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/-
) Chemicals related to the sa11cy1ates were: 1nvest1gated to
determine structure-activity re]at1onsh1ps as they perta1w to the

inhibition of hqman p]ate]et aggregat1on initiated by ADP. and collagen,
. ;

. to %tudyfthe effgcts of incubatioh of'fhese EOmpounds on such-
aggrégation, and to défﬁne the role of platelet acetylation 7in th{s*ﬂ
inhibition. , | | o

Utilizing a turb1dometr1c technique anﬂ—human ?1ate1et-p1ch p]asma
(PRP) at 37°C, acety]sgiﬁcyllc acid (ASA), 2‘\\/90xybenzo1c;ac1d 2,3- .
d1acetoxybenzo1c acid, sd%1um sa11cy1ate and 4-qm1nosa1§§y11c aéhd (PAS),

at su1table final concentrat1ons and without pr1or 1ncubdt1oﬁ’1n‘PRP

prevented ADP-induced second phase aggregat1on and 1nh1b1ted ollagen-

‘‘‘‘‘

\
compounds 1nh1b1t1ng second-phase ADP aggregatign were 15 43’\69 and
\
100*t1mes that of ASA, respectively. Without prior 1ncubatlon: 2,6-

d1acetoxybenzo1c acid and’ 3-propoxybenzoic #cid potent1ated the second

phase response of ADP- 1nduced aggregat1on, while 3-acetoxybenzo1c ac1d
e 4-acetoxybenzo1c acid and 2, 4 d1acetoxybenzo1c acid_had no effects on

S, \ '.J

i either co]lagens or ADP- 1nduced aggregatlon

, T ASA, 2,3- d1acetoxybenzo1c acjd, 2 , 6- diacetoxybenzo1c acid and

‘\
s Q-propoxybenzo1c ac1d were incubated 1n human PRP at 37 C for 5 and‘

10 m1n s and the effects on co]lagen aggregatjoﬁ and the uptake by

p1ate1ets of radioactive acetate or propionate groups frqm 1“C-1abe13éa

. . .
o ) . . -8
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) analogues of these compounds were studied to determine if a correlation

) B . « -
existed between acy1ation .and inhibition of aggregation.” There was

‘e

: ) a d1rect re]at1onsh1p between the extent gf inhibition and the final
drug concentrat:on ASA was most potent fol]owed by 2-propoxybenzo1c,
)2 3-d1acetoxybenzo1c(and 25-d1acetoxyben oic acid, Radioactive
. ’ uptake oF’added act1V1ty also was dependent on the concentration of
¥‘ the labelled compound and the incubatien time, andiwas h1ghest n1th
ASA, inte?mediate with 2 3-d1&hetoxybenzbic and 2 6-dtacetoxyhen?oic -

c1d and ?owest with 2- propoxybenzo1c ac1d . 011gomyc1n a

netabol1c 1nh1b1tor, incubated 1n PRP for 15 min. at 10 M, reduced

.. ' '_ the uptake of acetate and propionate from the rad1oact1ve ana1ogues
) The amount of uptake under the exper1menta1 cond1t1ons emp]oyed

. 2 did not covre]ate with the degree of 1nhﬁb1tory act1v1ty on colTagen -

- | aggregat1on Chloroform methanol extractﬁon removed abo&@’SO% of 1

1ncorporated rad1oact1v1ty from lsolated plate]et buttons.
¥ / .

et et b e
e 3 —

oa tive label The nesults suggest that structura] specificity is

-

'essent7a1 to the aggregat10n inhibitory activity of ASA .and do not

“~

. §hppqrt the hypothes1s that acetylat1on of .platelets by ASA - Ts so1e1y

s ' r!epOns1ble for its 1hhtb1tory efffEtgﬁ They do‘pot conf11ct with the :
™ ,' s?ﬁyestion,that acety]at1on s responsible for ‘the pers1stent in vivo

. effects ofaASA

B
Py j'z To qxa@1ne~the effects of in vttro ASA on the’ p]atelets'of persons

‘\. o “ ' a £ ) h e
. lr suffer1ng from gastr01ntes§1nal»hemorrhage, co]lagen-and .ADP- 1nduded

3/ -

_ platelet aggregation were studied 1n ]1 subgects (Group 1) havxng - '

. gastrointestinafﬂhemorrhége,within 96 hﬁb of takfng\ASA 11 (Group 2) a
. . «F) : . e
v ';;/J,(’ - with similar hemorrhage not associated with recent. ASA ingestion, and

.:-,’l
y

o ' \‘«./‘ »
8
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1 héspitalizék,dontro? subjects (Group 3). ASA cébsed signifﬁdant1y

greater ing%bitioQ\:f co]lagen %ggregatlon in Group 1* than 1n e1ther
)

Group 2 (p<0.0d5 ot Group 3 (p<0.02).

‘one yeaa‘]ater, yielded on]y a few patlents and there was 1nsuff1c1ent

.

data toAdeterm1ne if the. 1ncreased sens1t1v1ty was st111 present but

the resu]ts implied that. th1s maght be s6. These data suggest that .

some Lnd1v1duals may have platelets wh1ch are 1ntr1ns1ca11y more

sens1ti¢e to'ASA. . : “‘ : - . .
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o , I INTRODUCTION : !
"Coronary Heart Diseoée has reached Enormous proportions, striking-

more at younger subjects. ’It will ne§o1t in coming'years in the greatest

epidemic mankind has faced dnless we are able to reverse the trend by

concentrated research ingo‘its'cause and oﬁeventiOn." This statement was

made oy_the Executive Board of the ﬁorld Healtﬁ Organization in 1969

(Stamler, 1973) and reflects the concern of North Americans in general.

toward this rampant killer of young and o]d alike. o &
) Ihe fact that thromboembol1sm plays a significant role in this

'phenomenon ls,well recognized andﬂnumerous attempts have been made to

reduce %ts monbioity and mortality w%th %he use of onticoagufqnt drugs.

Recognition of the differences between the formafion of venous ano '

arteria] thrombi, and the vital role of blood platelets in the 1atter

process haveled to the study of compounds which m1ght prevent p]ate]ets ' }

:from st1ck1ng té damaged endothelial surfaces, from st1ck1ng to one

another, and from forming platelet thromb1 and. emboli. Aﬂthough a

multitude of sobstances have been shown to inhibit p]ateiét function , .

.?ﬁ vitro throbgh a variety of hypothesized meohanishs, a.]imifed,qumoer

of these have -demonstrated sionificant actionelin vivo aod h;ve sHown ,

promioe in the prophylaxis or treatment of p]atelet-related

thromboembolic disorders in man. Consideraole reseérfh has focused on

the inhibitory effects of anti-inflammatory a&glgesjo compounds, R

_particu]arly ecetylsalicy]ic ocid (ASA) which hae in vi%ro inhfbifory

act1vity on human platelets and has shown some potent1a1 as an- in vivo’

ant1p1ate]et agent. . ' oL
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In response to suitable concbntrations of aggregation stimuli,
such as adenosine 5'- diphosphate (ADP) or collagen suspens1on in vitro, g
human platelets §;\ been shown to release the COmponents of a var1ety ‘
of intracellular granules. Songe of the released substances, eg., ADP and

5- hydroxytryptam1ne (5-HT), are probably invalved in further aggregation Q'

and\(he formation of a relat1vely stable platelet méss~— Ev1dence has
accumulated to suggest that it 1s th;s release reaction on wh1ch “ASA
exerts 1ts 1nh1b1tory act1v1ty with resultant format1on of an unstable,.
revers1bly develdped platelet aggregation. If correspond1ng phenomena
take place in the human body; a’better understand1ng of the in vzv:?:SA ..

effects and its mechan1sm might lead to a better understandxng of

platelet funct1on and the development of -more eff1c1ent ant1platelet
< drugs. ASA is known to affect many systems in the human. pody but none ‘

.Of these act1ons can expla1n 1ts inhibitory act1v1ty on platelets .Some’

stud1es have., suggested that ASA acetylates platelets although "the »

mechanlsm through which this reaction’ 1nh1b1ts aggregation has not been
.def1ned N wh1le other’ ant1 1nflammatory analg£s1cs also 1nh1b1t platelet

aggregat1on both in vztro and in vivo, ASA 1s unique in that 1ts effects

pers1st in humans for up to seven days. It may be that the acetoxy
_group and the acet);lation reaction may , in som%way, be involved in the .)
-pers1sten9ivof these effects in vivo. ‘

. Based on this background a study was initiated to 1nvest1gate the

¥
1nh1b1t0ry effects on human platelet aggregat1on of a series of sal1cylate

compounds, and to study the platelet'uptake of a radloact1ve acetate or
propionate group from 1“C-labelled sallcylate derivativeé in order to
._determine if the amount of acetate uptéke was related to the degree of
inhibition~of'in uitrbrplatelet aggregatiom.

4




There is now general agreehent‘that the,administration of o

‘sa]icj]ates,'particular1y ASA, may in some individuals precipitate

- gastrointestinal hemqrrhége: Many investigators have examined the
effedis of salicylate compounds on tﬂe gastric mucosa'and have attempted

to define the 1nc1dence and mechanlsmﬂgf ASA-anﬁuced gastr1c bleeding.

—

— SA-reTEfEH defects of hemostas1s, 1nc1ud1ng defects of blood p]ate]et
. funct1on would be expected to 1ntens1fy the b]eed1ng tendency of
’susceptlble 1nd1v1duals. In view of the 1mportance of platelets in the
;la;rest”of‘bleeding, a study‘was‘undertaken in an effort to determine
 whether or not the platelets of individuals exhibiting gastrbintestina]
hemorrhage after ASA 1nges;ion mid%t be abnormally sensitive to ASA
inhig%tion of platelet function, hence rendering the individual more

susceptible to a bleeding episode.




CIT GENERAL REVIEW

A. Early History

o

At a session of the Academie des Sciencé?lof Paris; on March Z,
1842, Alfred Donné stated that there existed in the blood, red and whiie

. globules-and Tittle globules (Tocantins, 1948). whiiefponné, because -of

- this observation, has frequently been given cred%t for being the first
. e T
to report the existence of blood platelets, Robb-SJ;th (7967) has noted

that two English practitioﬁers; George'Gu]]ivér and William Addison, may .
~have been the first to observe these formed elements of the blood.

Gu]liver wrote "Otff and an appendix to an English translation of

Gerber's General and Minute Anatomy in which he deéscribed minute particles -
" which probably were platelets (Robb-Smith, 1967).

¢

On April 15, 1842 Addison wrote that he had
, ¢

""...found the colourless corpuscles somewhat larger than
the red corpuscies with which they compared, measuring
1/2800 to 1/3200 'of an inch in diameter. 1| observed, at
the same time, that the fluid, i.e. the liquor sangwinis,
contained a great number of extremely minute molecules or
granules, varyifg In size, the largest being at least -
eight or ten times less than the colourless corpu?cles ‘
and they were in much 'greater_abundance.. Whilst examin-
ing these minute bodies, | observed the coagulation of
“the fibrin commence. Exceedingly delicate and perfectly.
cylindrical filaments or fibres crossed the field of the ;
microscope; the?\grqdually increased in number, inter- -
secting one another in various ways, and at 'length
formed a compltete network, in the meshes and angles of
which the molecules and colourless corplscles were
coliected and drawn together. Many nolecules were
situate at distant intervals, along the course of the
filaments and the character of the filament being less
than that of the molecules, they formed nodules upon
it." (Robb-Smith, 1967) '

.‘
‘.

In 1873, Vulpian described the pfesehce of colourlesg corpuscles in the

bLobd,'nofing that these elements had the ability to stick to a cover-

4 .-
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“gless and to accumulate in clumps (Tocaetins, 1948).
Man¥?investigators were familiar with the appearanceAbiJ ..
exper1menta]1y-1nduced thrombos1e/and .noted some 1nvo1vement of p]atg]ets
in this occuvrence Wharton Jones, in 1851, stud1ed the stage:rg;-?”>
exper1menta]]y«1nduced thrombos1s in the web of a frog's foot and '
descr1bed the clumplng of co]our]ess corpusc]es 1n blood vessels as he N
pressed them with a b]unt p01nt B1zzozero in 1882, reported the .
~ changes observed after a crush injury to smaJl arteries or veins 1n qu
guinea-pig mesentery (French, 1965). He ndted-the accumulation of - '
4p1ate1ets,end leucocytes at the injury Eite; observing that if . the
blood Flow was strong enough, part or all of the accumulated mass was N
“weshed away .and a new one developed at the injury site. In the same
year, Georges Hayemiconcluded that platelet thrombi were'intihate;y."‘i)
) invo]ved.in the arrest of bleeding and that-a decrease dn number or ¥
absence of p]atelets wou]d resu]t in abnormal hemostasis (Tocant1ns,

1948) Ear11er findings were expanded by Welch 1n 1887 (French=J965)

when he emphas1zed the fact that p1atelets accumulated at a site of
thrombus format1on earlier 1n-the pnecess than -did_Tleucocytes. Plate]et.
‘ aggregat1on was 1n1t1a11y described by Eberth and Sch1mme]busch (1886)
~who. used the term "v1scous metamorphos1s" to describe this phenomenon
N—S1nce these early observatlons, the 1mportance of the platelet plug in
hemostasis has been conf1rmed Qy many investigators (Ap1tz 1942; Zucker,
1947 Chen and Tsa1, 1948 Hugues, 1953). S
A number of interesting hypotheses have been developed to define |
“the site of platetet prodectidn in the bddy; Tocantiné (1938) has * -

;‘reviewed many of these, pointing out that dt'one»time in its history,

- . " R . .
« 1] ' ’ ’
. .




. the p]ateiet was thought not to exist as such 1n the c1ﬁCu1atton but
-merely to preci 1tate~£nom/p1asma when_blood was shed ‘Other theories -

<::}— , suggested that plate]ets or1g1nated from thefendothe71a1\11n1ng of blood

: vessels, from erythrocytes leucocthSfor froﬁ b1ood pJate]etssby direct
mu1t1p11cat1on from the lymph and hemolymph g]ands, and “from the sp1een‘;' ;

; ;3~ and bone marrow Several-of these concepts pers1sted unt11 1906 when - ‘ L
L 4 e

wr1ght (1906) demqnstrated that megakaryocytes of the bone marrow gave

e — W

- —
s —

-rise to p]ate]ets by fragmentat1on of theéir cytop]asm

Following the turn o#—thé‘century, investigators focused their

{;1

~ efforts on the hemostatic process and ‘few references to piatelets
. " - b e

appeared in the 11terature durlng this period.s The var1ous theories of

€ gl

c]ottlng and the sequence of events }ead1ng to our preseht understand1ng
have been docuﬁénted by Howell (1935) Br1nkhous (1959) and Poller (1969).
In 1912, however, Duke proposed the b]eed1ng time of the skin as a test
for bleed1ng tendency, show1ng a close torre]at1on between b]ood p]ate}et

count and the durat1on of the b]eed1ng t1me (Tocant1ns 1948) Further ‘~5

R 2

¢ 1mportant contr1but1ons were made by Mright and Minot in 1917, who o o
descr1bed 1rrever51b1e aggregat1on in great -detail, and Payling Nr1ght
(1941) when she dev1sed a rotating glass bulb techn1que for the measure- «

ment of platelet adhesiveness.
N . & '
_The term salicylate desdribes a family of drugs which have n

J ¢

N .Q ; .
common the 2-hydroxybénzoate radical. Anc{ent civilizations were aware .

of the ant1pyret1c propert1es of .willow bark from which Lero/xf4so}ated—*""’

' the bitter glycos1de sa11c1n in 1827. It was from th1s g1ycos1de that
P1r1a prepared sa11cy11c ac1d 1n 1838 Cahours 1solatedwsal1cy1hc acid

0

from oil ofryintergreen in 1844 and kolbe and—Lautemann prepared it from
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phenoi in 1860 (Soine and Ht]]ette 1962). Sod1um sa11cylate was 1ntr3:\\\_>
ducad as an antipyretic 1n 1875 by Buss (Hoodbury, 1971) « Acetylsalicylie
ac1d was first prepared in 1853 by on Gerhardt but its pharmaco]og1ca1
‘propert1es were not d1scovered until 1899 by Hoffman (So1ne and H/jﬂette,
J962). It was Dresser who named 1t aspjr1n".and 1ntroduced it to

_ medicine in 1899 (Woodbury, 1971). o AR
It has been known for Some ,time that sa11cy1ate adm1n1strat;on in ‘ |
exper1menta1 an1ma]s and man Jnduces a temporary hypoprothromb1nem1a and
. may be a factor in severa] types of b1eed1ng eplsodes, 1nc1ud1ng those
.0f the gagtro1ntest1na1 tract (Sm1th and Sm1th ]966) Meyer and
Howard (1943) were the first to show in manvthat the prothromb1n content
of ‘the blood was decreased by the’ adm1n1st;‘ of salieylater~ ?hqs*““if'i
finding was later confirmed both in man (Rapoport et aZ , 1943; Shapiro,
1?44) and in exper1menta1 anjma1s (Link et aZ.,\1943,-Rapoport et azl:'
1943). In 1916, Gregersen poblished‘data which showed that positive
_chem1ca1 tests for blood were obta1ned in the feces of pat1ents rece1v1ng
'salrcy1ates. B]eed1ng has frequent]y been assoc1ated with fatalsal1cy1ate
poisoning,* petechial hemorrhages hav1ng been reported 1n the heart and
iungs (Polson, 1959), skin and brain (Tro]] and Menton, 1945) “and the
thymus and adrenal glands (Stevens and Kaplan, ]945) Consxderable_/,
* evidence has accumalated to suggest that 1nAc(<;%?n 1ndiv1dua]s sa]1-f

o e
.

'3f?35'53} precipitate marked bleeding episodes. Much of °

this work has been reviewed by Smith and Smith (1966) . Frick (1956) has

reported that sa11cy1ates increase cap111ary frag111ty w1th resultant
b]eeding : ) : .

Feom this historical base, the literature on platelet function and
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. 1 >
its inhibition has proliferated since the middle of the last decade.

Since'it‘is beyond the scope of this dissertation to review in its
; \

entirety, all facets of platelet morphology and function,-ﬁore emphasis

has been p]écea'on those areas directly related to the effect of

-

é

salicylate comnounds on platelets.

$

B. Blood P]até]et Ultrastructure and Metabolism

Blood platelets have been shown.to be comp]ei, well-organized,
anucleate, disc-shapéd cells, approximately three microns in ;iameter
and one micron in thickness'(@j:gq and Daéry, 1971), containing
mitochondria, granules of varying e]ectnon density, vécuo]e;, vesicles,

golgi apbara;us, microtubules, microfilaménts, glycogen granules

(Hovié, 1968; Zucker-Franklin, 19796), fibrinogen (Gokcen and Yunis,

)

-1963; Morse et al., 1965), and ribosomes (Booyse and'Rafe]son,i}QGé;

Booyse, Hoveke and Rafelson, 1968; Ts'ao, 1971). They have been found
capable.of synthesis of am1no acids (Puszkin et al., 1970; Steiner and
Baldini, 1969), fatty ac1ds (Majerus et al., 1969 Z1eve and Schmukler,
1970a) and proteins (warshaw et al., 1967). -

The plate]et surface membrane has been reported to be similar to

that of dther cells in ultrastructural appearance and lipid comﬁbs1t1on

(Zucker Frank11n 1970a). It has been shown to- be about 78 angstroms (A)

th1ck ad to con$1st of three layers, two of Which“arg e]ectrongdense
appnoximaté]y 20 R thick, and separatéd ny a ]ess dense layer (Born,
1968). On the outside of the membrane, an_ uneven layer of amorphous
substénce about 150 - 200 A thick (Behnke, 1968), and found to cons1st
of mucopo]ysaccbar1de (Behnke, 1968; Nakao and Angrist, 1968), and

glycoprotein (Nachman anq Ferris, 1972; Phillips, 1972) has been

1




obse}vedgﬁ Barber andJJamieson (1970) have isolated the plasma membrane
%f human plate1éts and characterized its composition- in some detail.
The'plate+et membrane can undergd chéinges which enable it to
develop adhesiveness, aggregate, and mqke évai]abie‘membrane phos pho-
lipids for acceleration of blood coaguiation (Marcus and Zucker, 1965;
Horowitz and Papayoanoﬁ, 1968; Barber et al., 1972). The coagulation u
: fdctbrs.v, XiII, XII,-and.XI{I (Bounameaux;‘1957; Horowitz and Fujimoto,
1965; Nachman, 1965; Karpatkin. and Karpatkin, 1969; Gaﬁguly, 1971; Berman
et al., 1?73), some components of the fibrinolytic system"kHo1emansAand
Gross, 1961),,receptor§_or binding sites for adenosine diphosph&te (ADP)
(Borm, 1965), 5-hydroxytryptamine (5-HT) (Born and Gilson, 19?9) and
adrenaline .(MiTls andtRob%rts, 1967a; Antee and Nichal, 1972),
fibrinogen (Davey and Luscher, 1965; Nachman, Marcusand Zucker-Franklin,
1967) which is distinct from p]aéma fibrinogen (ngQu]y, 1972; Jame§ and
Ganguly, 1973)% antigens'(Nachman, Marcus and Zucker-Franklin, 1967),

-

immunoglobulins (McMillan et al., 1971),.a thrombin-sensitive'pr&tein of,
. T )
molecular weight 190,000 (Baenziger et al., 1971) and various reactive
. ° [ 4

chemical groups (Mehrishi, 1970; 1971; Ando and Steiner, 1972; 1973) all

have been found on the platelet membrane. Reddick-and Masor {1973) have

recently reported the presence of surface-associated particles which

& appeared to be protein and were embedded in thé plasma membrane of

human platelets. Their results suggested that these particles might, in
. ? - T
some way, be associated with the aggregation of platelets.
_ Platelets have beén'obse[yed to contribute ‘to the maintenance, of

-

vascular integrity in tha body by making available membrane materials

(Cronkite et al., 1961; Wojcik et al., 1969) and platelet fragnents

o

i
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(Lough and Moore, 1972).

*  Some platelet granules, probably a-granules have been shown to

. _.contain lysosomal enzymes (Marcus et al., 1966).(ac1d phosphatase,

B;g]UCUronida;e, B-xylosidase, B-fucosidase, a-glucosidase, cathepsin,

aryl sulphatase, a- and B-galactosidase, B-N-acetyl g]ucosaﬁinidase,

" B-N-acetyl galactosaminidase and a-s-mannosidaée) (Day et al., 1969;

éosmann! 1972), while in others were found ADP, adenosine triphosphate
(ATP) and 5- HT (Born et al., 1958; Baker‘qt al., 1959; Tranzer et al. ,
1966 M1nter and Crawford 1967; Da Prada et ai T™67; Da Prada and
P]etscher, 1968; Davey and Luscher, l%gB Holmsen, Day :nd Stormorken,
1969; Da Prada et al., 1971) Holmsen, Day and Storm, (1969) have -

. 4
reported- that ADP(and ATP were contained in at least two and possibly

10

¢

three pools in the platelet. fhey found about 60% of total ADR and ATP .

in p]atelet granules and tke remainder in the p]afeiet cytop]asm; .
mitochondria and membranes. "The former of these poo]s, they des1gnated
as the "non- metabo11e pbol", wh11é the 1atter which turned over
cont1nuous]y,,they called. the "metabolic nucleotide pool".

Microtubules have been found.in platelets in bundles of five to
J

.twenty {Behnke, 1965; Sandborn et al. » 19665 White et aZ _ 1966). They

have'been reported to measure 208 -» 250 A in diameter (Behhke 1965;
S11ver, 1966;% White et aZ » 1966), to be ]00 A apart and to exist
approx1mately 500 A 1ns1de the platelet membrane (S11ver, 1966)

P

P]ate]ets in which marginal bundles of m1croxubules have been destroyed,

(?
or are absent, have been fbund to be 1ack1ng in norma] discoid shape,

~and are e1ther irregular w1th numerous pseudOpods or spher]c&] (Béhnke,

1967). “It has been suggested that they may have a fole in the .

“an
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maintenance of p1ate1etfshape'(8ehnﬁe, 1965; Sand.orn et al., 1966;

"White et al., 1966). NE1ther oxidative phosphorylation nor glycoﬂys1s

-

has beeﬁ’found to be necé%sary for ma1ntenance of 2?ﬂ?1n1crotubu1es,

a1though glycolysis has been shown to be essential ‘for normal

p]ate;et shape (Behnke, 1970). Zucker-Frank11n (1969) has reported -

that the djSappearanCe of microtubules tended to coincide with the

appearance of actomyosin 1n the platelet

’

A cana11cu1ar system has been observed to be assoc1ated with

the marg1na1 bundle of m1crotubu1es White (1972a; 1972b) has reported

" the presence q; two canalicular systems an open canalicular system,

wh1ch is cont1nuous with the ce11 surface, and a dense tubular system,
< x

wh1ch is assoc1ated with the marginal band of m1crotubu1es Mason

.and Reddick (1972) have reported that the plasma membrane appeared

¢

:to‘be continuous with the membrane of the surface connecting system of’

cana]1cu11 They nOted-that these structures were closely associated

w1th storage=granules and appeared to connect to small vacuoles

.Another investigator (Nhlte 1968b) also has. described vesicles and

vacuoles%as being part of the open~cana]icu1ar system, White (1972a)

has found port1ons of the dense tubular system and chanpels of the

!

open cana11cu1ar system 'in close prox1m1ty to each other, especially

in areas where the open canalisuli were gathered in clusters. He

w—r——

reported that even though the distance separat1ng.the membranes of

the two systems was slight, they did not fuse or communicate with

each other, . White (1972a) also suggested” that the platelet dense

tubular system was reSIdual, smooth) endoplasm1c\ret1culum derived

from rough endoplasm1c ret1cu]um after detachment of ribosomes.

~

o
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A system of micrOflbrlls has been seen near the platelet surface
(Zucker-frank]:n, 1970a). Zucker Frank11n (1970b) has suggested that 1f
“ these submembranou;'ffbriTS ‘had a contract11e function, they could . \
influence movement }hrough thé‘cana]icular‘%}stem.“~$ome studies have e
' vstrong]y suggested that these'micr\fibrils were contracti]e (Zucker- . ¢

;Frank1iniet al., 1967 Zucker- Frank11n ]970a) and were” *thrombosthenin A
(Bettex-Galland e al., 1969). '

The presence of a contractiTé protein in nornmd-human piate]ets was
1n1t1a11y reported by Bettex- Ga]]and and Luscher in 1959 Théy iso]ated
a protein wh1ch showed many of the character1st1cs of muscle actomyos1n
. and which they named thrombosthen1n (Bettex Gatland and Luscher 1961). T
Further studies demonstrated that as in the case of musc]e actomyos1n,
this proteln -acted as an ATPase and was dEpendent on the presence of
ca1c1un|and magne51um 1dhs (Bettex- Ga]]and and Luseher, 1961; Nachman,

- Marcus and Safier, 1967) Booyse, Zschocke and Rafelson (1972) have f“
est1matgo that- thrombosthennn const1tutes approximately 15% of tota]

_ solubilized human‘p]ateﬂet prote1n Itbhas-been ?ound d1str1buted

.- throughout p]atelet cytop]asm (Bettex- Gal]and et aZ » 1969) and may a1so
be, present on the outer surface of the. platelet (Booyse and Rafe]son,
1971) Thrombosthen1n M the ‘myosin- 11ke component of human piatelets,
has been studied in deta1l (Booyse, Hoveke, Zschocke and Rafelson,’ 1971)

£

and found t6 be 1nd1st1ngujshab1e from musc]e myos1n (Ade?ste1n et al,

1971). The act1n.component of pIaUelets, thrombosthenin A, has=been‘\‘\\\;l;\\ _
reported to have a molecular we1ght of 44,000 (Luscher et al., 1972) and -
ressemb]e the F act1n from str1ated musc]e (Luscher and Bettex Galland,

1972) Some ev1dence has been presented suggest1ng that it cons1sts of .
b

. . - . -
4 .. . ) '3
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two forms (Probst and;LUscher, 1972). This contractile system does nat

/

appear o be . preformed in 1ntact c1rcu1at1ng p1ate1ets, but becomes o

#

’ ‘d1scern1b1e on]y fol]ow1ng p]ate]et Ynjury such as that induced by

P .
aggregat}ng agents (Zucker-Frankl1n, 1969). ATtheugh the-mechan1sms are

not completely understood thrombosthenin probab]y p]ays a role in many

aspects of normal platelet function, ;nc]ud1ng c1ot retract1on, 1rrever-

sible platelet aggregathon the p1ate1et re]ease react1on and alterations

“in p1ate1et morpho]qu (Luscher and Bettex-Ga]]and, }972); An excellent

_ review on this,subject has recently been prepared by Luscher and Bettex- |

Galland (1972). ‘

The formation of pseudopods by the platelet has been studied by

. Warren ahd his co]]eagnes (Warren,'1970; 1971; Warren and Va?es 1972a;

1972b),but because of its involvement in the p]atelet release reaction
. 'Q “

- will be discussed in another section. K |

IS

ANorma] p]éte]et function depends on the productidn of energy by
glycolytic and ox1dat1ve pathways (Campbell et al., 1956; Detw11er and -

ZleOV1C, 1970; Doery, Hirsh and Cooper, 1970). . E1ther pathway may off—
4" /

set a decreased product1on by the other and glucose appears to be
ut111zed in preference to fatty ac1ds when the platelet is /pder metabol1c

stress (Doery, Hirsh and Coqper 1970) _An energy source has been found.

essent1a1 for the uptake of ubstrates (Z1eve and So]omon 1968),
17

synthes1s of fatty ac1ds (Hennes et al., 1964; Deyk1n and Dresser 1968;

>

MaJerus et al. 1969), phosphp]1p1ds (Lew1s and Magerus, 1969), prote1ns

-« (Booyse and Rafelson, 1967a, 1967b 1968), and glycogen (Scott, J967;

Vainer and watt1aux 1968; Karpatkin et aZ 1970), uptake and storagelv- .

of 5- HT (Ne1ssbach and Redf1e1d 1961; P]etschor, 1968), ma1ntenance of 6
the p]ate1et intracellular ionic balance (Gorste1n et aZ.,~1967),

.
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© Bt adenos1ne monopﬁosphate is regulated by the enzyme phosphod1esterase

i
»

maintepance of the platelet discotid shape (Bull and Zucker, l965)
platelet aggregat1on (Murer et al. 1967; K1nlough Rathbone et al.,*1970a),

the platelet release reaction (Murer, 1968), phagocytos1s (Movat, Weiser

3 et ala, 1965;'Mustard and Packham,_l958; Kuramoto et al., 1970), and clot

retraction (Bettex-Galland and Luscher, 1960; Murer et al., 1967; Murer,
l969a) A number o; factors known to have stlmul;tory”effects on
pyatelet function have been~shown to produce an 1ncrease in one ormore
of,glycolys1s, glycogenolys1s or tri arboxyl1c’ae1d act1¥1ty (Hirsh, and
Doery, l97l) These lnclude~the'ag egating agents ADP :adrenaline,
thrombin and collagen (Karpatk1p andqtanger, l967 Loder ét al., 1968; —-

*Puszk1n and Jerushalmy, 1968 Kuramotp et al., 1969;. Steiner et al.,

1969 McElroy et aZ J1971). Karpatkin and co-workers (Karpatkim, 1969a;

)

l969b Karpatk1n and Str1ck,/l972) and Mannucci and’ Sharp (l967) have
)

demonstrated that youny. platelets are larger and metabol1cally more act1ve
than “older, smaJler ones. B -
' ’ Cons1derable ev1dence has accumulated to suggest an 1mp0rtaht role

for Cyclic 3',5'-adenosine mondphpsphate (cyclic AMP) in the metabolism,’ ’

and normal funct1on of blood- platelets Cyctic AMP levels are part1ally ,

controlled by adenyl cyclase, an enzyme first reported to be present 1w
1 & .

platelets by WOlfe and Shulman (l969) and later found ‘to be bound to
platelet—membrane (Song and Cheung, 1971). The breakdown of cyclic AMP to

’,

(Song and Cheung. l97l) Amer- and Mayol {1973) haue recently reported

the presenceloftwo forms of phosphod1esterase n human platelets The

y.

low Km form of the enzyme (ph05phod1esterase-II) was assoc1ated with

platelet membranes wh1le the Other fgrm was soluble They suggested
. ' . ‘.

>
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that phosphbniesterasefII,might play a significant role in the p;atelet
. re]ease‘}aaction.‘ Many of the n]ane]et.aggregating agenté, eg. ADP,
'adngnaffne, noradrena]inq,u5<HT, thnnmbin andlcollagen have been'report-
“ed by some investigators to Tower platelet cyclic AMP cnncentrations
(Salzman and Neri, 1969; Zieve and éreenough 1969' Harwood et al., 19123
Sa]zman et al. 19i2° Sa]zman and we1senberger, 1972), wh1]e others )
(Ba]] et al. , 19TB§~Moskow1tz et al., 1971; McDonald and Stuart, 1973)
have not been able to“demonstrate tnis'effect ‘Droller and Wolfe (1972)
haVe described an increase in 1ntrace11u1ar C;C1TC AMP in human platelets’
;'1ncubated with human’ mbm~ More frequently, however, compdunds
which increase intracellular Tevels of cyelic AMP have been shqrn'to be
‘:1nh1b1tors of p]ate]et aggregat1on " Such aggnt§ mayfincrease é&c]ic AﬁP

’x ¥

.levels through a st1mu1at1on of adenyl cyc]ase, eg. prostaglandln El,

adenos1ne 2-ch10roadenos1ne (Wolfe and Shu]TSn, 1969; Zieve and .

Greenough ©1969; Scott, 1970} Mills and Smith, 1971; Harwood et al.
1972) or by an 1nh1b1t1on of phosphodiesterase, eq. methy]xanth1nes

. papaverine, d1pyr1damo}e and its analoguas,RA 233, RA 433 (Cole et al.,
19705 Horlington and Natspn; 19703 Snith and Mils, 1970; Mills and
$mi£h, lé?l"Pichard et al. 19%2) Has]am and Lynham (1972) have

- reported that aa;nos1ne and 2 ch]oroadenos1ne at Tow’ concentrat1ons

increased adeny] cyc]ase act1v1ty, and at high cancentrations had

1nh1b1tory effects on th1s enzyme. They suggested that this activation

), s . : )
and inhibition were 1ndependent processes mediated by different components

"of ‘a receptor-adenylate cyclase complex. Zieve and Schimukler (1970b;
1971) have noted that incubation of washed human plateléts and platelet

sonicates with cyclic AMP resulted in an jncrease in g]ycog%no]ysis and

.
v ' f
. . ~ /
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re]ated to the inhibition of: platelet aggregat1on by th1s substance andj

-

C. Blood P]atelet Aggregatton -

byuggents which stimulate its production. It has been suggested that’ a

.phosphokinasesnight be responsible for the expression of cyclic AMP ’
effects -on human platelets (faulen and1Gross, 1972). ‘ =
. < . //‘ ,

It has been kngwn for manysyears thqt‘b]ood p]atelets aggregate

: during the clotting process (Osler, 1874). Hellem,'in‘f960, fodnd thdt

an almost. Tinear :slationship'existed between the number of red blood

cells in. plasma and platelet alihesiveness to glass. He descrlbed the -

respon51ble red cell factor as belng ac1d1c, d1a1yzab]e heat stable an%},

a relatively small molecule and gavé it’ the designation "R factor". In

1961 Gaarder et‘aZ. demonstrated that this substance was adenosine

diphosphate (ADP) and that 1t st1mu]ated p]ate]ets to aggregate and

"adhere to foreign surfaces. A year 1ater, Born (1962) suggested that the

'increased platelet adhesiveness observed in the presence of ADP might be

related to the in vivo formation of hemostatic platelet plugs. Since
that time, a vast number of studies have been performed in an attempt to

gaih’a full aﬁpreciation of qbnma] and pathological platelet function.

As well as ADP, a great ndfgﬁz;af other substances have ‘been found to

- aggregate blood pTateiets, including calcium jons (Born and Cross, 1963), .
. 2-cliloroadeposine diphosphate (Michal, 1967%; Maguire and Michal, 1968),

~ 2-methoxyadenosine-5'-diphosphate, é-methy]thioadenosine-S'-diphosphate,

2-ethylaminoadenosine-5'-diphosphate, 2-ch1oro-Ns-mEthyladenosine-5'4

diphosphate (Gough et al., 1972), connective tissue {Spaet et al., 1962;

~ Zucker and Borrel1i, 1962), collagen (Hovig, 1963a; Wilner et al., 1968),

» - -

‘ . . .

. - '

. .
. ’
. . . : .
. . 1 6
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i inhibition of glycolysis.. They suggested that this inhibition ray be
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basement membrane (Hughes and Mahieu, 1970; Ts'ao and Glagov, 1970),

thrombin (Shermer ¢t al., 1961; Grette, 1962; Schmid et al., 1962), . o

trypsin,. papain and pronase (Davey and Luscher, ]967) f1br1nogen
(Solum, 1968), adrenaline and noradrena11ne (C]ayton and Cross, 1963;
‘B 'Brien, 1963a; M1tthe1] and Sharp, 1964; Mills and Roberts, 1967a,
Ahtee and Michal, 1972), 5-HT (Baymgartner and Born, 1968; White, 1970;
Born et ai., 1972); fattyAégid;_iﬂgglgm%;1964+ Kerr‘qt al., 1965),
endotoxins (McKay et al., 1958; DesPres ot al., 1961; Grottum et al.,
1969; Nagayama et ali; 1971}, endotoxin-cupfic don«comp]exes (Lewis dnd’
'Dicksbn, 1971);'exotdxﬁns (Siegel and Cohen, 1962), bacterial organisms
(Clawson and ﬁhita, 1971), antigenvantibgdy comb]exes (Movat, Mustard
et al. , 1965), viryses (Turpie—et al., 1972), triethyl tin ( 'Br1én,
.1963b; 1964), latex particles (Glynn et*aZ , 1965; Movat wefser et al.
- .1965), nicotine (werle and Sch1eve1ba1n 1965), b1]e sa]ts (Sjlver, 1971),
heparin . and protam1ne (E1ka, 1972), polylysine (Packham et aZ s 1970,
Eika, 1972); act1vated factor X (Jevons andeBarton, 1971), ristocetin
(Howard and Firkin, 1971), arginine and 1ysine vasop;essiné (Hastam and
Rosson, 1971), sodium po]yanetho] su]fonatg (L1quo1d) (Grdttum et al.,
1969), dextrans (Dhallet al., 1966; Dhalland Mathe§on, i968), methionine
(Buehler and Rennert, 1970), hydrogan'peroxide (Higash% et alt, 1972) apd
:arachfdonic'aéid (Ingenman et al., 1973}
‘ Platelets im plate]gt-rich plasma (PRP)}, or in washed suspension, *
;“’ expdﬁyd to ADP, have Eeen found to undergo a change from their norma]
‘ discdﬁd form to a spherical configuration with multiple pseudopods, and
to aggregate (Zucker and Zaccardi, 1964; 0'Brien, 1965; Bull and Zucker,
- 1965; White, 1968a). The aggregat}on pattérn observed in PRP in résponse

to added ADP has been shown to depend on the final concentration
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of the aggregat1ng agent emp]oyed Tow concentrations (10-7M) producing

an -aggregation whwch 1s revers1b1e within a fewrm1nutes from its initia-
/— e
tion (Born and Cross, 1963); higher concentrations (appr9x1mate1y

2 x 1075M).yie1ding a non-reversible-biphasic tyoe'of‘aggregdtion
. e ‘ }
response. With even higher concentrations, the two phases merge into -

i)

one, the aggregation also being irreversible (Constantine; 1966;

‘MacMillan, 1966). MacMillan (1966) and Zucker and Peterson (1968) have

reported that when critical concentrations of ADP were wsed, the PRP of

70 - 80% of persons studied showed the biphasic response. The second

phasée of agoregatjoﬂ\induceo by ADP in normal human platelets has been

: : - &
shown to be associated wjth the release of a number of substances from

the pTatelet. Theseﬁanc]ude ADP (MacMillan, 1966 M11ls et al., - 1968),
ATP (Mills et al. 1968) .5- HT (Zucker and Peterson 1967 Mills et al.,
1968) and platelet factor 4 (Youssef and Barkhan, 1968; Thomas et al.
1970) Dur1ng the release reaction, platelet factor 3 ava11ab111ty has
been found to Ve 1n£reased (Horow1tz and Papayoanou, 1968; Zuycker. and
Peterson, 1967). -+ * , .

Although the mechanism of ADP- 1nduceo aggregat1on is not completely
understood several theories have been proposed. Investigators have
demonstrated a number of essentia] factors includjng‘celcium (Hovig,”™ .
1964; %koza et al., 1967; Ardlie end Mustarq,-1§69; Ardlie eE/ZZ., 1970,
Cronberg and Caent 19705 Herrmann et al., 1970); magnesiom (Ardlﬁe and
MJ;tard¢ 1969; Ard}ie'et al., 1970;'Cronberg'and Caen,‘1970), metabolic
energy (Murer et ql.; 1967i'Kiniougﬁ-Ratﬁbone et al." 1970a; Mills and -
Lipson, 1973), fibrinogen {Cross, 1964; Solum and Stormonken,‘1965), and

possibly other plasma co-factors-(Cronberg et al.s 1970; Mustard and

' g
Perry, 1972). Murer et al. (1967) have observed that blockade of the




energy systems of>glycolysis and ex{eative.phosphorylation tegether, but
.-not s1ng]y, 1nhfb1ted ADP- 1nduced aggregation 'Platelets, incubated.1n :
a glucose free med1um, have béen found' to lose their ab111ty to respond
to ADP, ‘a responsiveness whlch could be, restored by the addition of
glucose to the medium (K1n1ough Rathbone et al., 1970a) Spaet and
Lejnicks (1966) suggested that the breakdown of ADP to adenosine ”
i monophosphate (AMP) released energy which.was utilized for platelet.
'b1nd1ng react1ons Steiner aﬁd his co;ybrkers (1969) concluded that
A aggregat1on was assoc1ated w1th or pg;s1b]y med1ated by, a burst of '
activity of the citric acid cycle, Chaudhry et al. (1973) have reported "
that aggregation of human‘piakelfts was associated with stimultion of the .
hexose monophosphate shunt and ‘that the increase in Krep's cycle activitx
observed, occurfed 1ater_and was not eseentia] far platelet aggregatfon.
ADP has also_been found, as have other aggregat1ng agenfs, to lower
platelet cyclic AMP 1evels (Salzman and Neri, 1969; Zieve and Greenough
1969; Hirsh and Doerys 1971; Harwood et al., 1972; Salzman et al., 1972),
and -this effect may pley a.ro;e‘in'its mechanism 6flaction:'
Sevefal inveStigaters have studied the essentia1/;ature of some.
p]asma protems for ADP-induced platelet’ aggr@gatwn Born and Cross,
) 1n 1964 suggested that the substance present in plasma and required as
well ‘as celc1um for-the aggregation of pig platelets by ADP was probab]y
a protein. It was heat- fab11e and present in the eug1obu11h fractren of
plasma protein and in, the preparat1on of factor VIII A year later,

Deykin et(ql. (1965) demonstrated that at least two plasma,fadtoes,”

fibrinogen and a heat-stable plasma protein distinct from factor VIII,

/participate& in ADP-induced aggregation of human platelets. Salzman et

+




at. (1966)'suggested that ADP acted. through inhibition of a p]atelet

e

ATPase wh1ch exposed adhesive sites and permitted aggregation through
. 1ntermed1ate secondary brldées contalnlngoca1c1um and f1br1nogen or .
other prote1ns More " recent studies also have suggested a role for .
fibrinogen in ADP aggregation. Smink et aZ. (1968) proposed that dur1ng
aggregation, acidic calcium-adenosine phosphate complexes were adsorbed
to the platelet surface, 1owering the pH and‘giving'ris;gto precipitation
of prote1ns, chiefly f1br1nogen whrch resulted in br1dge formation .
between p]ate]ets_*”_juu;Jnxestlgators (Sh1rasawa and Chandler, 1969)
==
have suggested that the br1dg1ng substance.in ADP aggregation was. de-
rived froo the surface layer of the platé]et, and that it contained
fibrinogen preadsorbed from the plasma and reieased from within the
s platelet. Three broteins, fibrinogen, Hageman factor, and gahma
' d]obu]in which supported plate]et aggregatioﬁ have_been identified by
~ Bang et al.” (1970). These prote1ns with a relatively high posit ve
charged deq;ity, were reported to support aggregat1on by towering f -the
" negative platelet membrane charge, reduc1ng electrostatic repulsion
between 1nd1v1dual pTate]ets. N1ew1arowsk1, Farbiszewski et al. {1968)
4 proposed that ADP aggregation ifu]d be med1ated throuz’ platelet factor
| 4, which reacted with soluble fibrin monomer complexe$ ahd fibrinogen
- near the p]atelet syrfece with resultant formation of platelet-platelet
bridges. Hovig (1965)’concluded that”besides protein, neuraminic acid
11nked to protein might play ah 1mportant role in aggregat1on
A number’ of workers have noted that added ADP need not enter “the”
plate]et to cause ?ggregation (Abdul]aﬁ 1968; Bou111n et al., 1972) and

" have proposed that it was bound%o%ceptors on the platelet surface

© ® o"'\
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(Born, 1965; Gaarder and Laiand, 1964;-Boullin et al., 1972). Mnscard
and Pérry (1973) have suggested that nucieos#de diphosphokinase an
enzyme on thefsurface of platelets w1th which ADP 1nteracts cou]d be the
ADP receptor for p]ate]et aggregation. Skalhegg et al. (1964) reported =,
that ADP attached to the surface of platelets by amjno groups and the
" ribose’ portion of the molecule, probably throngh'hydrogen‘pondingm,,
Calciun jons could tnen form.bridges between two ADP molecules on two
‘plate]ets " Both calcium and thiol groups have also been reported to be -
necessary for the adsorpt1on of ADP to the p]ate]i} surface (Hampton and’
Mitchell, 1966). Lycette et al. (1970) have suggested that the avail- K
) ab111ty of plate]et surface phospho]1p1ds may also playa rdle in !
aggregat1on by ADP exerting aggregat1on forces through their hydrophob1c o
‘ bond1ng;groups " ADP- 1nduced changes in p]ate]et membrane phospho11p1ds

may p]ax an important role in its aggregat1ng act]y1tj.(L1qu_et al.,
1972). ’ BT

Thrombosthen1n the contractlle element’ of b]ood p]ate]ets may be
involved in‘ADP- 1nduced p]ate]et aggregat1on wh1te 1967%.Froposed that
ADP.acted on an ATP- dependent ca1c1um purp which resylted 1n “intracellu-
lar release of calcium ions with resultant contract1on.of Fhrombosthen1n,

-and aggregat;on: 'Booyse and Rafelson (197é)lhave.suggested that aggrega-- '
tion was causeg by a direct action o% aggcegaging agénts cn a‘surfece_,

or mémbrane-loca]i;ed thrombos thenin whifﬁ'éx%sted in a'COntractéd state.

-
e

Stimulation of p]atelet aggregatlon relaxed th1s membrene thrombosthen1n :
and its ATPase activity resu1t1ng ina 1oss of membrane permeability and
and extrusion of plate]et cytoplasm, wh1qh they termed cytoge] and which
contained thrombosthenln in a relaxed stﬁte. Thezg 1nvestlgatbrs suggest-

ed that ‘the extruded cytogels interacted; contrac jon and retraction

-
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taking p]acé to draw the platelets together. .

é]ood p]ateﬁets exposed to cdf]agen have been shown to adhere to
it (Hdghes, ]9§é)f probably inktantaneously (Thompson and MacKenzie,
1973), to re]eas% non-metabolic ATP and ADP (Hotmsen, 1965), 5-HT

. (Spaet and Zucker, 1964), enzymes such as g-glucuronidase, acid
« l

phosphataseszpd’adenzlate kinase (Mills eﬂ~ai., 1968), fibrtrogen .
(Solum and SSormorken, 1965), platelet factor 4 (Niewiarowski, -

: e }
© . Farbiszewski et al.1968%. Eﬂate]et factor 3 actjvity (Spaet and“Cintron,

1965) and to aggregate (Hov1§, 1963a; Wilner et al. , 1968). Hovig in
1963 (1963b) empha§1zed the'wmportance of the re]ease reaction in : s
co]lagen-1nduced platelet aggregat1on’when he suggested that released
ADP was responsible for such‘aggregation Haﬁpton and Mitchell (1966)

f 1ater specu]ated that’ co]]agen acted by relea51ng ADP wh1ch was
‘adsorbed onto the p]atelet surface Holmsen et aZ. (1970) have reported'
that protein (thrombosthen1n) -_bound(éDP"nay have a function in the’/
release react1ou More recent]y, Nnﬁh‘(1§72) and Rodman and Penick'
(1973) have quest1oned the necesslty of released ADP for co]f%gen

i (roen

aggregat1on

\3

: 3”'\ ~ The mechanism through which pTate]ets adhere to collagen and

., :aggregate hES been the subJect of cons1derab1e 1nvest1gat1on Wilner
Jet &Z.lln 1968, using acfdasnluble\human co]]agen found that the nat1ve
'structure \tr1p]e heI1ca1) of collagen was necessary for aggregat1on
“They also suggested ‘that free amino groups, specafvca]]y eps110n amino

‘groups of 1ys1ne, were critical for aggregatlon while carboxy] groups
were-of’re1at1vé1y minor importance. Laté*; they (Wilner et ‘al., 1971)

'reported that the reactive sites of dispersed, jnso]ub]e,_hhman, skin

" —ebllagen_ for platelets-involved about 40% of ‘the total available

N ’ . *
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epsilon ahino groups of lysine, and noted that these sites were foune in .
thé central portion of the co]lagen structure, probab]y within polar
segments of the collagen chains. Other 1nvest1gators.(Caen ‘et az.,
1970) also have recognized the impertahce of pogjtive charges located on
the basic groups of the collagen molecufe. “ h
Considerable evidence has accumuleted to suggest hhat platelet

glycosyl transferases may be 1hvolved in the interaction between
pyatelets ‘and co]hagen In 1971 Barber and Jemiesoh’(1971a) reported

- that the enzyme, g]ucosy] transferase wh1ch was capab]e of transferr1ng

glucose to a collagen receptor, had been found in platelet plasma

-membrane! They later (1971b) isolated the epzyme and.gbserved that-it

transferred glucose specifically from,uridine diphosph;te glucose of ~

_p]atelet plasma membranes to incomplete heterosaccharide chains ef
collagen. Inhibition of the enzyme by some known p]ate]et dggregation
1nh1b1tors was found to para11e1 1nh1b1t10n of platelet collagen |
adhesion. Results reported by Bosmann, also in 1971% suggested that two
secreted‘glycoprbtein-g1ycosy1 transferases and two membrane glycoprotein-
glycosyl transferases may funct1oh in the adhes1on of collagen to

l, .
platelets. CheSney and his co-workers, in 1972, noted t co]]agen

cohta1ned g]ucosy]—galactose and galactose side cha1ns Tinked through

" the galactose to h&droxy]ysihe They found that ox1datlon of the ‘
.galactose residue complete]y abo]1shed platelet aggregation by the
co]lagen molecule. Theay suggested.that 1ntegr1t¥ and aceess1b111ty of

this galaptose site could be essential for the formation of a collagen-

enzyme-platelet membrane-€omplex and resultant platelet aggregation.

While these investigators have stressed the cr1t1ca1 ro]e of the
Q“

carbohydrate side chain of co]lagen in p]ate1et aggregat1on, Puett and . -
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Cunn1ngham (1973) havg‘suggested that the platelet- co]]agen 1nteract1on

whxch mediates the releage react1on is mediated pr1mar1]y by the

protein moiety.
: . TN e . ) :
An involvem t of Vitamin A Yn platelet to collagen adhesion has -

_also been reported (De Luca et al. 1972)

“»

As in the case of ADP, collagen has been foundf;p 1owe? qyc11c AMP

e

. 1evels in platelets and some’ 1nve§t1gators.(5a1zman aqq‘Ner1,{1969,

Zieve and Greenough, 1969; Hirsh anéEBOer, 1971, Harwoéd et al., 1952'

Sa]zman“et al., 1972) have suggested that this effect may be associated

w1th its mechanlsm of action. )
The most frequenf]y utilized in vitroltechn%que, employed to

measure and quantitate platelet aggregation and its inhibition, was .

devised Qy Born in 1962 and invoTVes a measurement of changes of

optical density as aggregaticn takes place, 1n a platelet- r1ch p]asma,
suspension (Born, 1962; 0'Brien, ]962, Born and Cross, 1963). Exten51ve
study;by Mustard and his co-workers (Packham et al., 1972) 5;3 resul ted .
in the development of & washed p;atelet system which haé 5159 beén
utilized for study by this ﬁéthod., Platelet suspensions must be stirred
and‘the platelets contact one anggber befG?e the aggregatjon phenoTenoé
will proceed {Born, 1562; 0'Brien, 1962; Zucker and, Peterson, 1965). By
traciﬁg changes in optical density on a chart’recqrd;r as,pTatelets
aggregated, 1nvest1gators havg been able to determ1ne the total degree '
and rate of the agg;égat1on response . The maximum rate of change of
optical dens1ty or the aggregation curve s]ope has frequently’ been

used as a measure of the rate of aggregat1on (Skoza et al. 1967 Mills

et al., 1968; Philp, 1970; Stuart, 1970).

3
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Platelets aggregating in vztro aJso have been observed by a light
scatterlng techn1que (Michal and Born, l971), visually (Hovig, 1963a;
(:; " Jerushalmy and Zudker, 1966; Niewiarowski and Thomas, 1966; Aledort and
jtl(\ N%emétz 1968; Peterson and.Zucker, 1970) and nucrpscop1ca11y (Br1nkhous
et:al 1958; M1tche1] and Sharp, 1964; A]edort and Niemetz, 1968;
Gross et al. 1968 Dav1es et aZ > 1969; Sano et ., 1971), and studied
.. .on isolated de endothe11al1zed rabb1t carot1d arter1al ring segments
| (Blaigdell et al. 1973), in rotat1ng plastic logps (Chandrasekhar,
1967 Dawds and Ho]tz, 1970; S}lver, 1970; Constantine et al., 1971; M
. Michal and Silver, 1971), andﬁ\n gﬁass cap111ar1es (Benneﬁ{et al., 19?0).
Attempts have been made to guantatate aggregat1on by counting the
number of platelets in the supernatant of aggregated, centrifuged
:’blood (Holdrinet et al., 1969; Go?don,and Greshan, 1972) and by measu}ing
) tne filtration pressure effrted by aggregates in wnqle btdod or PRP
~ forced through a filter (Swank et al.; 19643 Stoltz et al., 1972).
In vzvo mechanical st1mu]us injury (Born et aZ » 1964; Emmons

23

® ot al. 1965b; E'lkeles-et al. 1968 Baumgartner et al:, 1973)\_1 yab

»

5 - e]ectr1ca1 st1mu]us inJury (KJoeze 1970b) biolaser units (Fleming e#
Z., 1970, Arfors et al. 1972) and, 1ontophoret1c app11cat1on of
’ aggregating agents-(Begent and Born, 19705 1971) have been uti]ized to

1nduce p]ate]et aggregat1on which could be observed vismally or with .a

m1croscope. ‘Somé 1nvest1gators have injected aggregat1ng agents into

exper1menta] an1mals and observed aggregat1on m1croscop1ca11y (S11ver

k St .Haft, Kranz et al. ,» 1972) or stud1ed fa]]s in in vzvo»p]ate1et counts

[
i

(lafridis et ai., 1970; Simone and Choi, 1970; MacKenZIe, Hendersqn and
. T , ‘ o ' . §

¢ ”
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and Stehbens° 1965; Jorgensen et al. 1970 Benner and Frede, 1972;° A“

.
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‘Steinbach 197713 Radegran and McAs]an ,1972). Hornstra (1§70) has™

deVeloped a f11tér 1oop techn1que in wh1ch a m1crof11ter was p]aced in

N 4

the arter1a1 c1rcu1at}on oﬁ a rat. FoT]ow1ng 1n3ect1on of ADP and

'measurement of changes Qf b1ood pressure before and behqnd the f11ter,

~

he was ab]e to ca}culate the degree of p]ate]et aggregation. - Broersma '

et al (1973)haveused a similar techn1que to study platelet aggregat1on

in response to ADP 1n3ect1on in dogs ‘

~ . - s
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D. The Release Reaction C : ’, ‘ N

v i : <

In 1962 Grette demonStyated that thromb1n -induced" a re]ease from
pig p]ate]ets of 5- HT aden1ne nucTeot1des, amﬁno ac1ds and prote1n 1nf8

" the externa] medium, and appl1ed the term re]ease react1on" to th1s'

o

“ phenorenon (Grette 1962) Numerous substances, many of wh1ch haVe been

noted as: aggrega{\ng agents in the preced1ng section, have since been’

found to 1nduce to vary1ng degrees, the re]ease of p]atelet contents in -

human, as well as some an1ma1wspec1es A part1a1 11st 1nc]udes thromb1n

(Grette, 1962 Ho]msen and Day, 1968) cb]]agen (Hov19, 1963a, Hélmsen, - s

1965; Mills et aZ., 1968),‘adrena11ne and ADP (MacM11]an, 19665 Mills
et al., 1968), 5-HT (White, 1970) f1br1nogen (Solum, ]968), proteO]yt1c
enzymes (Davey and Luscher, ]965 1967), antigen- ant1body complexes

. (Humphrey and Jaques, 1955; Movat Mustard et al.; 1965), v1ruses
(Jerushalmy et al. ]962 Turp1e et dl. 1972), endotox1ns (DesPrez et

al., 1961), and latex part1c1es {Glynn et al. 1965) Because of the

——

extensive 1nvest1gat1on of thromb1n and the re]evance, o this thésis,o
of the, effects of co]lagen and ADP on p]gtglet funct on, the following
d1scuss1on w111 concentrate on release induced by these three agents

o

The,plate]et release reaction Es now understood to«invo]ve the

Y
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extrus1on of substancgs from p1ate]¢t granu]es to the external med1um
(Ho]msen Day and Stormonken 1969) , Stormorken (1969) has suggested
_ that_biood p]atglets, having developed storage*and releas1ng properties,
,aFe;ygry siwi]ér to other secretony cetls in the body. Stored s‘ubftqnq_g_s‘e
are found to be 1oqated in a-granules; densé'&-dranules and very dgnée

bodies.withjn the platelet é}top]asm. Dq&ie a-granules contain.adenine

nucteo}ides (Holmsen, Day and Storm, 1969) and 5-HT (Day et al., 1969),

LY

while in a- gfanu]es are stored 1ysosoéal éhzymes (ﬁgy‘et'az., 1969),

' fibriﬁdgén (Nachman ‘Marcus and Zucker Frank11n 1967) and platelet
A

factor. 4;(Ho]msen, Day and Stormorken 1969) DaPrada et al. (1967)—

.have a]so 1ocated 5-HT 1n very dense bodies in rabb1t p1ateﬂets AT

\

; re]ease 1nducers do not 11berate the_ c0ntents of both granu]aw types,

'for examp]e ’thromb1h and co]]agen Jnduce release from a- granu]es and
dense - granu]es whereas ADP d}Scharges only substahces from the h1gh ‘
dens1ty part1c1es and dense a- granu]es (Ho]msen Day and Stormorken, ‘
1969) Spec1f1ca11y, col]agen induces extrus1on of adenine nuc1e0t1des
(Hov1g, 1963b; Spaet and Zucker, 1964 Ho]msen, Day and Stormorken 1969,~
Thomas et al. ,i7970), 5-HT (Spaet and Zucker, 1964 Holmsen Day and

S;ormorken,,1969) f1br1nogen (Solum and Stormorken, T965;-Holmsen, Day -

)

and Stormorken, 1969), platelet factor 4 (Holmsen, Day and, Stormorken,

o -
- .

... .> 1969; Thomas et al., 1970), lysosomal enzymes‘(Mi11§ e%'&z., 19684,

Holmsen, Day and Stormorken, 1969),'permeabilit¥ factors (Mustard et éZ.,

1965), antiplasmin hctivity“(Joist et al., 1971}, prostdglandins (Smith

et al. 19?3),'and makes available platelet factor .3 (Spaet and Cintron,

1965). ADP releases adenine nucTeotides'(MachTlan 1966- Mills et al., .,

1968; Thomas et al., 1970), 5-HT {Zucker andaPeterson, 1967,,M111s o . 7
| al., 1968; Holmsen,-Day and Stormorken 1969 Mass1n1, 1970), platelet
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factor 4 (O'Brien et al. 1@706-'Thomas:et al,, 1970), prostaglandins . 5
(Smith et al. 1973), and act1vates platelet factor 3 (Zycker and f

Peterson, 1967 Sixma and N1Jessen 1970). A]edort et al. (1971),
" whose results dfffered from thosessf inVestfgators employing exogenoub

T

rad1oact1ve 5-HT & ut111zed a spectrophotometr1c assay to; measure’ platelet
~ 5-HT, and fouﬁa\;ery Tittle of it re]eased with ADP. Substances located
v .1n cytoplasm, m1toehondr1€ or membranes are reta1ned by, the plate]et
dur1ng the re]ease react1on (Casta1d1 et al. 1962 ;oHovig, 1962 Holmsen,
Day and Stormorken, 1969) The:re1eqse proces; is energy dependent
(MUreP, 1968;‘Kihlough-Ra}hbone et aZ.,:]Q??), obtaining ATP from‘;ither‘J
g]ycoiyt;c or oxidative pathways‘ Simu]ta ods blockade of both energy
pathWays has been found to comp]etely 1nh1b1 re]ease (Murer, 19687

Some 1nvest1gators have quest1oned the 1mportance of- extrace]]u]ap
calcium jons (Ca ) im-the release phénomenon. Grette-{1962) conc]uded f
from studies ut111z1ng ethy]ened1am1ne tetraacetlc ac1d;(EDTA) that Ca
was: essential, wh11e later 1nvest1gat1ons (Holmsen and. Day, 1968 Murer,_’ qhn
1968) havé suggested that 1t is not nequ1red for release. Extrace]]u]ar
' Ca++ appearsvto cata]yié the extrusion process (Murer 1972), espec1al1y
as it relates to release of lysosomal enzymes (Holmsen and Day, 1968;
’.Holmsen, Pay and Stormorken, 1969) Mure( (1969b) has suggesteq'thatf
’ mob111zat1on of 1ntrace11u1ar %a may pltay a rdle in the platelet -
re]ease ‘reaction. ‘ | )

ATP, ADP and 5-Hj havé been reported to be releas;d from p]&te]ets
in the same relative prénprtions'as they are present'in suBE!]]u]ar _ -~

granules (Holmsen, Day and Storm, 1969). Platelets labelled in vitro

witﬁil“ciadiposine or adenine and exposed to.collagen or ADP released

S
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non-radioactive ADP, while radicactive nucleotide remained within the

~

cell (ﬁo]msen, 1965; Ireland, 1967; Holmsen et &3., 1972). Intrac®llular

—

ADP concentrations decreased to app#ékimately the same degree as the

- extracellular levels of the mucleotide increased. The poorly-labelled

pool of. adenine nucieotide§, desighatedaas the "non-metabolic" poof by

Holmsen, Day and Storm (1969), was located along with 5-HT within-the

osmiophilic a-granules containing very dense bodies. Almost no lysosomal

enzymes gppeared in these grénu]es (Déyiet'hz,, 1969). Ho]msen, Day and
Storm (1969) have ﬁoted that the ATP:ADP raiio of the granular nucleotides
suggesied that they were released directly from the~graqu1es. " The pooi
of ATP and ADP,'which incorporated the !*C-tabel and which 'was nd%: &
extruded from .the platelet during the release~}éacfion; has been
designated as the "metabolically active" pool (Holmsen, ﬁ;y and Storm,
1369).’ This pool appeared to be made up of ;two functionally different.
pools; the'"reiease energy poq]i reportédd to consist exclusively of ATP,"

. & . )
and the "basi¢ metabolic pool" which’tpok part in gtwcolysis and <A

pho%phoryiation and supplied ATP to the "release energy pool”. It was

the ATP'ﬂrom the "release ‘energy pool" which disappeared intracetlylarly

during rJJease (Holmsen, Day and Stormorken,-1969). ;Reiease energy" '

ATP was completely degraded t6 indsine monophosphate- and to inosine ‘and
hypoxanthine, and none of these breakdown products could be used by the

platelet for the synthesis of ATP (Holmsen‘énd Ro;enberg, 1968).,

, Investigations have_Qempn;t;g;gq";hgg this conversion of ATP to IMP was

initiated immediately following the addition of @ release inducer to
s

platelets (Ireiénd, 1967; Holmsen, Day and Storm, 1969). Following -

‘termination of the release reéction, this cpnversibn.stopped, aftér which

5'-AMP deaminase in the platelet was comb]etely inhibited (Holmsen, Day

-~
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and Stormorken, 1969). Holmsen, Day and Stormorken (1969) have reported
A that these results indicate that the ATP to IMP“reaction may he closely
associated with platelet release and suggest that the’ complete reaction
may be mediated by 5'-AMP deaminase activity. The "release energy" ATP'
poo] has been found to demonstrate some of ‘the characteristi |
muscle actomy051n bound ATP, and Holmsen and his co- worker haveesuggest-
"~ ed that it may be bound td platelet thrombosthenin (Holmsen, Day and
Storm, 1969;_Holmsen et aZ., 1970). ' ‘

a Morpho]og1cal change% associated with release have been shown to
depend ‘upon the aggregat1ng or inducing agent employed Alterations - :,
'fol]ow1ng exposure of platelets to co]]agen (Hov1g, 19623 Rodman and
Mason, 1967) were found to be more marked. than those w1th ADP (?man

et al., 1963; Mills et al., 1968; Sixma and Geuze, 1968). Addition of
co]lagen to PRP (Hovig,.1962; 1963a) resulted in centra1ization of
organelles, pseudopod format1on and aggregation, most of these changes
occukring within one minute. D1s1ntegrat1on of granules and disruptien
of plasma membranes have been reported after tour minutes (Rodman and
Mason, 1967). ADﬁ caused pseudopod formation and centralization of
granules, but with mfninal»degranulatton (Mt]ls et dz;, 1968; Sixma and

Geuze, 1968; Hard1sty et al., 1970}; ‘the amount of ADP, to some degree,

™

. determ1n1ng the final response Rodman’anq Mason.(1967),\emp1oying 3

final concentration of two millimolar (mM) ADP, demonstrated a
centralization of granu1es,‘pseudopod formation and aggreoation, but no
degranulatiop withingone minute. They noted that “the 1nduced changes-
appeared to be transwtory, in that one hour after exposure to ADP most

‘of the platelets had returned to normal. Hh1te (1968a) used 0.25725 mi




ADP which resulted in a change from djseoid‘to spherical configuration,
and centralization of organelles. He reported that this centré]i;ation
was caused by a "contractile wave" of platelet microtdeules and the
canalicular sytem; the granular membranes contacting each other without
fusion. Ho]msen, Day and Stormorken (1969) have noted that gseudopod
fdrmatidn, platelet swellidg and granular centralization arekthe initie]
components of ADP-induced release. N

It appears un]ike]y that granules ere discﬁhrged intact during the
release react1on (Ho]msen Day and Stormorken, 1969) although conflicting
resu]ﬂ! have been reported Hov1g (1968) has suggested that intact
granu]es were extruded only very rarely and noted that this probably was
‘not a part ‘of the release reaction. Nh1te 197§c) has observed granules
and_dense bodies in the bpen eana]icular system of p]ete]ets, uti]izing
.boly?ysine and polybrene to make the platelet granules more electron
opague. Platelet stimulation by cetionic po]ypeptides subsequently
resu]ted in release of these granu1es in‘a relatively- intact state.
Libanska (1967) has suggested that the discharge of a-granule contents
took place,, following centralization, into a co11eqt1nglsxstem without
-lysis within the platelet. It must be noted that fo]]owiné the-loss of
) their.contepts, the grinules migﬁt have d{tered'staining properties and
may not be.recognﬁzed as granu1es (Holmsen, Day and Stérﬁorken 1969). =

Hoimsen, Day and Stormorken (1969) have d1v1ded the release “
reaction into three phases: induction, intrace]1u1argtransmission and

extrusion. /Although the mechanisms involved in ‘the induction phase of

the process.are not well-understood, it is known that many agents, the

- "ultimate effect of which is to induce platelet release, cause changes in
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the p1ate1et surface wh1ch result in 1ncreased platelet st1ck1ness and
some aggregat1on In some way th1s may tr1gger the release response
(Holmsen, Day and Stormorken, 1969) Lusgher and Bettex—Ga]land (1972)
have suggested that the first step in the'reactien:possibly consists ok
changes in the mlatelet membrane which allow granular tontents to be
"empt,ied-into the surface-connected canalicular system. Both cyclic AMP
and activation of 5' -AMP deam1nase have been suggested ag mediators in
p]ate]et 1ntrace11ular transmlss1on possmb]y acting as an, 1ntermed1ate
—between impulses generated at the p]ate]et membrane and the a-granules,
“or a system containing them (Holmsen, Day and Stormorken, 1969). A
number of recent 1nvest1gat1ons have attempted to answer- the quest1on
as to how.gmanqlar contents are released into intrace]]u]ar media. Nhitei-/‘
(Luscher and Betteija11and,.l972); using_cytoehafasin'B, an jnhipttof
of cet]u]ar_eontractite mechanisms, has shown that inhibition af-the

p]ateiEt contractile system inhibited the release reaction; a Tresult

which implies that granular contents -are extruded by contraction of the .

tanalicu]ar system. - weiss‘and Rogers (1973) have described a ser1es of
. patlents whose platelets were deficient in storage pools of aden1ne
, nucleot1des and 1n electron dense granules. ..They found norma] platelet
factor 4 levels in these plate]ets but 1mpa1red re]ease by col]agen3 anﬁ ’.
’ :have suggested that the storage poo1 of ADP may a]so play some role in
the re]ease mechanism. During a study of platelet pseudopod1a, Warren
(]971),ha§ noted multivesicular membranous sacs at’or near the terminal
emd of the pseudopod, at the potnt at which this structure was in contact
?with basement membrang, ftbrin or eseudoﬁodia from other platelets. In
, ,

some of his prepamations, he observed rupture of the primary sae and

release of tNe secondary vesicles within it (Warren, 1971). This sac




. Was at‘first closely pecked with secondary vesicles, bntrlater became
swollen and finally ruptured,freleasing the secondary'vestcles et or.neqr
the terminal bulb of the pseudnéod (warren;ind_!eles::igzgglwiﬂto the '

] sﬁrrodnding medium (Warren and Va]es,'T§7§b). During this'process,
‘granulés were _not extruded from the plateTet and st1T1 coyld be seen in
the pIateﬂet cytoplasm (Warren. and Va]es, ]9723)% Warcen and Vales |
(1972a 1972b) have postu]ated that the:release of vesicles from mut11-
ves1cu1ar membranous sacs is the morpho]og1ca1 bas1s of tﬂp p]ate]et

. release reaction.- Smltheand.covworkers (1973) have recentTy reported

"the formation ‘and release of” prostagland1ns Ez end an in assoc1at1on
with the s1ng]e wave of co]lageﬁlaggregat1on and” the-second phase of -
aggregat1on by adrena11ne “and ADP. They suggested that th1s phendmenon
might be related to the segret1on "of ADP. and 5-HT by p]ate]ets.
In the prevfins section, ;t'was noted that theieggregafjon, caused

* by critica] concentrations bf.ADP- resh]ted dnAa biphasdc agdregatien
response the second phase assoc1ated with p]ateTet release Co]]agen

. aggregataon was also reported to be re]ated to the re1ease react1on
‘N1ew1arowsk? and Thomas (1969) have reported that both p]atelet factor 4 °

. and ADP re]ease occurred in an’ exp1051ve manner at- the beg1nn1ng of- the
secondzphase of ADP-1nduced aggregat1on. Holmsen ‘et aZ (1972), ut111z1ng
platelets containing adenine: nucleotides labelled with 3H and 1%C, in
vitro, found ATPband ADP with low specific radioactivity compared with
that retained by the'cell, to be~refeased during the.second phase of ADP
edgregation: They also noted 'that the ATP-hxpoxanthjne conversion was

- afociated with the second, not the first, '_phase ot ADP-induced aggre-

e

gatjon.f Murakami, Yoshino et al. (195‘&, studying collagen-induced
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'aggregation and release, observed that thg release of ADP occurred at

4

the stage of rapid change of light transm#ssion or a.max1ma1 aggregat1on
_ Because of the essential naturerof the plate]et rele;;e reaction
to the production of an ﬁrreversiblxiaggnegated pljielet plug, anq dnelto
the assoJiatiun of abnormal release patterns with some mild bleeding
tendencies, constderable “investigation has been conducted to study,
usually by inhibi;ion of platelet re]ease,\and to understann the source
of ma]function in the extrusion process. Aggregation inhibitors-can
prevent platejet re]ease in vitro e1ther nn a d1réct or 1nd1rect manner,
that is3 by 1nh1b1t1ng the secret1on of. granular mater1a1 or by inter-
fering with some &tage qf the 1nduct1on process.’ Inhibitors studied
most frequent]y have 1nc1uded non-stero1dal entiJ;nf1ammatony drugs
such as acety]sal1cy11c agid (Evans et aZ 1967' Weiss and A]eqortr u'
1967; Evans et al., 1968; 0° Br1en, 1968b %oussef and Barkhan, 1969;
Doery et al., 1969 Zucker et al., 1969)," pyrazo]e compounds ' (Packham

et al. E 1967) tricyclic ant1depressants (M1lls and Roberts, 1967b

"Mills et al., 1968) and the pyr1m1do-pyr1m1d1nes (Cucuianu et al. 1971)

A

‘Two types of release abnormalities. have been renorted and their
relation to in vivo bleeding disordens disnussed. Some persons with
mild bleed{ng tendencies and a'dgfect%ye release reaétion,have been .
described (Weiss et aZ 1969-'Logan'et al. ,'1971 Papayann1s et a} -
19711(;urakam1, Odake, Matsuda et al., 1972; Weiss and Rogers, 1972),

and others have been found to have d1m1n15hed “storage Epols and abnorma]

aggregation patterns (Weiss et aZ;, 1969; Ho]msen and Weiss, 1970).

" Although most of the investigation on’plaﬁelet aggregation and the

release reaction has been conduc;ed in vitro, recently, ‘Kobayashi and
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Dld1she1m (1973) reported coF]agEh 1nﬂuced re]ease of adenlne nucleot1des .

+ v T

r,, 4 U,
;ym vtvo, foHowing rapid injection of bov1ne tendpn co]]agen 1nto!£he -

femoral vein of Fats. ) "7 _.," <
'?

T 93 - ' ) ‘uan_a’”- i
. * E. Inh1b1tors of Platelet Aggregatnon BN v

.-

* Many compounds have been shown to exh1b1t 1nh1b1tory effects on
plate]et aggregatlon and the release react1on Some ‘of these 1nh1b1tors,
the majority of-which have been stud1ed in vztro, are shown in Tab]e 1.

. These substances are df-varied chem1ca1 nature and conf1gurat1on and no
common mechan1sm can exp1a1n a]l of the1r activities. Ihere are however,‘
several aspects of plate]et function on which.a p]ate]et 1nh1b:tor could

* possiB]y exert its act1v1ty The platelet is a comp]ex cell conta1n1ng - Y

the energy sygtems of gTycoTysis and oxidative phbsphory]ation. It has *
'ibeen shown that~inhibition_or olochade of these systems together, Bbé»

not singf}, resu]ts'in inhibition ot~ADP-induced aggregation (Murer et al. s
1967). Tontractile prote1ns have been found to have a role in a number ‘

.

of platelet propert1es, including the re]ease react1on (Luscher and o
Bettex-Ga]landt 1973). White (Luscher and, Bettex-ﬁalland 1972), ‘ q.i
utilizing eytochaiasin B, an inhibitor of .cellular contract1le mechaﬁisms;

has fhown that inhibitdon_of the p]atele} contractile system prevented

the release reaction and the irreversible aggregatfon assoo?EEEd with it. -

‘Inhibitory,éomﬁounds_may‘a1so exer€>their etfects through iphibition of

o T - plate]et‘énzymés. ASA haS‘beem found.to biock p]ate]et-glufosyl transferL

asey the enzyme possibly responsible for the adhesion of p]atelets to

N~ co]lagen (Barber and Jamieson, 1971b) Alterat1on of’p]atelet compohents
' through donat1on of a chem1ca1 m01ety ‘may be 1nvolved in the activity of

: some aggregation 1nh1b1tors. P]atelet acety]at1on by ASA, for example,

. P v
v - .. -
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~factor in ADP- induced eggredﬁtibn.
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~ may play some role in its-inhibitoryveffects Drugs which block a-. and

g-adrenergic receptors or sulfhydryl groups (Bucher and Stuck1, 1969; -

Mason et al., 1972) have been found to be aggregation inhibitors, probab]y ;

functioning through interference at spec1f1c p]ate]et sites. Compounds .

which haye a stab1]1z1ng act1on on b101og1ca1 membranes (eq. tr1cyc]1c
antidepressants) have been found to be inhibitors of aggregat1on (M111$

and Roberts, 1967c). Some inhibitors may als#-function by increasing

»

the piatelet levels of cyclic AMP, either through stimuiation‘of adenyl

v

cyclase, eg. prostaglandin E; and adenosine (Wolfe and Shulman, 1969§~

Zieve and Greenough 1969; Scot;, 1970 Mills and Smith, 1971; Harwood

et al. 1972), er* by an 1nh1b1t1on of phosphod1esferasef eg. methyl-

xanthines, papaverine and d1pyr1dam01e (Co]e et al. 1970; Horlington and

~

“Watson, 1970; Smith and Mills, 1970, Mills and Smjth, 1971 Pichard et
al., 1972) Recerit 1nvest1gat1ons by Amer and h1s co- workers (Amer and\>

Marqu1s, 1972; Amer and Mayol, 1973) have prov1ded evidence that two forms
of phosphodiesterase exist in human b1ood p]ate]ets The re]at1ve pro-
portions-of the two enzymes were shifted by aggregat1on st1mu1ants and
inhibitors (Amer and Mayo] 1972), ‘suggesting a p0551b1e s1te at wh1ch
1nh1b1tors of aggregation might funct1on.‘ Ca1c1um chelation may also be
jnVo]ved»in the inhibitory activity of some substances:on p]ate1et aggre-'
gation. A number of 1nves¢1gators (Hov1qk 1964; Skoza et-til., 1967;

Ardlie and Mustard, 1969; Ardlie et al., 18705 Cronberg and Caen, '1970:

. Herrmann’ et al., 1970) have described this™-jon as,belng an essent1a1
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Not all aggregation inhibitors produce identical #hhibitory pat-
terns on platelgt aggreéatidn. Some compounds, such,as ASA, have been .

found to inhibit only the release portion of the response, havimg no

L4

effects on the 1njtia1 phase (0'Brien, 1968a; 1968b; Zucker et &Z., 1969;
Al-Mondhiry, Marcus and Spaet, 1970; Cdnstantine 1970; Zucker and

. - C g
’“ﬁeterson, 1970). Other substances such as dipyridamole and 1ts.9nalogues

~

‘ platelet drui?. . o : . - .

“and prostaglandin EJ£ appear to funct?cn through an:inhibition of the

9
initial phase of aggregé%ion (Emmons et al., 1967; Elkeles et al., 1968;

Cucuianu et aZ., 1971; Mills and Smith, 1971; Shio et al., 1972):

Screening studies such as those of Elslager et al.ﬂ(Eis1ager,

Mclean et dZ 1971y E]s]ager Haley et al., 1971; E1$1ager et al., 1972),
. 1,

Lacefield et al. (197]), and Roberts et al. (1972), where a ]arge“ndmpert
: ~

of compounds have been examined, attempt to def1ne more clearly .
. ’ : ' o
inhibitory mechanisms and to discover substances with potential as anti-

L]

L]

F. Sa11cy1ates and the Hemostat1c Mechan1sm

Pl

Considerable 1nvest1gat1on has concentrated on the effects- of

7§a1icy1ate compounds on the hemostatic mechan1sm, and specifically on

platelet function and its 1nvo}vement in thrombos1s and bleedjng dis- ; ' .

.orders. As early as 1916, Gregerson reported thé presence of b1ood in

the feces of\person§ w1th rheumat1c fever who were.receiving sa11cy1ate

therapy (Sm1th and SmTth 1966) In 1943 it was demonstrated that the

1

,’pnothromb1n 1eve1 1n man was decreased by sa11cy1ate adm1n1strat1on,

ASA being niore potent iﬁ this respect than sodium_salicy]ate (Meyer and

-

Howard,|1943; Shapiro et al., 1943).. A few year§ later, Bdunameaux‘and

-
] A 4

-
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Cauwenberge (1954), reported that‘tﬁe administration of sodium salicylate

to rats dectiiged the adherence of platelets'to g}ass. Since that t%@e,

a gfeat number of stydies have been reported on the effee:jfof salicylate

compounds, and in particular, acetylsalicylic acid on platelet function
7

\(O'Brien, 19613 Bloom and Beamish, 1966; Weiss and ﬁ]ed@rt, ]967; Davies
et al., 1968; MacMillan, "1968; O'Brien, 1968a; Weiss e% al., 1968; |
Leongrds, 1969; Mielke et al., 1969; Sahud and Aggeler, 1969; Samter, 1969;

Zucker et al., 1969; Al- Mondhj;y et al., 1970; Stuart, 1970). ASA in‘vivo
or in vitro has been found to’decrease aggregat1on w1th co]]agen (see
sectlon E. ) and*inhibit the second phase of ADP- 'or adrenaline-induced °
platelet aggregat1on (Evans et al., 1968; 0" Br1en, 1968a Zucker et al. _
1969 Mustard and Packhaﬁ-/]970) Th1s inhibition is due to an 1nh1b1tory

effect on the’ p]ate]et release reectlon, espec1a11y the releasé of ADP

e . , “ .
(Weiss and Aledort, 1967; Evans et al., 1968; 0'Brien, 1968a; Weiss et al.,

1968; Berger, 1970; Mustard and ﬁa;kham, 1970), &nd is enhanced by pre-'

incubation with the drug at-37°C (0'Brien, 1968ay Z?:ker,ebf‘,‘ﬂal. . 1969;
) - ; : L& A
Zucker, 1971). 1Ingestion of -ASA in man has been found to inhibit. p]ate1et

.aggregation for up to seven days (O'Brien 1968a, We1ss et al. 1968,

Stuart, 1970). Inhibition of the platelet re]ease react1on by ASA has
# LY

been measured by several meafls, 1nc1udrng the determination of the re:i

&

‘lease of 14C-5- HT by adgena11ne, connect1ve tissue. and ADP (Zucker and

Peterson, 1968, "Atat et al., 1970; Zucker and Peterson 1970), or by
measuring p1ate1et factor 4 re]ease'1nduced by ADP or collagen.
(Youssef and Barkhan,_1969 0' Brten et al., 1970b)

$ _ ' »

A]thpugh the mechan1sm of act1on of ASA on p1ate]et ?unct1on 1s

‘ not completely understood ‘a number of stud1es have suggested an Tmportant

.

)
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role for the‘aéetpxy grodp of the mo]ecu{Z: The drug has_been shown to
acetylate plasma-proteins*(Hawkins et al., 1968"Pinc§ard etvaZ ’ d968a;
1968b; Hawkins et al., 1969; P1nckard et al., 1970) and to donate an .
acetate group for 1ncorporat1on 1nto platelet components (Deyk1n and
Dresser, 1968, A1-Mondhiry et alﬂ, 1969; 1970; Deyk1n, 1970; Puszkin et'al.,
1970; Rosenberg et dz.,"1970; 1971; Okuma et al., 1971). Using ASA

labelled in the acetoXy group, Hawkins ot al. (1968) found that the
compoUndvacetylated,human'serum albumin, while drug labelled in tte

carboxyt group resulted in very little incorporatgbn.g They later found
tﬁat most of'the radioactivﬁty was ta;eﬁ up by albumin in a peptide\
des1gnated Ls "peptide A", probab]y in a 1ys1ne ‘residue. Pinckard et al.
(1970) have reported the presence of at 1east two qualitativaly different

"sites of acetylation on the human serum a]bum1n ﬂGHecule. Youssef and

,;j ~ Barkhan (1969) have suggested that when ASA became attached to the platelet,

o A .

it appeared to do so by the acetoxy group. When the acetoxy grgup of

« ASA waslabelled radioactively and incubated with platetets, this label
- - was found to be taken up by the platelet into membrane, granule and - .

. solub]e fract10ns (A]-Mondh1ry et al., 1969 Al-Mondhiry et al. 1970)
' Y

Such was not the case when the carboxy] group was. Jabelied. Al-Mondhiry and

his co]]eagues (A1- Mondh1ry et al., 1969; Al- -Mondhiry e%,al 1970) .

‘A

found that both labels from 1*C-acetic anhydr1de.and sodium 1“C-acetate,.

compounds with 1nh1b1tory aet1v1ty and no act1v1ty on p]ate]et

aggregat1on respect1ve1y, were also 1ncorporated into platelets. Based

. on these observations,. they suggested thajt;ie ab111ty of ASA to

acetylate platelets might accod%t for its ta1ned effects in vivo (/‘,

. . »‘\

(A] -Mondhiry et al., ﬁ969). although metabolic 1ncore?FatTGﬁ
of acetate could not .be excluded (Al -Mondhiry et ql., 1970). e
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Rosenberg et al. (1971) utilizing acety1-3H-ASA and carbokj]~1hC-A§A, .
found that the carboxyl-14¢C was_not {ncorporated‘in vitro jnto rabbit:.
plate1ets and that the degree.of uptake of acetyl-3H depended on the
concentration of ASA and the incubat}on time. They reported ‘that the
degree of‘inhibition of aggregation, in genera] para]]eled the uptake

, of acety1-3H by ‘the rabbit p]ate?ets: They also noted that acety]at1on
J‘Jprotein) ahd acetate uptake were separate processes which could be
p1st1ngu1shed by 11p1d protein 1abé]11ng d1str1but1on An in vivo study ’
has also added support to the hypothesis that the acetoxy group of ASA
may.be involved in the sustained in vivo inhibjtory activity on platelet
aggregation. 0'Brien et al. (1970a) examined the effects of some anti-
inflammatory drugs’ on human platelets, notiné that indomethacdn the ) ' -
most potent 1nh1b1tory compound examined, had.no acetoxy group and 1tsr
effects were short-Tived. In contrast ASA and benory1ate, both w1th
étetoxyagroups, had persistent 1nh1b1tory activity; ASA w1th‘a more ..
labile acetate radica] being the more potent in‘this respect'(O‘Brﬁen
et al. , 1970a).' Pinckard et al. (1970) have suggested thatfa sinole
surface receptor or eniyme-was permanentIy,int1uenced by the,a'cetyl'ation~
byiASA.' The fact that the in vivo effecfz of ASA per51st for up to
seven days (O'Brien, 1968a;—weiss et .al., 1968;75tuart, 1970) may add -
support to this hypothesis. ' ‘
°LabeHed acetate has been shown to be readiiy incorporated into
‘b1ood plate]ets Deykln (1970) reported that of incorporated rad1o-
‘act1v1ty, 35% appeared in granu]es 8% in dense bodies,.4% in large q
‘membranes-and 53% 1n;the so]ub]e,supernatant .0f acetate taken—up by
“?af_pﬂate}et 1ip+ds§—0kuma~et al. (1971) noted_that 1ncorporat1on took

»
>
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place primarily into phosphatiayl‘cholines, trig1xcerides,‘ceramides;
free fatty acids and phosphatidyl ethanolanines. Puszkin et al. (1970)
:haVe demonstrated the presence of labelleqvacetate “in newly synthesized
prote1ns in human p1a€?1ets
, . Some of the 1nh1b1tory effects of ASA on platelet functTon'nmy“be i
re]?ted a? the ability of the drug to a]ter platelet metabo!1sn (0 Br1en,
*1968;?3;1] et al., 1969; Doery et al., 1969; Murer and Holme, 1970).
ASA has béen shown to inhibit glucose uptake, increase the utilization of-
g1ycogen‘and‘oxygen untake, and’ to reduce total ATP levels %n a washed De
p]atelet‘sﬂ§B§h§iﬁh‘af‘ﬁighrconcentrations (50mM) (Doery et al., 1969).
Lower concentrat1ons 1nh1b1ted glucose uptake (Doery»et al. 1969),
-1ncreased the level of p]atelet metabolic ATP (Ball et al. » 1969), and:
‘ inh1b1ted the co!]agen 1nduced breakdown ‘of rad1oactJve“AIP to IMP, ‘to
-an extent proportional td the degree of inhibition of re]ease (Ba11 et.
al., ‘1969). Some investigators:(He1nsen,»Ba[J and Storm, 1969), as
notdd in section'D {The Releage Reaction), have'suggesfea.that this
~conversion of ATP to IMP may pravide energyffor the re]easé reaction

Muenzer et al. (1972) have reported that the thromb1n induced 1ncrease

in oxygen consumpt1on in human p]ate]ets was 1nh1b1ted by ASA : ASA has

not been reported to a]ter p]atelet cyc11c AMP levels (Ba]] et aZ 1972{:%

Amer and Marqu1s, 1972, Sal;Tan and Ne1senberger, 1972) ’ Amer and Mayol

(1973) described the presenge of two forms of the enzyme phosphod1esterase

(I and II), from human platelets existing in édu111br1um. .One of these . , .

: “a . -

ferms, phosphodiesterasé 115 was found to be exposed during collagen |
aggregatlon and thg, relative proport1on of the two ernzymes was shifted .

by- aggregat1on stimulants and 1nh1b1tors (Amer and Marquis, 1972)

o #
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Aspirin has been found to shift‘thismequilibrium toward phosphodiesterase
I, an-effect which may be related to its inhibitory activity on platelet
aggregation. . o, ) ; /’

A

A large number of enzymes including some found in platelets have
) . . |

“been found to be inactivated by ASA. Gorog and Kovacs (1970) have

reported that the drug inhibited'the catt- and»Mg++- activated ATPase
activyity of actomyosin in smooth miscle.. It is possible that this;cgm-
pound may have similar inhibitory activity in"platelets. ASA has teen
found to(ighﬁbit glucosyl transferase, the enzyme possibly responsible
for theyadhesion of platelets to collagen, in‘the,same'relatiVe propor-
tioh that it inhibited platelet to coﬁ]dgen adhesi;n (Barber and

Jamiesoh, 1971b). dther'investigators (Ts'ao, 19703i3ehk3ﬁs et al.,

‘ 1973) have also suggested that ASA may exert some of 1ts 1nh1b1tory

act1V1ty on the platelet release reactlon through 1nterference with the
adhesion of platelets to co]]agen. e

0'Brien (1969) has reported that ASA stabiiized p]ate]ét mehbranes
and suggested that thls;membrane protective effect or its act1v1ty on
membrane-bound enzymes may be involved in its actlon on p]ate1ets

Evidence has accumulated to demonstrate that ASA mnh1b1ts prosta-

glandin synthesis in platelets, an 1nh1b1t1on which may be assoc1ated

_with its activity on platelets (Smith and w1111s, 1971; Kocsis et aZ.,

1973). Prostagigndin production by plate]ets hes Been found to be

abo]ishéd,_a]dng with the second phase of adrenaline-induced aggregation,

i human PRP, for as long as'three days, following the ingestion of ASA

_ {Kocsis et azt,w19731A Sod1um sa]ity1ate did not produce these effects
- (Kocsis et al., 1973). Leonard1 et a? , (1972) have prevented the effect




of ASA on thromb1n-1nduc%d p]atelet aggregat1on by’ preincubating c1trated
PRP with arach1don1c ac1d the precur!or f prostag]and1n E, synthes1s
The 1nh1b1tory effect of ASA on the synthesis of prostagland1ns by
r~p1ate]ets would appear to represent a paradox as the prostag1and1ns
themselves are potent aggregat1on 1nh1b1tors : R
Sodium sal1cy1ate is not as effect1ve an inhibitor of platelet
aggregation as, ASA (ﬁvans et aZ 1968 0 Br1en, 1968a). In some studies

it was found to have no effect on co]]agen 1nduced re]ease (O'Brien,

1968b; we1ss et al., 1968), while in others it 1nh1b1ted aggregation‘by .

' 'collagen antigen- ant1body complexes, gamma g1che11n coated part1c1es,

and thromb1n (Eﬁans et aZ 3 1968) Dav1es qet al. (1969) have reported
that sod1um salicylate was effective in 1nh7b7t1ng p]ate1et c]umplng
in native PRP-or ¥resh human blood.. -
ASA, in relatively small doses, hads been shown to resu]t in a Y iv
prolongatlon of the bleeding time (Beaumont et al., 1955 Rlatrix;. 1963,
; Gast, 1964; Quick, 1966a; 1966b; Weiss ‘and Aledort, 1967; Mielke et al.,
| 1969; 1973), and has been observed to worsen b]eedingAtendencies in
persons who have.a'hemoshatié'defect (Kéneshiro,efsal.:’1969; Mielke q£‘°
1969"QuiEk 1970) Quick (1966b)la]so feund that unlike ASA, 4
sodium sallcylate had no effect on the b]eed1ng;$1me, Weiss (1968)
has suggested that the 1ncreased bleeding time following the 1ngest1oﬁ .
of ASA ma}'be a resh1t of impaired platelet aggregation due io inhibition
of--ADP releasé.‘ ) | o
It has heen1khbwh for many years that ASA may, in some individuels,'
produce gastrointestinal bleeding. The subject has been exfénsiveﬂﬁ"

reviewed by‘Smifh and Smifh (1966). The ho]e of-platelets, oﬁ'more




’ o | specifically, ASA-inhibited p]at?]ets, is not well understood. Morris
R (1967) has suggested that‘partiof the reason for gastrointestinal bleed-
ing associated with the'ingestion:of ASA isﬂreiated to its interference

with plate]et;ﬁunctfbn or with an aggregating factor. !

-

S Data fréﬁ'aanumber of in vivo studies on the ef?ects of sal¥gyfate
comppunds on platelet function and thrombud formation have been -published.
ey ' In some of these, ASA has been found to redhce the 1ncidencerof
exper1mental1y induced thrombosis in dogs . (Ne1ss et aZ., 1970); reduce :
,: sthe 1nc1dence of format;on of occ]us1ve thrombi in rabb1ts, comparable

- ‘ doses of sodium sa]1cylate be1ng w1thout effect (Peterson and Zucker,

1970), décrease The amount-of deposit (Evans et al., 1968), ‘and intibit
thrombus formatian (Herrmann et aZ 1972) in e&tracorporea] shunts in

rabb1ts, reduce the jadhesiveness of p]atelets to (Lindsay et al. \ }ﬁ33)

- and the 1nc1dence of thrombus format1on on (Lindsay et al. ]972(¥} ) }

"y

j Zucker et al., 1973) d1a1¥s1s membranes, markedly inhibit the prod&;tion
r g

of thrombos1s 1nduced by 1ntravenous endotoxin-in hyperlipemic' rats #
.- ' (Renaud and Godu, 1970) ; and reduce the 1nc1dence'of adrena11ne induced

- I‘. '
_myocardial necrosis in dogs (Haft Gershengorn et al., 1972). UtiTizing —

¢

1ontophores1s to 1nduce cn,a.vo plate]etgaggregat1on in the hamster .
cheek pouch Begent and Born (197]) have foznd that ASA" had 1nh1b1tory o
act1v1ty. In this sxstqn,sodlum sa11cy1ate was Hemonstrated to be
several times 1ess potent than ASA in vtvo ‘ _

-A number of thrombot1c d1sorders have aJso been repprted to benef1t”_

from therapy w1th ASA Perhaps the 1argest study was comp1Eted befoxe’

the present 1nterest in ASA and plate]et funct1on developed. In:1956,

.
. .
' ’ vl .-

. . . .
s Dr, L. L. Craven, a general[practitfoner in Glendale, Ca[ifornia; ,




’ reported his experienEe‘with ASA gn‘the prophy]a*%k af eoronary and ‘53
cerebral thrpmbos1s. In 3 5 pdy lacking stringent controls,
- he prescr1bed two ASA tabTets per day-and obtained resu1ts over a per1od
of seven to ten years on 8,000 men Dr. ’Craven report1ng his results

1n a re]at1ve1y obscure journal the Mﬁss1ss1pp1 VaiTey Medical Journa]

'1n wh1ch they rema1ned bur1ed for a number of years, stated that "Not© - o
‘a single case of detectab]e coronary“!s;erebral thrombos1s occurred - dtl

' among pat1ents who had'fa1thfu11y adhgred to this reg1men" (We1ss, 19f1)
-Vreeken and van Aken (}971) have noted that spontaneous aggregat1on of
p]ate]ets probab]y isa cause dk 1d1opath1c thromb0515 and recurrent . .

~ painful "toes and ﬁ]ngers They have descrwbed‘threevsuch cases wh1ch

were a1ded by the use of ASA L Mu1t1p1e ep1sodes of trans1ent monocu]ar
b11ndness, occurring’ secondary@to retinal emboli/, have been reported to

."be abo]1shed by the, adm1n1strat1on of the compojhd (Munda]] et al.

1972) Hughes and Tonks (1968) have observed tTat certa1n types ‘of

-human puTmonary 1nfarct10n have responded to long term ma1ntenance'

treatment with AS

. a .
» > < N

Based on th above evidence, one might be forced to agree with

1nvestlgators who have suggested t;at ASA shou]d be admlnlstered iR ”'
cond1t1ons which pred1spose to thr mboembollsm (Bow1e and Owen, 1969; "

- Wood, 1972) However, all of ‘the” exper1menta] data reported haS‘not'been—*—r*
. S0 encouraglng Arfors\et al. (]972) found that. ASA had no effect on

platelet reactivity at S1tes of b101aser~1nduced endothe11a1 injury 1n

rabbit ear'chamber preparat1ons _ggghos et azl,(]972) gave ASA ¢rally

.or Tntravenous1y to dogs ut111z1ng a catheter electrode to inducd-

) .
,coronary or femora] artery thrombos1s (and found that thrombus f rmat1on




) . 69
.in all animals receiving the drug was similar to that of the control
group, although in seVeral a»mma]s the thromb1 cappeared smaHer..
' {’atlents with rheumato1d a‘r'thr1t1s, who were recewzng ASA, .have been
'fd’Howed by Ispmak1 (1972), and found to have as many- m_yocard1a1
1nfarcts as persons tak1ng ASA on]_y occas1onaHy or not at all. In a
/ S
doub]e bl‘ind tr1a1 to study postoperat1ve deep vein thrombosis, ASA was
found to have no effect (‘Butterﬁe]d, 1973). - It has, also been no'ted
that the ‘drug does not effect the Toss. of p]ate]ets on prosthet1c heart
’ valves (Harker and Slicht r, 1970). T '
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111 METHODS

Normal’ Subjects

‘ . -“"i.'

A. .Selection 6f Blood Donors

. - 'Malé'and'female voTunteers, who were either laboratory personnel or

students ﬁn‘hea]th sciences at The-Unmiversity of Western. Ontario? donated

<.

b]ood.fp; the aggregatlon and rad1oact1vé Jsogope 1abel]1ng stud1es

{

LVThese subJects were between 20 and 40 years of aje, with no. h1story of a

-t " bleeding d1sorder, and they had not taken any med1cat1on for at least-

d ',seven days'(see Append1x I).

3 J ' Y s

“p]ate1et funct1on. Because of the essent1a1 nature of ADP 1nduced .

N e

- “d?d not demonstrate th1s pattern were excluded
.

14 s

\ ‘.
"s

"The volunteers were questioned ab to drug )

'Jq- N - e ™ S\ - )
e RAR Ttai tienés"t,

To study the poss1b1e relat1onsh1p between gastrorntest1na1 (G.I.) .

l‘

3 @

ey

1ntake emphas1s be1ng p]aced on those compounds known to-alter normal

‘ b1phasrc aggregat1on responses te—the study, those vo]unteers whose—PRP

-

P hemorrHagexandzn vttro Sensitivity of p]ate?ets to ASA 1nh1b1t1on, three

: :: ’ groups of pat1ents most of whom were male (age 29- 80 mean«5046 x: ),

. v - / adm1tted to St .Joseph's Hosp1ta1, London Qntar1o were selected

h

, T group, cpnta1n1ng-11 patvents w1th a d1agnos1s of upper G I.

: ’£“,‘ .‘* had. taken-ASA within 96 hours of the onset of the1r‘ﬁ5éed1pg eplsode

One

-

hemorrhage, -

e

-

A

) ‘.£m; - second group; cons1st1ng of ll pataents w1th upper G I hembrrhage, had

S }-.-", not taken ASA for several weeks, 1nsofar as. could be determ1ned bis: care—

-

"~
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, | ‘ - b
ful questioning A third group comprised 11 patients who had no clinical

signs of G 1. bleeding and who were admitted for a variety of- reasons,
none of which Tnvolv&d blood 10ss or any Other condition which might
‘affect platelet function ‘
Patients with Upper G. I hemorrhage were defined as‘those on whom ’
"the admitting diagnOSis was made ciinicaliy and on the basis of meiena
"and/or hematemesis. "ASA administration was defined as. the ingestion of Y
any &}ug containing any duantity of the compound. Qatient se]ections for

the study were made by a'gastroenteroiogist (BF. 4- I -Borda, ASSistant '

Professor, Department of MediCine ~The UniverSity of Nestern Ontario), .

~ >

< " . and patient interViews were conducted/by a registered nurse (Miss Chery1
Eidoidge, R.N.) specially trained in interviewing orocedures for a drug_

adverse-reaction surveillance programme ., Patients téking any medication ’
‘ : s
known to affect platelet function (see, Appendix I) were exciuded from the -

‘

investigation The blood sampies were all coded and 1aboratory persdnne]

s - conducting the various “tests were unaware of the case histories of. the

i . . . . o <
oo donors A ‘ o K

a . . . . N & - a \ . “+

B. Co]]ection of Whole Biood . I : T : f' ' R ¢

whole'biood was coilected from a Vein in the antecubitai fossa of the -

\ human subJects, u51ng ‘a 30 ml. disposable syringe (Plastipak w1th Luer M
{i '," S ‘Lok Tip -Becton, Dickinson and Co R C]arkson Ontario) ano al9. ga .one in
| .thinhwailed, short beve], or 20 ga. one in. needle (Becton, . Dickinson . N
‘and Qo-) Nine, nﬂ of wgfie bTooddwere anticoaguiated by miXing w1th E ) ‘

o 0.9 ml. of 3. 8% trisodium citrate (McArthur Chemical Co. Ltd., Montreal

T’ AU Quebec) in 13 X 100 mm Pyrex bioiogicai test- tubes (Fisher SCientific




P

C. ngparat1on of Platelet R1ch Plasma

. sect1on of .PE 160 tubing (Clay Adams Intramed1c Polyethylene Tub1ng-

: Supplies-Ltd ).; A1l PRP was adjusted to a fimal count of approxlmately ;"

. o N
. . . . ° 4
- B Y -
LY - 2
. - [} 7 2
- ) . .
. o

. . .

.

Co,'Ltd. Toronto Ontario). Alt'glassware contacted by whole blood or
platelet -rich plasma was coated with sulﬂcone (S1l1clad 6lay Adams-

Canlab Laboratory Suppl1es Ltd Toronto, Ontario) -to. retard platelet

adhes1on. e ’ : S -

% , .

For/fﬁ'“greparat1on andgcollection’ of . platelet -rich plasme (PRP),
the tubes .containing- the C1trated whole blood were centrlfuged at 750 x L

g for 4 m1n (Intenmat1onal Cl1n1cal Céhtr1fd§e Model CL,.E&ternatlonal '

7

Equ1pment €o., Needham Heights, Massachusetts, Uu.S.A. ) By m&ans of a

5 mT, g)ass.syringe,. (Becton Dﬁck1nson and Co } to wh1ch a short ~

F1sher Sc1ent1f1c Co.) was attached the PRP was removed‘and placed in

J

7
a,l5 ml. Pyrex conical, graduated centr1fuge tube (Canlab Laboratory

300 boo" platelets per mn3.  If the PRP platelet count was higher ‘than

th1s, thekPRP was d1luted with the same -donor's platelet poor plasma N
(PPP) wh1ch was prepared by cenbr1fugat1on of the remaining c1trated ' o
blood at 750 x g for 15 min. when the pl let count in the’PRP w;;

less than 300 000 per mm3, thefPRP was concentrated by centr1fugat1on ,

‘©

’ . - ) -

- and removal of’ appropriate amount of 'PPP- at the top of the’ eentmfuge

tube.

D. Platelet Count1ng v o - . 4" g

k-4

Platelets were counted v1sually by a mod1f1ed method of wr1ght ..

(1941), u51ng Spencet Br1ght L1ne hemocytometers (Amer1can 0pt1cal

Instrument Co., Buffalo New York, U S.A.) and Dade Tri- Lyne blood ‘
. . '.g'




"

. diluting bipettes (Canlab Laboratory Supp11es Ltd: ) The brilliant

t
. cresyt b]ue-EDTA p]ate]et count1ng f1u1d had the f0110w1ng formu]a

e

. Brilliant Cresyl‘Blge ‘ - 0.25 gm.
i NaC] - R © 3.38 gm.

EDTA Dtsodva D1hydrate -," ’ L 4.25,95..'_
~ R
“,Forma11n SPES e 10.00° m1.

Distilléd Water q.s. ad. 500 m.

1
~

’Br11]1ant cresy blue dye powder was obta1ned from Br1t1sh Drug Houses
¢

(Canada) Ltd., Tpronto, Ontar1o, NaCl- from McArthur Chemical Co. P Ltd.,’

EDTA from F1she Sc1ent1fﬁc Co., and forma11n frbm‘Ma1]1nckrodt Chem1ca1

“Works, Toronto, Ontario. - =
S ' , .\-a

s !

P]atelet Aggregation Stud1es

The p1ate1et aggregometer is an 1nstrument wh1c‘\measures changes
1n 11ght transmission occas1oned by. the convers1on of ﬁfatelets from

o

the dispersed; 1nd1v1dua1 form to large clumps (aggregates) in responsei
\to anlaggregat1on strmu1us, and cuanges in both rate and extent of |
aggregat1on can be,recorded In theapresent investigation, p]atelet

- aggregatton was stud1ed by means of a. Born Aggregometer (Roya] Co]]ege of
: Physic1ans and Surgeohs, Loidon, EngTand), the samp]e conta1ner of which_

' :' was. mod1f1ed to accept.8 x 75 mm. cuvettes #Bryston Manufactur1ng Ltd\e‘ .
Tofonto, 0ntar1e), and, thus perm1t the use of small (0. 35 ml'?‘ BP ‘
samples ,,Temperature dn E\e,cuvette ho]der of/the aggregometer,was

‘ ma1nta1ned at 37" degrees cent}grade (°C) by mkans of an-attached water ’
,bath and a Grant pump and thermostat1c COntro1‘yn1t (Grant Instruments

L3




’ ToKyo Japan) was attached to the aggregometer Standardizatﬁon of the'“"‘.'

Ltd. Cambridge England). To folTow and quantitate aggregation

patterns a R1kadenk1 Model B- 141 recorder (Rikadenki Kogyo Co. Ltd.,

4recorder was carried out as outT1ned in the "Detaz]ed WOrang Instruct1ens
accompany1ng the Born Aggregometer w1th ow (O.D. at 550 my,lcm. 11ght
path= 0.57+ 0.002) and high (0.D. at 550 my,lcm. T\'\ght path2 1.55% 0,025) -

Tdensity latex'particle suspensions used as reference standards " PRP was_

p1petted in O 35 ml. aliquols 1nto cuvettes and allowed to stand at
3

’ room temperature for approx1mate1y 30—m{:\ ‘before begannlng the exper1-

ment Short maghet1zed sections (0.14 0.145 in.) of 18 ga. ‘needle
N $
styTet w1rew(Becton, D1ck1nson and Co. ) were used to stir the PRP in the

aggregometer, the magnet1c st1rr1ng motor at wh1ch operated at approx1-

mate]y 1250 r.p.m— For the ADP study, a m1n1mum concentration of the o

E

v

aggrega11ng agent wh1qh would y1e1d a biphasic aggregat1on.response,,
was,se]ecteé PRP wh1ch did notshow thgs b1phas1c aggregation pattern
was. discarded To study co]iagen-aggregat1on a standard vo]ume (0,3

ml. ),of co11age@ksuspen51on was added Add1t1on of the aggregat1ng

- agents and sa]1cy1ate ana1ogues was made~w1th m1cro syr1nges (Ag]a

-

.

T Micrometer Syr1nge Qutfit, Burroughs Wellcome and.Co., London, England

/

G11mont Instruments Inc.., Great Neck New York U.S.A.). Prior to -
P

/
aggregat1on each samp]e was incubated in the waterbath at 37 C for four '
~
m1nutes Fo!10w1ng this per1od PRP- samples were 1ncubated 1h the s
s N .
aggregometer and st1rred for one m1nute before add1t1on of the

1nh1b1tor drugs and/or aggregat1ng agéht To study the effects “of "in-
cubat1on time on the 1nh1b1tory act1v#ty of, the sal1cy1ate ana]ogues,

these compounds were added‘to the cuvette prlor to 1ncubat1on in the;




waterbath for four or nine minutes. The samp]es were then fncubated ip
“the' cuvette thHér of "the-aggregometer anE’st1rred for one minute
beforé’add1t1on of the aggregat1ng‘agent Aggregat1on by ADP was allowed R
to continue for at Jeast f1ve m1nutes fgom‘1ts 1n1fxat1on "while that

by co]lagen was‘fol]owed for at 1east five m1nutes after ‘the delay

phase of the aggregation respoﬁﬁ%, The 1hh1b1tory gffec;s on ADP- and

collagen- inéﬁced-aggregation of the salicylate amalogues shown in

\
Figure 1 were studied. Each analogue was tested at various final )

concentratioris with the PRP of 10 different donors.

F. ' Determination of Platelet Adhesiveness

For the'détefmination of p]ate]et adhesiveness; 2.5'ml. of citrated
\»ﬂ

‘whole- b1ood were forced vertically (by a portab]e 1nfus1on-w1thdrawa]

LA

. Rump - Harvard Apparatus Co.f Inc ,M11hs, Massachusetts, U.S.As)

through a 5.0 gmu column of glass beads (0.45 - 0.50 mm. diameter -
Y . - ’

Caniab Laboratory. Supplies Ltd.), contained in a 2.5 ml. disposable

syringe’ (Becton’ Dickinson and Co.), at the rate of T.Oﬁmll pef min.

_'The'pefcent adHESiveness was an expression of the percentage of.

‘platelets retained on the bead co1umn, ice: © s )
7 % adhesive platelets = ) : - - . -
: ’ : 4 - (Platelet count, ”y - . e
. “rinitial platelet, ° following ‘passage c
( ) - |
— count” _ . *~ . through co]umn x 100
; . . ‘?1 . injtia]fpfatelet count L
' 'Qi Source of-Sqﬁply of Sal1gy]ate Ana]ogues , . ; R 4
. Acéty1sa}]cy11c ac1d (ASA)and sod1um salﬁcylate wereuobtalned frbm
— " “Merck and Cq., Mentreal, ngbec, 4-amino sa11cy11c-ac1d (sodfum salt);‘ L
‘/ K ) ‘ ! ‘. a . .
3 - ' 9 .‘
s ;s "‘f.- ’Q
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(PAS) was acqu1red from Br1t1sh Drug Houses. The remaining sa]iéy]ate
ana]ogues were syntheszed by Dr. ‘M. H1rst Department of Pharmacology,

The Un1vers1ty of Western Ontario, by the referenced methods: 3- -acetoxy-

benzoic acid (MarshT;] et al., 1942), 4-acetoxybenzoic acid (Chattaway,

1931),;2-prppoxybepz ic acid (Hoftsee, 1952), 3:propo /benzoic ecid
(Hofstee, 1952}, 2,3- d1acetoxybenzo1c acid (Simokoriyama, 194LY, 2;4-d17
acetoxyben201c acid (S1m0kor1yama 1941), and 2,6-d1acetoxybezzoic acid
- (Hunt et al., 1956). The rad1pact1vé aﬁa]ogues 1-1“§-acety1'sa1icy1ic
acid, 2,3-qi(1-1“c) acetoxybenzoic acid, 2,6-di(1-1%C) acetoxybenzoic
aéidAand’2-(1-1?Ci\proppxybenzoic acid were'also synthesized by Dr.‘h.‘
Hirst (see Appendix }f?.. The term propoxy used in this thesis -denotes

_the moiety CH3CH,CO- and is an abbreviated form of propionyloxy-.

Preparation of Drug§ and Reagents

¢ All drugs and cpmpounds ut111zed 1n the aggregat1on)study were
dissolved in 0.9% sa]1ne The concentration of the: aglenosine 5'-
d1phosphate (d1sod1pm.sa]t from equine musc]e— ;:gmaﬁcpem1cal Ca. ,.St:
’ Lou1s Missouri, U.S.A. ).(ADP) spock solutJon‘was 2.5 x 10-"M. It was
) kept frozen unt11 used ' The stoek solutione'of the saficy]ate anangue;
were 5.5 x 10- 3M w1th >sodium sallcquzé and PAS a]so prepared at 1O°1M
AT 6”these so]ut1ons/were made da1ly, 1mmed1ate1y ‘prior to thelr use.
A f1ne particle suspens1op of coLJagep ;eé prepared by a hzgh]y standar-
/dized techn1que3 which consisted essent1a1T’/pf gr?nd1ng anCéd Tyoph1~ ~w-"~,';
- 11ze¢—and~sgredded—bov1ne achilles tendon (General , B1ochemtcals Chagr1n
“Fa]ls Ohio, U. S A), 1n a Sorval Omn1 Mixer (A111ed Sgignt1f1c Co , Lfd.
Scar;grough 0ntar1o) and removal gf eoarse”materaal,by ceptr1fugat10n -

(see Appendix III) . R : e




_;7§.~ Measurement of Aggregatxon Curves-

T

In the present study, the slopes of the f1rst and second phases of -
ADP-1nduced aggregation curves were measured aﬁong with the;curye he1ght .
"at the end of. the first‘phdse and the total curve height-afterhfiVe
minutes aggregation'(ng. 2). ; The slope of the aggregation curve, the
‘ tota1\curve height after five minutes and the duration of'the de]ay phase
- ‘before aggregation were all measured in studying co]]agen 1nduced

e

aggregat1on (Fig. 3)

<1

J. Statistical Analysis:

Paired T-tests (two-tail test) were utilized to determine the-

r.‘ -

- - statistical significance of, observations. The aggregation parameters of
)

A . . .
a treatment cu‘(e were codfpared to those of a neighbouring control

— ’ - ’ ‘
sample, aggregated'within 10 min. During the experimental procedure,

o ///(”’—_ ' control‘PRP samples were tested at the'beginning bf"the experiment, at

&
the end “of ‘the experTment and after every second tr1a1 sample. Saline

contro]s were performed per1nd1ca11y !

K. Radiocactive Label Study | ot

. The possible relétionship between thetdegree ofiinhfbition of, '
Ao ) platelet ajgregation qnd;tbe'exteht'gf acx}atiqd:of components of the
. platelet was investibated as tol]ows5 PRPikl 5 m] ) from five-donbrs,
(whose PRP demonstrated the normat b1phas1c aggregat1on response w1th l

2

ADP) was pipetted 1into Eppendorf 1.5 m} micro test tubes (Br1nkmann
Instruments, Rg;da}é’—aakar1o), and ma1nta1ned at 37° by a Thenmohyne

" Dri- Bath_ Heater (F1sher Sc1ent1f1c Co.). In,cases where the ana]ogues “ o

< i

>

-

A were incubated in the PRP, th1s was done ‘at 37°. P
’ .o s - e o, - ]

Y T i ’ P
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L 1%C-1abelled acyl salityl%te compounds were added to a final

cohcentfationiof 12 x 10°5M or 24 x 10~5M. These samples were reacted
Id M .

J ., ., UL . . : .
for either minimal time (zero minutes incubation), 5 min. (5 min.
K Q .

incubation) 10 min. (10 min. incubation) ) The platelets were

‘ 1soTated pr1or to determ1n1ng the level df incorporation of rad1oact1v1ty,

‘by centr1fugat1on at 15,000 r. p m. (12,0007x g) for two minutes in an
Eppgndorf M1crocenfr1fuge (Brinkmann Iqstrqments)i The PPP was -
rgmovedrand a 100ul. sample withdvawn with a ﬁeder§en constrictioh

i %icropk?ette (H. E, Pedersen, Copenhagen, Dehmark) for liquid

scinti

°

3at1on count1ng The platelets were washed w1th a modified

Tyrode!sl solution (in whiéh the divalent i@ns were exchanged for Na+
and K+)(see.Appendix,IV) by,addi%ion of 1.5 ml. of the solution to the -
tube. They were r%fsdkpgnded with the aid of a stirring rod (P]umperA-
Calbiochem, Los Angeles, gé]ifornia, U.S.A.), re-centrifaged as above,
and the wash phase femoved. This:hrocess'was then repeated. The
p]atelet ‘button was then washed into a glass counting vial (0. H.
Johns, Toronto 0ntar1o) with 5 ml. of XDE sc1nt111at10n solution..A
further 5 mi. of the sc1nt1]]at1on f1u1d was then agded to the vqa]

~XDE sc1nt1llat1on §olut1on was prepared accord1ng to the following
formu?a. f ‘. _ e e i‘ -

it4-dioxane
.,4;}enes}
absbluié alcohol
napﬁth$1ené
- PPO
'POPOP




-

- ' [}

The 1,4-dioxane (sc1ntana1yzed) and xylenes were obtained from Fisher
Sc1ent1f1c Co., the abso]ute alcohol from Commercial A]coho] Ltd.,
Scarborough,,Ontar1o, the naphthalene from British Drug Houses, and
'PPO and POPOP from Amersham/Searle, Oakville, Ontario.

A11 radioactive samples were assayed by liquid scintillation
codnting using @ Unijux IT (Nuclear Chicago Corporation, Des Plaines,
I11inois). Counting was continued until a minimum of 10,000 counts
above backgﬁbund were obtained. The raw counts were converted to

d1s1ntegrat1ons per m1nute (d.p.m.) after estimation of the counting

eff1c1enc1es of ‘the samples by inclusion:of a ;a¥culqted quantity of a-

ER

standardized n;hexadécane reference sample (Amersham/Searle). The
efficiencies of the PRP system and the PPP system were-86.0% and 88.5%
, respectively. Although the PPP yielded a s1ightly cloudy counting '

. < .8
sample and the platelet button produced a sample containing so}id

particulate matter, there was no significant loss of‘bounting efficiency.-"'

This was demonstrated by.prior experiments in which prOte1n dlssolv1ng
NCS sc1nt1]1at1pn fluid "(Nuglear Chicago Corporat1on) vas employed.

To study the effects of 1nh1b1t1on of metabolic processes on the
uptake of radioactive label by humanrplatelets, o]igomycin (Sigéa -
Chemical Co.) was prepared in 95% a1coho1,’tn a concentration of 2.5 x
1072M. LItawas stored in a desiccator in a freezer. Ol%&pmycin,:in a
final concentratien of 10-5M was incubdted at0372 for ]5 ﬁin in PRP"

which had been kept at room temperature for approx1mate1y two hours

following recovery from whole blood. After this 1ncubat1on, labelled

compounds were added to a final congentrat1on of 24 x 10°°M for 10 m1n.

following which the platelet button and PPP sample were isolated for

o5



)
~

By

counting as described prevfnusly.
A chleroforn:methanol (2:1)\extraction was performedKBt 37° for
five minutes on labelled p]atelet buttons to remeve that portion of the
label associatéd with platelet lipids. Fol]owing‘the extraction, the
button and a nertion of the extract were remoyed tor counting of the

]

radioactive label. ' ) .

eTo study the effects of cell disruption on the uptake ‘of 14c. ’

acetaﬂe by human p]ate1ets,ﬂ3 ml. of PRP dg?e subjected to sonification

(90 watts) for 15 sec. with i,Son1f1er Cell D1srupt0r (Model 185 D -

_Heat Systems - U]trason1cs, Inc., P]awnv1ew, New York U.S.A,).

Following this procedure, any cel]u]ar mater1a1 present was isolated by
-~

centr1fugat1on ‘inean Eppendorf m1croceﬁtr1fuge at 12,000 x g . for 2 min.

.Th1s materlal, as well as a 1.0ul. sample of the supernatant was

) col]ected for scintillation count1ng

[ 4

-

14C-acetate from.14C-ASA was determined in healthy human voluntegﬁ%.

Before administration of ASA to these individuals, their platelet

2 §

86

The effects of in vivo ASA administration on the “in vitro uptake of

- e i} . . .
furiction was studied with ADP to assure that their platelets were reacting

in the normal biphasic dattern. IRadioaCtive uptake by these platelets
was exemined with a final concentration of 24 x 10~°M 14C-ASA incubated
for 10 min. The subjects were thep given 2 ASA tablets (600 mg.) (Life
Brand, Carnegie Laboratomes Mississauga, Ontama, and 2 hrs. later,
.another blqod sample was col]ected PRP was prepared to determine the

effects of the ingested ASA on ADP-induced platelet aggregation, and on

_ the uptake of 14G- acetate from labelled ASA at a f1nal concentrat1on of

24 x 10’5M and incubated-for 10 min.

R e I
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L. Gastric Bleeding Study - Laboratory Tests

In ,the gastrointestinal bleeding study, a number of'laﬁoratonx tests

were performed to determine if significant abnormafities were'pre§ent'

W'

) < in the hemostatic mechanism. Bleeding time was determined b& the Ivy

technique (Ivy et al., 1935). " The hemoglobin concentration was measured
. . -

by the cyanmethemoglobih method (Dacie and Lewis, 1963), in a Coulter

' - . fﬂ Hemog]ob1nometer (Coulter Electronics Co. , Mississauga, Ontario). A
’ microhematocrit- technique (McGovern et al., 1955) was ut111zed“to : .

determine the hematocrit value. Prothrombin time was measured using
a commercial thromboplastin - calcium chloride reagent (Simplast}n,
Warner - Chilcot¥ Laboratories, Scarborough, Ontario) YLeﬁghaﬂ and .

Phillips, 1969). Act1vated Thrombofax (Ortho D1agnost1cs Corp. ,

]
KA

Toronto 0ntar1o) was used in the determ1nat1on of part1a1 thrombok S
p]ast1n t1me (Lenahan and Phillips, 1969). "The thromblrhclott1ng tnme

, was evaluated utilizing topical bovine thrombin (Parke-Davis Laboratories,

N

betroit; Michigan, U.S.A.) (Owen et aZ..‘1969). The fibrinogen titre —
i t }{ .\
A

was measured, the fib}inogen standard’beihg supp1ied:by Dade”(?ade .o ;y}

Laboratories fnc.,'Miamf,,Florida U.8<A.) "(Clauss, 1997). Eug]obu]in

Lys1s time was determi ned using the method descr1bed by\Buckell (1958)
L . . .

b F1br1nogen degradation products were estimated by the g
Pitcher (1971). Plate1et factor 3 assays were performed by the techn1-
que of Hardisty and Hutton (1965). Platelet aggregation was studied as

L4

described previously.
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IV RESULTS .
4

& * N

/”""” \: Lo, N { -
A.  Normal Respanses _ . i;\

The mean, platelet count,”before adjustment, of the 160 plasma

famples used in the aggregation:studies, was found to be: 410,000 per -

-of concentrat

a

mn3+102 ,000 SEM.

t - ., “ : . - N X ’
Platelet aggregation curves obtained with ADP and collagen were

similar to those described by many other investigators (bonstantine,
ﬁl 1966; MacMillan, 1966; Zucker and Peterson, 1558).\ When a. suitable .

_concentration of ADP _was used to ?nduce aggregation, the response took

-~ .
plad"'1n a biphasic manner (Fig. 4 B). Concentrations of ADP-°below this

- «

level produced 4, re]atlvely sma11, -reversible aggregat]on response

(Fig. 4-A) wh1ch was 1ack1ng-the second aggregat1on.phase, while addition

-

H‘s, greater than that produc1ng the biphasic pattern, ‘

resulted~1n\aﬂmepg1ng of the two phases and a monopha51c, 1rreveY51ble

W

aggregation (Fig. 4-C) A typ1ca1 p]ate]et reponse to the collagen °

suspension, shown in F1gure 5 cons1sted of an 1rrever51b1e, monophas1c

""' . Mo iers
o A

aggregat1on fo]low1ng a delay 1n.anset . i/‘fﬁg} - Y

\

\pne of the peqﬁ1iar features of the'platelet-rnch p]asma system. 1s

-Al A AR SN

that ‘the sens§t1v1ty f6 aggregat1ng agents of PRP, appears to be reduced

'when 1t ¥s f1rst co]]ectéd One muat allow PRP to stand for approx1mately

\...»/ 1

30 min. to avoid changes in sgns1t1u1ty*dur1ng exper1menta1 procedures.
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Figure 5
é . i
Collagen-induced human platelet .
aggregatioﬁ response showing a

de]aylphase followed by a
o

monophasi%\irreversiple aggregation
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‘distribution of these values.

~ASA," an aétivity which was near]y all-or-none in nature, it was not

93
Figure 6 illustrates these changes as they occur in }eéponse‘to ADP,

Curve A was predgced by PRP which was_aggregated ﬁmmediate]y after cgl-

lecting it from whole bfood.. Ten miqetes after‘witﬁdréwal of the PRPS%

~ the aggregating activity had 1ncreased'(Fig. 6-8), and by ‘20 min., when

\the plasma activity hadastabi1ized, the sensitivity had iqcfeased ko fhe L

point at Which the two aggregatien phases had merged (Fig. 6-6). It_caﬁ
be seen from Figure 6 that commencement‘U:ae:experiment to study¥
aggregating agent: sensitivity or inhibjterf\igtion, prior te the time
when the PRP has stabilized, could lead to mis{nterpretation of resuTts.
The critical concentration of ADP necessary to induce a biphasic'

aggregation response was found to vary from one individual and from one

PRP sample to another, the mean vaTue be1ng 4 4 x 10 ®M (+2.15 SEM) for

108 PRP samp]es from 64 different 1nd1v1duals F1gure 7 shgys the

B. Effects of Sa11cy1ate Ana]ogues on Platelet Aggregat1on

h |

To study the inhibitory effects of ASA on ADP- 1nduced aggregat1on,

1

" a f1na1 concentrat1on of ASA~wh1ch would Just inftibit the second-phase

response was employed. Because of the h1gh degree of act1v1ty shown by’

>

poss%b]e to establish dose-response relationships with ASA of ADP

aggregation. ~ For the ﬁSA-col]agen aggregation study, and to demonstrate

" the effects of the remaining analogues on both ADP-.and collegen-induced,

?gregatmn, fixed fmﬁ'! concentratwns of the sahcy]ate compound were .
tilized. These were 55 x 10 5M, 35 x 107 5M, 24 x 10°5M, 12 x.10° 5M,
and 6 x 107 °M in the cpllagen study and 69 x 10 5M, 43 x,10-5M,

#29 x 1075M, 15 x 1075M and 7.5 x 1075M in the ADP study. The

o -~ .
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N

l ,SEM (P<0.02) respectively.

inhibitory effeéts of higher final concentrations (1072M, 6.3 x 1073M,
4.3 x 1073M, 2.2 x 10?3M, 1.1 x 10-3M) of sodium salicylate and PAS on
}R_/ caj,lagen aggregat1on were also determined. ' |
When the salicylate analogues were added to PRP, 1mmed1ate1y prior
to the addition of ADP, only ASA exhibited considerable inhibitory
The'mean,T%hreshold,'concentrafion,'i.e., the lowest concen-

- ~ ‘
tration which completely inhibited, the second phase of ADP-induced

activity.
aggregat1on was found to be 5.2 x 107 5M (£ 1.07 SEM). Although there
was some 1nd1v1dua1 var1at1on among PRP samples, in general, ASA' con-
centrations above.107*M tended to tgta]]y inhibit the-second wave of ADP
égg?egation. _Figure 8 shows the effects of increasing Ebncentratjons of
ASA ovenr é narrow range of fiﬁa] concentratfons on AbP-induced aggrega-
tian; the lower concéntration reducing the second phase,andrhigher ones
inhibiting iylcompletely. ASA pad'oni} minimal effects on the first

_phase of ADP aéaregation. It phroduced a slight inhibition of first

phase sjoqg, but had no effecfs on the first bhése height. At coﬁcgn-;t
trafiohs up to 69 x T07°M, neither sodium salic}]ate nor PAS demonstrated
any statistically gignificant inhibitory'actfvity‘dn ADP aggregation.
This was also true of the ‘monoacetate ahalogues, 3—acetox§benzoiécacidJ
and 4- acetoxybenzo1c acid {see Append1x V). o )

0f the diacetoxy compounds, only 2,3- d1acetoxyben201c ac1d demon-
strated much inhibitory act1v1gy. At a f1na] concentration of 69 x 1075M,
it reduced the second phase slope and total curve fieight of ADP-induced .
aggregataon responses by 71.8% + 20.62 SEM (P<0 025) and 31.6% * 10@09
In this aggregation study, in which the.

salicylate analogue was not incubated in the PRP, the 2 ,6-diacetoxy

. “4_
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, : ‘ | 101
derivative had'just the opposite effect. At a concentratidn of 69"x - - v
1Bq5M, it increased, or potéhtiated.significént]y, the second phase‘
slope (63.1% + 22.66 SEM, P<0.01) and the total curve height (29.6%)t Q.SG
SEM,P<6102) of the aggregétion‘response. "The 2,4;diacetoxy analogue also |
“had slight potentiating acfivity»(seevépﬁendix V).
, The two propoxy anaiogues, 2- ybenzoic acid (PSA) and
3=prop6xybenzoic acid were both founzrzza.

a_-

in' vitro ADP-induced platelet aggregation. The 2-propoxy compound

have significant effects on

.displpyed inhibitory activity and was secdgd in potency onl} to ARR.
At a final concentration of 69 x 10 5M, the second phase was completely
abolished in all cases, and the total cu;ve héight was reduced by 35.2%
+ 9.54 SEM (P<0.01) (Table 2). In contrast, the 3-propoxy derivative
pqtentiatég)the second phase of the adgregation resbonée, increasing the
slope by 86.6% + 22.05 SEM (P<0.001), and the total curve height by
33.7% + 4.08 SEM‘¢P<O.601), at the same concentration (see-Appendix V).
Added to PRP in a final conceatration of 69 x 105M, neither the 3-
propoxy analogue nortthe.2,6—di;2etoxy derivative alone, {nducéd
platelet aggreéation. | . ‘-
In the study of the inhibitory effects of sa]ic&late analogues on
collagen aggregation,'onl; ASA demonstrated mugﬁ activity without
\7incubation of the drug'prior to addition of the aggregating agent. The
effects of inéreasing ASA concentrations are shown in Table‘3: ‘ft these
concéntrations,'and without incubatioq, ASA did not pro]ﬁgg signﬁfiéﬁntly
the collagen curve delay phase. The 2,3-dia¢ét6xybenzoic acid derivation
at 55 x iO'SMAreducéd ;hé collagen curve slope by 34.4% + 8.79 S@h
(P<0.0{) and -decreased the '‘curve height by 25.1% + 9.04 SEM (P<b.025)

qQ

\
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QTab]é:4). At high final contentrations,(]O‘éMT, both sodium.salicylate
and PAS, were found to" inhibit co]]agen -induced aggregation. 'dedﬁﬂf\‘
sa11cy1ate redtced’ the co]]agen curve slope by 82 % + 3.88 SEM (P<0 001),
decreased the curve he1ght_by 53 8% * 8.14~SEM (P<0.001); énd prolonged
. the curve delay phase by 127.82 * 17.75 SEM (P<0.001) (Tab}e 5); PAS
reduced the collagen cufve elope by 48.5% t_6u2€ SEM (P<0.001), . ‘
~ decreased the curve height by 24.9% * 5,07 SEM (P<0.001), gnd.p}oddced‘
a slight, but nonlsignificght pedlongetion of the de?3y phade‘(Tablenﬁ).

<

At concertrations similar to those utj]f;ed with ASA; with ano 1ncuBation,

' N R
4 . . " *

so%idm sa]icy]éte PAS, 3-acetoxybenzoic acid, 4-acetoxybenzoic acid,
\né 4- d1acetoxybenzo1c ac1d 2 6-diacetoxybenzoic acid, 2- pr?gpxybenzo1c
" acid and 3- propoxybenzo1c acid demoﬂ€f¥ated no signifiocant act1v1ty on _,
collagen=1nduced p]ate]et aggregation (see Appendix VI).

‘ Figures 9, 10 and 11 show the effeets of no incubation, Semin.
incdbation,ﬂand 10 min. incubation, on ﬁhe'inhibitory acpiv%ty of ASA,
2;3-diacetoxybenzoic acid,|21kdiacetoxybenzoic aeid amil 2-propoxybenzoic
'acid (PSA), at varioJS cdncentrations; on callagen-induced aggregation.
Both the 2,6-diacetoxy analogue and the 2-propoxy compound required at
“least 5 min. ihcueation time before they exhibitéd any significant |
inhibitory activity (Fig. 10). ASA-and the 2,3;diace;oxyjeqmpound were o
found eo have significant activi}y with no idcubation. Afteﬁfjo min. )
incubatfon ASA was still the most poteet inhibitoey analogue a]thdubh
" at a concentrat1on of 55 x IO°5M the 2-propoxy compound demonstrated
S1mi1ar act1v1ty (Fig. 1])1 At the h1ghest concentration studied, the
2,6-diacetoxy analogue was ebout one-half as potent, after 10 min., as

ASA, and the 2,3-diacetoxy derivative, which showed significant

-
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inhibﬁtory-effeet§ without incubation, was the least potent of the four
compounds aftet 10 -min. |

The relative potencies of the inhibito;y compounds are presented
in Table 7 which lists the analogues acco?ding to the‘minimum concentration
completely fnhibiting the second phase of ADP-induced/aggregation
Table '8 describes the relative potenc1es of the most potent 1nh1b1tory>

compounds _ incubated fpr 10 min. , on co1lagen aggregat1on curve slope
ol

and height.

'
Lod

C. Uptake by PRP Components of Radioactive Label from 14C-ASA

and its Ana]ogues
- ~ ( “s
. *  When the 1*C-labelled compounds, ASA, 2,3-diacetoxybenzoic acid,

2,§—diacetoxybenzoic acid and 2-propoxybenzoic a¢id (PSA) were added to,

- or incubated with PRP, and the plateléts isolatéd by the technique

described in the Methode seqtion, radioactivity was found in both the
platelet button and the PPP supernatant. ~The majority of the radio-
actlve label remained in the latter (Table 9). Acetate or prop1onate
incorporation into 1so]ated p]ate]et buttons was found to be dependent

on the concentratlon of the labelled compound and the duration of 1ts
incubation in PRP (Table 10)p With all four 1%C-labetled compounds ,

the incorporation of"radioactivfty ihto p]até}ets increased sifnificantly

over the ten minute incubation period (Table 11). The rate of acylation

. was highest with ASA, reaching an incorporation of 0.07% + 0.007 SEM of
- ‘ , , .

added activity with no incubation and 0.23% % 0.024 SEM following 10 min.
incubation. Lower incorporations were obtained from the other compounds'
Similar degrees of p1ate1et 1abe111ng were produced by the 2,6- d1acetoxy
derivative (0.11% + 0.009 SEM with 10 min. 1ncubat10n), and the
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Table 7. Minimum Final Concentration’of Salicylate

Analogues Completely Inhibitiné ADP Second

., Compound
Q
ASA

2-propoxybénzoic acid

© 2,3-diacetoxybenzoic acid .

- sodium 7alicy1ate
PAS -

-

Phase Aggregation

L1

&

Analogue Concentration

1 x 1075M

15 X 10-5M

' 45 x -10-5M
69 x 10-M
100 x 10-5M

o



. Compound - Lo

~

Table 8. Final Concentration of Inhibitor Incubated for.

ASA

*
bl

)
2-nropoxybenzoic acid ™
L

2,6-diacptoxybenzoic acid

%

2,3-diacetoxybenzoic acid®

of Collagen Curve

Curve S]bpe :

3 x 10-5M
24 x 10-SM

50 x 10-M

.

F oy 55 x ]O'SM .

29

" 10 min., Giving Approximately 50% Reduction

Curve Height

6

35

55

100

x 10-5M-
.x 10-°5M

X jO'SM

x 10-5M




r~
-—
-—

. ’ ra—
‘ n ~pLoe 510zuaqAxododd (Jy1-1)-2 = ¥Sd-Dn1 e
: PLO® Jr0ZU3qAX03828 (J4r-1)LP-9°2 = ¥0-9°Z-Dn1 ‘
PLOR 310ZU3GAX02398 (Jy(-1)IP-E°2 = VO-E°Z-Dnr
. . H pLoe uWquanmﬁzuwum-u;H-_ = <m<-@:ﬁ.

: S ® . {,
pl0°0 %26°66 6000 ¥ 68°66  YL0'0.F 68766  420°0'F Li'66 . Ol 1z ‘A
LI0'0 ¥ £6°66 €L0°0 ¥ L8766 GLO'0O ¥ 68°66 ., 9€0°0 + 08766 ] S . el o
600°0 * 56°66 010°0 H.Fm.am \ G00°0 * ¥6°66 L10'0 ¥ /8766 - S s ¥ ”

600°0 ¥ 96°66 6000 ¥ 26°66  S10°0 ® €6°66  ¥LO'0 F [8°6&_ S 2L
£L00°0 + G6°66 $00°0 * L6766 L00°0 ¥ L6766 L0070 * W%hmmbxkiii‘ - T e
' £00°0 % [6°66  £00°0 T L6°66  S00°0 ¥ 96°66  L0Q'0:T £6°66 S0 2l .

L)

¥Sd-J+41

¥A-9°2-D41

Va-€°2-dnt

. <w<|U¢m -
- . (tutw) awi)
' ©ouoljeqnoul

(Wg-QlX) “ou0)
bnaq Leuty

-

ddd UL BaLuLRwAL [3GR| PIPPY %

.

_ spunodwod oum—wa—mm palL9qe| 3y3 03 dyd 30 aunsodxa mc_qu_om“nﬂw

jueleusadns ddd ul Buiuiewsa [aqe| m>wuumo*vrg 40 Judaudd "6 I|qQel

s - -
A

- ~ ¢

v .




. xuradmum upmmn <m< u:r.uo Sw4al U1 vmamﬁzuﬁmo.éav "8°N JJ

¥
- ? - .a . )

.

. 3 R . . .
. s A v « 4 “ e
. N

F G°SGE 69°¢c ¥ 2°LS Sy OLF L°LS vL'6 ¥ ¢°26 : oL .
F 9°GL om.m ¥ 0°0¢ : me¢.ﬂ 8762 SL L ¥ E°LY A ot
7,.£°02 Sy T 9'Zy 862 FHULE 21l 928 g ‘
FE'6 - gg'z 7 8°8l . $5°'c ¥ £'81 8L°¢ ¥ 2712 . S
*FL1e o 08°L F 9wl 89°1L Hmw.mp | ¥8°2 ¥+ §'6¢ . - 0 ‘
99 L0 %99 gL'l = £°ql, 69°L ¥ 0°plL - 0 )
"¥Sd=Jn1 ¥0-9°2-0n1 * VQ-€£°2-Jn1 B 1N R T S - .
— - = —— s, ("utw) awp] "(Wg-0LX) *du0)
wdp ueaw. s3a|9jeld AQ [aqe| dAL3deOLpRY 40 ayeidn - . uoijeqndouj
3 L 4 . \ : 5 - -
Asavv 23nuLw Lwa suoLyeabaguLstLp 241 AQ vm:FEprmv se vgum .

v

o~o~:mnxxoaoga Z2-Jn1 4O vpum uFON:mnxxoumumnv 9°2-J41 ‘PLO® uwoN:mnhxouwumpn m 2- u

‘YSY-Jy1- Q1 ddd 40 aunsodxd buimo| o} s3alajeld Ag aqel| m>ﬂpumonmp jJo wxmua: Le3o})

y '




MM ) - T B , ] .
v«p, - . - w\v\
— ... . L . — .
- 1 2’ L
- . - . 3 . r h
- ) \ . ) .
. - ) B ‘ Eum uwoNcwnxxonmgn (Dq1-1)-2 .n.. <m¢ ui ) . .
. ’ pLJ® 210Zu3agAxo3ade Auﬂ -1)1p-9¢2 = <o 9°2-dnr - ' o
o ) ) pLoe 210zuaqAxo3ade Gi L)LP-€°2 = VQ<€°2-Du1 . o,
. e~y . pise oL1AoL1eS|AI90R Do = YSY-Dep .- g
y J _ - : -
¥10°0.% S.PAKm@o.o FILO tl070 F LLO pzororco . . ol . 7 ‘
[10°0 % £0°0  €10°0 ¥ €1°0  GlO'0 ® LL°0 <900 ¥.02°0 oL | AN .
.600°0 ¥ G0°0 . 0L0°0 ¥ 60°0 50070 ¥ 90°0 £10°0 ﬂ.m_.o\f o s < e,
: coe T v - RN
$00°0°F ¥0°0 600°0 ¥ 80°0 S10°0 ¥ £0°0° ° .plO'OF EL'O - sT .. a* C o
o £00°0 ¥ §0°0 000 ¥ £0°0 L0D°0_F €0°0 1600 ¥ 00 T 0 RS A
£00°0 ¥ €0°0 , €00°0 ¥ €0°0 ' S00°0 ¥ ¥0°0 . L00'0F L0°0 L 2
¥Sd=dny  ,  ¥@-9°2-0nr 4 YOEf2-Duq VSY-3n1 N
; . ] . ("utw) eur) Ew.o,_é "ouo) g
s . (W3S ¥ upaw) s3a|aje|d Aq 19qeq aALjoeoLped 3o ayeidn ¢ uotjeqnoul bnag Leutd .
. - - . : : R T ¢ @ 7 ,, ) / ,
- © - mm:mo:x_m w.ﬁm;u/:mm uo:mamp Bun 03 did 40 aansodx§ ! . A -
. ar ..}n . y 4 _: Aﬁ. 3 , . * nc
. ) P mﬁ;o:om coﬁsn 93303 uL |3qe| m>5umo€2 mo JuddUed L1 3LqelL . e .
. & , o / .
_ ’ - N N ‘ - .‘v . . . s




120

A
P

v | N N

e e

~

- ) } 2,3-diacetoxy isoﬁer*(o 11% + '0 014 SEM with 10 min. incubation) and

J least incorporation occurred with the 2- propoxy‘bbmpound (0.08% = 0.014
SEM with 10 min. incubation). Figure 12 shows Ege effects_of incubation
time on the 1nh1b1t1on of aggregation and_the uptake of radioactive label
from ASA 2 3—d1acetoxybenzb1c aaid, 2,6- d1acetoxybenzo1c ac1d and
2-propoxybenzo1c acid and thetr rad1oact1ve ‘analogues incubated w1;h
PRP at a concentration of 24 x 10~5M°for 10 uin. '

Oligohycin signif%éuntTy inhibited, ‘to varying deérees, the
p1ate1et uptake of labelled acetate from\\he three- acetate labelled
compounds studied at a final concentration of 24 x 10~5M, and incubated.
in PRP for 10 min. Incorporat1on was decreased by 50.2% + 7.85 SEM
(P<0.05) with ASA, 59.2% + 3. 97 SEM (P<b 01) uigh 2,3-diacetoxybenzoic
acid, and 33.9% + 10.47 SEM'(P<0 05) with 2,6- d1acetoxybenzo1c acid.
Uptake from 2—propoxyben201c acid was also reduced, 29.0% + 8.69 SEM,
but not significant1¥'(P<0.10), following 1nbubétiou uith this - .
metaBo]ic inhibitor " J:‘ o ' ’

After 10 min, 1ncubat1on3w1th the 24 x 1073M concentratlon of the
\

labelled analogues, a 5 mip. ehlqroform:methanol (2:1) extract1on

- caused a reduction of approximafe]y 50% ofﬂrgdiohctivity Temaining in
the platelet button. Following the procedure, 52.4% + 6.78 SEM of
uctivity ffo; ASA, 54.8% + 7.91 SEM from 2,3-diacetoxybenzoic acid,
53.4% + 5.65 SEM from 2 ,6-diacetoxybenzoic acid, and 51.8% + 12.10 SEM

from 2- propoxybenzo1c ac1d were still present in the isolated button,
Son1f1cat1on resu]ted in the destruct1on of approximately 90% ?
‘ (aS determined by counting) of platelets in the PRP samp]e. The proce-

dure reduced 1“C-acetate uptake from 14C-ASA by 84.2% + 3.55 SEM, from
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T4co2, )3- d1acetoxybenzoxc acid by 64 6% + 16.11 SEM, and fnawm 1L’C 2,6~ -
:d1acetoxybenzo1c ac1d by 87.5% + 1 54 SEM. l

’ ﬂdm1n1strat1oh of 600 mg, of ASA to 5 hea]thy volunteers whose
PRP showed normal b1phas1c aggregation patterns with "ADP, resu1ted in.
- ‘ the presence of charaeter1st1c, small, monophas1c, revers;b}e,aggregat}on
- responses - two hours later. At this t1me, isoTated olatelet bUttons from X
’ the PRP of 4 of theEe 1nd1v1duals, a]so demonstrated a decreased ¢not .

signiffcant) capac1ty (by 26. 5% 12. 84 SEM) }"‘Tﬂtﬁf&/‘jié radicactive .

label from 14C-ASA, 1ncubated for 10 min.. in the PRP.
@ o g : ,
D. ~ Salitylates and Gastrointestinal, Hemorrhage = . ¢ .

In the study of'gastrointestihal b]eeding and the role of abnormal

b3
~  platelet funct1on in th1s phenomenpn, severa] 1nterest1ng resu]ts'were

, obtained. As might be ant1c1pated both "b]eeder groups had signifi- "

_cantly 1ower hemoglob1n and hematocr1t values than the "non bleeder“u..
control group (Tab]e 12) Ibere were no srgn1ficant d1fferences in,

. these values between the two "b]eeder" groups. No sta¢35t1ca11y signi-
ficant differences. were found - -among the three groups, w1th respect to .-

" bleeding }1me, whole Blood p]ate]et count, prothromb1n time, part1a1 (
thrombop]astin'time, fibrinogen titer, euglobulin Tysis time, thro;bin
t{me, fibrinogen degradation products, apd platelet fﬁctor 3‘re1ease'

’,A“' There Was_ a]so no 51gn1f1cant difference ampng the groups with respect
: to the plate]et adhes1veness a1though this value was lower than that of ¥\:

h : the controls (45% + 9.8 SEM) in both the: "b]ee ers", who had not taken

ASA (41%' 6.4 SEM), and in the groupfwho hyd taken ASA..{36% + 6. 7 SEM)

The efTects of in vitrg ASA on ADP induced” aggregat1on in'the . :

-

7
.
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Table 12. .Hemoglpbin,and chmat;ocrit Valles
(Means £ SEM) » )
. B v ~ : . o
. . ol Hemoglobin : Hematocrit o
\ ' o~ . L .
: . Controls . o L. 18.9 £ 0.51 44,2 £.1.41
6.1 Bleeders = 11 . 12,7 :0.88 3423 .
(no ASA) : © T - *p<0.05 *p < Q.025 .
) : 0- . . N \ i
4 ' ’ - , ~ ' N . .
_G.I. Bleeders -~ ‘117 . 12.5:052 - 37.1%1.20
(with ASA) f " '.*p < 0.005 P < 0.005
B ) ? ;’ . '"}‘ ' ‘ . O w ) !
- ":/'_‘ ‘
¢ ' -7 ) "
% J*ovs. controls ' ¢ : ‘
o * ; v~
. . “ ‘. “
L v
1
) - i
e - / \
* L < ‘
9 5’




"bleeder" stody, are'shown in Table 13. In both "bleeder" groups, .
s1gn1f1cant1y less ADP was requ1red to ‘induce second phase aggregataon,
and more ASA was required to inhibit this secondﬁphase than in the
control group. ‘
‘ The results of the collagen- ;nduced aggfegat1on study of G.I.
"hleede?s" are shown in Tab]es 14 and '15. No s1gn1f1cant d1fferences
were found 1n the responses to collagen among the three study groups,
although the p]ate]ets of the patients «in the two "bleeder" groups

were slightly more reactive (Table 14). There were, however, signifi-

¢ant differences with respect to pertent. inhibition of do]]agen’aggrega-

.’ ‘tion by in vitro ASA (Table 15). ASA, at both 3.5 and 5.5 x 10-M,

inhibited the rate and degree of collagen aggregation to a significantly

greater extent,jn,the:ASA "bleeder" group than in the control group, or -

in the “h]eeder".grouo not having taken ASA. At a final concentration

pr§L§M5;lQ:fM,‘the drug inhibited the slope of the collagen aggregation .
curve by 82’5% 4-70 SEM in the "bleeders" who had taken ASA, and by
§9.5% 5.08 SEM and 64. 2% 7.2§ SEM, respectively, in the contro]
group, @and in the "bleeders" who had not taken the‘drug. The collagen
aggregation curve height was inhibi ted b;ﬁz7 5% + 5.9 SEM 1n the ASA
"b]eeders", and on1y 52. 1% 7’44 SEM in the controls, and 45 9% + 6.95
SEM in the "bleeders“fnot having taken ASA.

-
In the fo]]ow-up study, it was poss1b1e to examine on]y the plate-

.

lets of two of the 1nd1v1duals, whose b]eed1ng ep1sode a year previously
had been associated with ASA 1ntake, ‘and four of'th\ "bleeders” who had
-not taken the drug. A year after the initial investigat%on, the
increased sensitivity of the "bleederg" platelets to ADP no 1onger'

/ | - -
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Table 13. In Vitro ASA Inhibition of ADP-induced Aggregation

Group

Controls

r

' G.I. Bleeders
(no ASA)

- [ .4
G.I. Bleeders
(with ASA)

* ys.

=

n

11

controls

-

ADP concentration
(X10-6M) ‘required
for release (bi-
phasic aggregation)
mean + SEM

9.8 + 1.99

2.4 +0.27
(p<0.005)*

2:7x0.41 Se
"~ (p<0.005)*

°

ASA concentration
(x10-3M) required
to inhibit release
(no second-phase
aggregation)

5.5 £ 1.29

10.0.+ 1.34
(p<0.05)*

12.6 + 2.054
(p<0.01)*
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‘existed, and the amount of ADP réquirgd to induce a biphasic aggregation’.

response was similar to that found in the %niﬁia] control group, or’in

normal healthy vo]untéé;s. One individual, whose platélets f%jlea to

show the normal bjphasic aggregafion paftern in the initial'stggy,

dempnstrated the séme response one year iater. v '

Although the reéa]led groups were t&é small for.stqtistical ‘

comparison, the platelets of-%he ASA "b]eeders" again appeared hore
sensitive to in vitro ASA inhibition of colIagen -ipduced aggregat1on

‘ than those of the pther ;;oup In vitro ASA (5:5 x 10-"M) 1nh1b)ted the

slope of the collagen aggregation curve by 7].6% + 3.03 SEM in the

"bleeders"” in whom ASA intake had been “implicated as an important. factor

in their bleeding ep{sodé, and only 57.9% + 21.39 SEM in the, "bleeders"

who did nbt take ASA:‘ The co]lagen~a§gregation curve height was {nhibiw\_:’

‘ted by 60.8% *+ 0.58 SEM in the. ASA "bleeders”, and only 51.2% + 18.95‘SEM—

1n the "bleeders" not hav1ng taken ASA. ' . -

& .
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A. Aggregation Responises ,«5\‘

A
4

The p]atefetraggregation responsé§ obtained with ADP and collagen
were similar to. those descr1bed by many other TnVest1gators (Constantine,
1966; MacMillan, 1966; Zucker and Peterson, 19683, i.e., suitable
concegtﬁetions “of ADP produced_an°1rreversoble'o1phaslc oggregqt1on, and
EOllagen yie]ded an irreversible monoohasic pattern A1though it‘wa;’
mot always poss1b1e to,@ptermine the reason why a PRP samp]e H1d not
show the biphasic pattern with ADP and wWas, therefore d1scaﬁded from’

the study, there.is 1little doubt that drug rntake; espgc1a11y acetylsal-,

»

icylic acid, was responsible.in many cases. Even though vo]untéers were

warned, in advénce aga1nst 1ntake of drugs wh1ch affected platelet

T~ &\

funct1on, espec1a11y ASA, and were qoest1oned,aga1n at the time of olood

o

A .
sagg]ing, they sometimes admitted to having taken "onT?rone" when' shown

abnormal aggregation. responses. It became evident during preliminary

studies, that to be censistent, all PRP samples had to bé tested for a

. normal response to ADP aggregation, even’though collagen might have been

emp]oyed to aggregate that particular sample. The all-or-none inhibitory

effect of jngested ASA on the second phase of ADP-indoced aggregation,

. . %
‘makes this aggregation system a better indicator of ASA.iftake than

collagen aggregation. Most people did not consjden ASA as-a drug and -

e b .
considerable effort was necessary to exclude their use of 'this compound.

[

7.
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Ii~EHe aJsessment of ADP and collagen aggrégation, and the
determ1nat1on of curve s]ope and he1ght only the measurement of the
f1rst phase height .of the ADP 1nduced aggregation curve presented any_
difficulty. The nature of that portion of d¢he aggregation curve, just

prior to the release reactioh, makes it difficu]t to determine the eiact .

- - -

) ' point at which the first phase of aggregat1on enids and the second phase
begins. Th1s does not represent a serious limitation in the present study
- | as ft has been shown by many 1nvest1gators (0'Brien, 1968a; 1968b;
Zucker et al., 1969; Al- Mondh1ry, et al., 197p,wConstant1ne) 1970,
¢ Zueker and'Peterson, 1970) that ASA does .not have %nhibitory etfects

on this-i?itia1 stage of‘aggregation.‘ The decretised*ability of platelets
oln
.to aggregate 1nnmd1ate]y following their collect1on from whole blood
R ‘g
. has not been explained, although previously descr1bed (Mannucca, 1971)

It seems 11ke1y that this phenomenon 1s in some way re]ated to the

effects of the centrifugation procedure or the effectS'of pipetting

the plasha.

B. . Effects of Sa11cy1ate Analogues on P1ate1et Aggregat1on

It has been found that b]ood concentrat1ons of up to 0.5 mh of
~ ASA could be achieved in human subjects by'ingestion of 2 to 4 ASA
teblets'(Lev} and Leonards, 1966)‘ The’highest final concentrations
7Vof sa11cy1ate analogues (exc]ud1ng PAS and sodium sa11cy1ate at 10- 2M),
utilized in the present study, closely approx1mate th1s va]ue. The-- - L
other final salicylate cdhcentrat1ons emp]oyed in the aggregat1on and |
rad1oact1ve label’ uptake“Tnvest1gat1ons were lower than th1s value. g'

".ASA is a relatively potent inhibitor of the second phase of ;




Ry,

L V2 ' R 'y . < .
ADP-induced aggéegation in humam PRP»- The_ differences betwéen the

final concentrat1on,wh1ch bas,no Fnh1b1tgeg,act1v1ty, and that

n~h1ch completely prevents second phase aggregat1on, is small. \Th1§ ‘
fact; comb1ned with the nermal var1at1on found among PiP sa;gges, ‘ | )
éxclude ‘the poss1b111ty of presenting meaningfu] dose- raﬁpbnse data
. of th1;)1nh1b1tor on ADP-induced aggregatnon For th1s reason, the
threshald inhibitory concentrat1on of ASA, i.e., the concenxrat1on wh1ch
JUSt 1nh1b1ted ADP- 1nduced second phase aggregat1on was determ1ned
. " The other inhibitory sa11cy1ate analoguas were Jess potent than ASA
'and demonsfratad jncreaoed dnhibitory actjvity oner‘a nuEh nider‘ '
range of increaéino concentrations. ‘ e | ;

¢ AN
No exp]anat1on is available to e1uc1date the aggregat1on -enhanc-
LI
1ng effect observed with the 2,4- d1acetoxy and 2 6- d1acetoxy compounds,

and the 3-propoxy der1Vat1ve on ADP- 1nduced aggregat1on Fo110w1ng a
10 min. 1ncubat1on period in PRP the 2, 6-ana1ogue was found to cause
significant 1nh1b1t1on of co1]agen-1nduced aggvegat1on Ph11p.et al.
‘(1973) have recently descrlbed a 51m11ar react1on with Tow concentratdons,
of anpther aggregation 1nh1b1tor, d1pyrndamoJe, Gre11 and co-workors
(1972) naye reported that addition of isotonic sod1um,ch10r1de soTnp1on :
'in a final conééniration of’Sd mM to PRP, jds; prior to addition of
- ADP, resulted in an enhanced aggregation response. ‘Altnough"fhe.
aalicylate analogues in the present study wene disso]ved in 0. 9% saline,
its f1na1 concentrat1on jn PRP never exceeded 20mM, and per1od1c con- - /
trols w1th sa11ne fai]ed to Show the degree of potent1at1on ‘of ADP

aggregation seen with the 3 salicylate compounds.

.
&
& .
M 1
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4 Collagen-induced aggregation was significantly inhibited by °

ASA and some of its analogues in a dosé}dependent marner, A]thougﬁ

" incubation of ASA with PRP enhanced its iqﬁibitory effects, the compoundl ': e
aiso was found to be significant]y aqtive &Len added to PRP, just prfon‘ -
‘ to the‘aggregating aéent. The otheé analogues whigﬁ.showeq fnhfbftory
-pctivit& demonstréted it in a similar manner;kzhat is, the inhibition

was dose-dependent:and incygaseq'with incubation time. Iﬁﬁibition Ey

ASA of co11agen-aggreéafion,diffgred somewhat from {t; e#fect on the,

AQP responsé. Small doses of ASA, which compleié]y_inhibited the.
‘gec0nd~ﬁha§e éf ADP qggreéation (the release reaction), had ﬁo‘inhibi}ﬂry i
effects on.the col]égen response. While inhibition of ADP aggfegatién
approagheé/an al]-or-noqe phenomenon, collagen aggregation wasigragua11y
' reduced over a wide.range of inc%eaging ASA concentrations andincreasing
incubation timeé.,_Eveﬁ?with.10 min.” incubation, and at a %ina] concen-_‘
tration of 55 x.10-5M, ASA did not comp&etg]ylinhibit.thg co]iggen-
induced reaction: It is possible terxplain some of the differehces

on the basis that'the collagen stimulus was more potent iq causing aggre-
gation than ya§ ADP. Although the second.phase of ADP agéregdtion-dnd ~m‘*,
col]aggn.gggFééatjon hajé been ieported %Q bezcéused by the release ¢ [
;'6fgla£e?gt constituent;, the reactions a?e'&ifferent, in‘fbat~co]1agen,'
_ inducés the extrusion of ‘lysosomal enzyme§"whi1e‘ADPKdoés not (Holmsen,
Day anﬂ Storﬁorken, 1969). ‘Based on the‘present thedries of'aggreéatioﬂ,

. L4
.it appears likely that the initial surface reaction between:-platelets \
‘and ADP.or col]agen'a}e dissiﬁiiar.w'SeverQ} Jjnvestigators (Gaarder - Xh

-

and Laland, 1964;,Born, 1965; Boullin et al., 1972) have proposed the =

‘2
¢ - ’ 4
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, presence of receptors on the platelet surface for the ADP To]e;u]e.
‘Evidence is atcumulatinélto §uggest that g]ycos}] transferases of p]atefet.
‘ o membrane may be 1n{o1ved in the adhesion of pIatelqts to to]]agen (Barber .
;nq Jamieson, 1971a; 1971b; BasmHnn,o]97]5 Chesney et al., 1972);-a
reaction which precedes the refease'phenomenon. Considering these basic
2 "- j differences ‘in plate]et_gggrggit;gp‘gnd the retease response to ADP and \ '
col]agen, 1t follows that the pattetﬁg—bt‘;ﬁﬁ1b1tzon of these react1o;;__~77_
by ASA wou]d not be 1dent1cq1. . . Q
There is, at the ptesent‘ttme, no theory whith completely eip]ains'
the meqhanism whereby the inhibitory effetts of'ASAztn platelet aggﬁegatjon
iricrease with its incubation in ﬁﬁP. Thge platelet population being B
aggregated énd/or inhibited in the presént invéstigation is probab]y
heterogeneous in natore; that is, it is made up of both young and old
platélets alike. Karpltkin and co-workers (Karpatkin,.1969a’; 1969b

—— -
PRSI

Karpatkin and Strick, 1972) and Mannucci and Sharp (1967) have demon-*

strated that young platelets are larger and metabolically more activg._wﬁﬂ'
than older; smaller ones. It may be that the y;unger platelets must

be exposed to ASA for a longer period of. time before they are inhibited.
IfsASA is acting on an energy-dependent system in the p1at-é}et, it-may -

be that éradua] depletion of energy stores is involvéd in the augmented-

@ inhibitory effects seen with increased incubation .of the drug.
It is possible tolmake several conclusiors with re
inhibitory activity of the ta]icy]ate compounds studied on the basis of

structure-activity relationships. The compounds demonstrating inhibitory<///x

2N

effects on ﬁ]atelet aggregation by ADP or collagen all.had a hydroxyl -

or a substituted hydroxyl group in the ortho (2) bosition, relative to

-
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the carboxyl group. When the substituted hydroxyl function was located
in the three position (3-acetexybenzoic acid) or the four position
(4-aeetoxybenzpic'acid), the resulting compound showed no inhibitory
acttvity. Substitutions on the benzene ring of the parent ASA compound
resulted in a derivative with reduted activity. Such was the case with,

)the diacetoxy coupdunds. -

It appears that the acetoxy group or the propoxy group,~1n the
case of 2-propoxybenzoic acid, is essential for s1gn1f1cant 1nh1b1tory
act1v1ty. Neither of the non-acetylated compounds, sod1um sa11cy1ate,
nor PAS, demonstrated inhibitory effeets at concentrations similar to
those used with Ase, although they inhibited collagen aggregation at
much higher fina]ﬁconcentratious. The mere presence, however, of an | .
acetoxy group on thevqnalouues was not sufficient td impart tnhtbito&x\

h\activity. If the acetoxy group~is vital to the inhibitory activity

\\bf\ASA these resu]ts suggest that it must be present at a specific
receptor s1te to e rt its act1v;ty R]though it is known that the

' acetate funct1on is readiTy yd?o1yzed from‘1ts parent ASA structure
in the blood stream (Smlth and Sm1th 1966), it would appear that ASA
1;;1n ah intact form when act1ng at a ptate]et receptor "While the
radidactive label from sodium }“C acetate is taken up by p]ateIets,

this compound is not an aggregation 1nh1b1\{ -Mo@dh1ry_et al., (1970).

Roseuber; et al. (1971) also reported that acetat uptake from hydro]yzed
ASA (10‘“M) was not accompanied by 1nh1b1t1on of a gregation. A]-Mondh1ry
et al. (1970) found radicactive label 4n . p1ate1et ‘from ASA, tagged in
the acetoxy group, but not’the carboxy] fUnction: They a]eo'reported

¢
)




P

136
\ = ’ :
that "cold" ASA, incubated with human PRP, inhibited the platelet bind-
ing of acetyl-labe]led ASA. Based on these observat1ons, one would
speculate that the acetate grbup is released’once the compound reacges ’
the platelet receptor in quéstion, allowing the salicylic acid mo1ety
to leave the platelet. It must be noted that the acetoxy group of ASA
might be 1nf1uenc1ng the properties of the-1ntact molecule, in such a
-~ way as, to allow it to get to a locus of act1v1ty. If th1s were the
}\ease, the 2,3-, 2,4- and 2,6- d1acetoxy compounds might ¥ -less able to
- assume’ a suitable relationship w1th a p1ate1et receptor’ until the acetate
at pos1t1on ‘three, four or six were removed probably by a hydrolytic

process in t lasma. Even with this acetate removed, these compounds

would conta1n a sacond hydroxy] group 1n the ring structure, and this
mlght contr1bute to thejr reduced degree of potency.
Calctum che]atdon may also be invo]ved.in the inhibitory

acitiyiﬁy of ASA on ADP or cb]lagen'aggregation. This has not been
,examined in the present jnvestigation, and .it remains to be determined
. exactly what rote chelat1on of ca1c1um may play. A number of investigators -
(Hov1g, 1964 ; Skoza et al., 1967; Ardlie and Mustard, 1969; Ard11e et al.
1970; Cronberg and Caen 1970 Herrmann et al. 1979) have described

»

calcium ions as an essential factor in ADP-induced aggregation The v/,

-

chemical conflguratlon of ionized ASA with its two negat1ve charges, '
lends itself to chelat1on of the d1va]ent calcium cation:
As has been noted previously, anti-inflammatory gnalgesics, in
general have been found to ﬁnhibit'platelet Eggregation The possibii-
: 1ty ex1sts that the1r.act1v1ty on thése two phénomena are re]ated to

the same'mechan1sm.  Done (1960) has compared the antirheumatic

t . !
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properties of a series of sé]icylate’éna1ogue;; He fouhd that among~
the hydroxylated benzoic-acid derivatives‘investig;ted,‘it was the’
cohpounds, with hydroxyl‘sgbstitution in the ortho positioh, which weré -
'therapegtica11y active. These yere'aldo the compounds wifh the highest’
dissociation constants (Tewest pKa values) and the eompouhds which had
the greatest abi%ity—to form staBle chelates. Neither the 3-hydroxy-
benzoic ac1d, nor,;he 4- hydroxybenzolc acid, showed any ant1rheumat1c .
activity. Clarke and his co-workers (1958), studying the role of pheno11c
compounds 1n the cheﬁotherapy of rheumatic fever, also noted that'modh-
"hydroxy dernvat1ves, not forming che]ate rings, did, not have antlrheu-
mat1c activity. They a]so examined the ant1rheumat1c act1v1ty of a |
series of dﬁhydroxy compounds and observed that 2,3-d1hydroxybenzo1c
‘acid and 2,6-dihydroxybenzdic adid had significant antirheumatic propef-

/ 1}
ties, while 2,4-dihydroxybenzoic had weak activity. The antirheumatic

3

action .of these hydroxy compounds, with respect to struCture-@ctivity
re]atidnships, corhespond to the inhibitory effeets df their acetyiated
analogues as aggregafidn:jhhibitors. Clarhe et al.(1958) alsq'fqund,- )
that increased anéirheﬁmatic boténcvaas present in the phenolic y

compounds in which doub1e"che1ate rings were‘possib1e This relation-

c

sh1p was not present in the aggregat1on study, as the d1acetexy—eompounds

were 1ess potent than ASA.

: It is‘in;e?esting to note that the system of "platelet phdsphﬁdies-
terases, enzymes 1nvo]ved in the regulation of platelet cyc11c AMP and

altered by ASA (Amer and Marqu1s, 1972) are _dependent on the dresence

" of calcium and, to a lesser dedree, magnesium (Amer and Maydl 1973)

.
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C.  Radioactive Label Study

It is apparent from the results that intact p]ate]ets are requ1red

&

for uptake of the rad1oact1ve 1abel from the 1abe11ed sa11cy1ate compounds .

P W

Destruction of p]ate]ets by son1f1cat1onlreduced the amount of Tncorporatgz
.. radioactivity in nroportion to the degree of cell disruption.
J‘ Thg 1arge;t proportion of added redioacttyity remained in the PPP
supernatant either bound to plasma“ ¢omponents or.iq a free form. Of the ,
activity bresent’in the platelet button, a considerable degreej(approx-
imate]y 50%) was associated with lipids oh pessibly ph;;th1ipids, as
deternnned bynchloroforn:methanol extraction. ot h |
Judgement based purely on the radioactive label stu&y would
* - suggest that acetylat1on of platelet components is-not the on]y factor
1nvq1ved 1n the mechan1sm—of aggregat1on 1nh1b1t1on by these compounds
If this were.the case, conSJder1ng the percent uptake of radioactive A
labej in the pTate]et buttqns, after 10 min. 1ncubat1on, one would expect
. the 2,3-diacetoxy compound and the 2,§-d1atetoxy derivative to be equipo-
tent, with respect'to‘inhibition 9f5c011agen-induced agbregétion. -§nch
was not the‘case; the former compound .showing approximetely twice the .
inhibjtoryyectivity of the'2,6-§na1oguel Since the pertent uptake.of‘ -
radioactivity"from‘these compounds was'apnroximately one-half of that
from 14C-ASA, if acety1ation were solely responsible for inhibition 7
C of aggregation, the degree of 1nh1b1t1on with the two diacetoxy compounds
| . should have been approx1mately 50% of that with ASA. - Certainly th1s
was not the case.;- It should be noted that without incubation in PRP

l
and at aﬂf1na1 cohcentrat1on of 29 X 10’5M, conditions, similar to

. those in which upthke of the radioactive label took place (see table“11),

L4 - o
a ., . ! N } s
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2,6- d1acetoxyben201c acid,, s1gn1f1cant1y potent1ated ADP-induced aggne-
gat1on Uptake from the 2-propoxy der1vat1ve was lowest of all compounds
studied. This analogue was, however, a more potent aggregat1on 1nh1Q1tor
than either of the diacetoxy compounds. Oligomycin, incubated for ]5'

'min.'%n PRP which had been allowed to stand at room temberature.fdr two
thours, reduced, considerably, the uptake of !“C-acetate or propionate.
This reguction probably is associated with a decrease in the uptake

of 1“C-acetate or propionate into metabolic pools of ‘the platelet.

Radioactive uptake under these-conditions a]sq did not correlate w1th

the degree of 1nh1b1tory activity demenstrated by the four ana]ogues

on collagen-induced aggregation. In relation to the findings with ASA,
the uptake’of propionate from_%“c-propdxybenzoic acid was Jower than

would he expected from its effects on coﬁ]agen aggregation. Correlation

coefficients, relating !“C-acetate or propiénate uptake in PRP or in

oligomycin-treated PRP to inhibition of collagen agg;egation,'were’not““ "

/

- significant. - ' .

In the present study, abproximate]y 50% of radioactive 1abei

was extracted with chloroform:methanol (2:1), presumably from lipids
| or phospholipid material. Although tﬁis might appear.to be a large

proportion of label to be 1ncorporated into plate]et']ipids, Rosenberg
and h1s co]]eagues (1971) found greater than 50% of radioactivity from
10- L’M 3H-ASA in this platelet component. -

Although Rosenberg- et al. (1971) suggested that in rabbit PRP,
inhibition by ASA of co]]agen aggregation was re]ated to the degree
of acetylation of the platelet, their results were not conclusive.

Utilizing 3H-ASA and sodium 3H-acetate, they diffefentiated between
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'Mén vivo with this compound. Thegfesultseof the present study do not™ = ~°
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protein acetylation and acetate uptake into rabbit qlatelets. . 3H-ASA
labelled protein to a significantly greater degree than did sodium ...
,3H-acetate, while the 6pposite held true for the labelling of platelet

lipids. They stated that acetylation, not acetate uptake, was related

.to aggregation inhibition. \Howéver; it should be nbted that, in their
study, total acetate incorporation from 3H-ASA botﬁ into §1atelet lipid
and protein fractions correlated with inhibition of aggregation, not.
acetylation bf platelet proteins. The degree of incorpo;ation into
protein fractions remained relatively constant over a pqriod of one
hour, while the degrée of gggregation inhibition inc?eaéed by apprﬁxi-
mately 40%. - o “

A number of investigators (A1Mondhiry et al., 1969; O'Brien et al., °
1970a; Pinckard et af., 1970) ave suggested that p]ale]et acetylation

by ASA As respons151e‘for'the prolonged inhibitory effects observed

discount the possjbility that this may be the.case, but neither do they”

" “support tﬁe concept that platelet acetylation is totally responsiﬁ]e

for the inhibitory effects on aggfegatidh demonstrated in vitro.

&

- 4

D. - Salicylates and Gastrointestinal Hemofrhage - G ~

In the study of in vitro ASA on blood p]afe]etsgo? gastrointestinal,

"bleeders", both of the "bleeder" groups had‘significantly‘decreésed

) hemdélobin and hematocrit values. None of the other ]abd}atory find%ngs,

excluding platelet aggregation, was significqnf]y diffeteﬁf'in the three ,

study groups. The greater reactivity of platelets from all patients’ 0

- who ﬁ%d recent gastrointestinﬁl hehorrhage: as imdicated by their higﬁér

v

sensitivity to'ADP, and the fact that this sensitivity was absent’after

e
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one year, suggest that it was probably due to the presence of more new,
metabolically active platelets released in response to the stimulus of
hemorrhage Such increased sens1t1v1ty of. young plate]ets to aggregat1ng

stimu]i has been reported by Karpatkin (1969a; 1969b) and by Mannucci

_and Sharp (1967). This higher degree of aggregating activity in both

"bleeder" groups indicates that any residual effects pf the ingested
ASA were minimal.

Of the 33 patients studied, only three did not show a biphasic‘
responee to ADP, and these all appeared in the "bleeder" group Qﬁich had
not taken ASA. Since this pattern of aggregation'fs characteriskic of
that seen following recent {ngestion of ASA (Evans et al., 1968; 0'Brien,
1968&"Mus£ard and Packham 1970; Zucker, 1971), the possibfﬂify that
these patients took ASA prfor to their b]eedihg episode‘and did not
rgport 1%)cannot'be egc]uded. It is also possible, however, that
these indﬁvidua1§ may'have a congenital defect of platelet function..

ﬁ‘ &

One 1nd1v1duaT whose platelets falled to show the normal b1phas1c

e

g
aggregat1on pattern in the initial study, demonstrated the same response

- one year 1ater and would, thus, appear to be suffering from a chronic

R

platelet defect. | ,

| A number of investigatgrs have demengtrated a-synergistic effect
between alcohol consumption and intake of,%SA in.gastrointestinal
hemorrhage (Jenn1ngs, 1965; Needham et al., 1971). ‘This .effect does not
appear to have been a significant factor in the present study, as on]y
two of the e]even "b]eeders" who had taken ASA consumed in excess of ,

A
three bottles of beer per day, and a similar 1nc1dence of alcohol intake

L

was observed in the otherdtwo groups. o ‘ ' '

s

o
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In ghe initial investigation, it was fbunq'that(the platelets of

1

these patients, with bleeding associated with recent ASA intake, were
more-sensitive to inhibition by ASA of'collagen aggregation in vitro,in

- spite of a somewhat greater agygregation response to collagen, than those
of the other two groups. This raises‘the possibility that these-peop]e'
may have some intrinsic difference in their platelets or‘in some plasma
factor(s) involved in collagen-induced aggregation. Although there was
insufficient data to determine, conc]usive]y, whether this difference
was transitory 3y'permanent there was a suggest1on from the resu]ts ‘of
the follow-up study that the 1atter m1ght be the case. It may be’ that
they are also more sensitive to ASK in vivo, and thus, having taken .the
drug, their norma] platelet plug fonnat1on is defect1ve, contr1but1ng

-

to the blood 1oss from any mucosal imfury.

A p]ételet-co]]agen interaction is Qne of tQS initial steps in
the formagtion of the platelet plug (Hevig, 1963a; 1963b; Spaet and
.Zucker, 1964). 1Individuals who are unusually sensitive to the %mpe;r-
ment of this 1nteract1on by ASA might not form a- solid platelet plug - ,
Ft the site ofgastr1c erosion after tak1ng ASA, and, hence might be
more susceptible to hemprrhage. -The fact that almost 30% of thé noanSA
”b]eedefe“ showed a defect of* aggregation supports the tontention that ~
“impaired platelet function might render'en individual more;susceptible

: <-
"to hemorrhage, following gastric mucosal erosion from any. cause.

E. Concluding Remédrks

* The clinical problems of thrombosisQand.hemorrhage represent two

"¢ extremes in the spectrum of acttvity of the hemostatic process. The

epidemic proportions of thromboembolic disease in man hés led to the

-
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investigation of agents which inhibit noymal hemostasis an ave

potential as antithrombotic drugs. ﬂ%zinvestigatibn of sgéﬁ%é%;pounds
is comp]gte without a consideration of their propensity to induce
bleeding' Experience witﬁ ASA illustrates this tendency, in that WHile‘
"it has shown'some prom1sé as an antithrombotic agent the substance
also .appears to be a causat1ve factor in many cases of gastro1ntest1nal
.hemorrhage. Should it be qus1b1e to zdent1ty a population of 1nd1v1dua]s">l
_'more sensitive to the hehorrhagic properties of such drugs, as Was suggest-
ed by the results of the clinical studies, thts would enable clinicians
" to Ecreen out susceptible persons before implenfenting therapy’wpfch-
might expose them to undue risk. Long expetience with the oral
antlcoagu]ants has demonstrated the dangers of manipulating the protec-
tive hemostat1c mechan1sm , ' - ‘

0Of the salicylate ana]ogues, excluding ASA; oniy 2-prop9xybenzoic
acid demonstrated sufticient,inhibitory activity on platelet aggregation
to justify further investigation. Extracorporeal shunts or injured
~ cerebral corte;-vissels could be utilized to determine its in vivo
eﬁfects on platelet aggregat1on and thrombus formatlon Experiments
to determ1ne the u]cerogen1c effects of this substance on the gastr1c
) mucosa of exper1menta] an1ma]s would a]so be of interest.

Based on the report of Clarke et al. (1958), in, which they noted -
increased antirheumatic potency in pheno]ic compounds capable of form-
1ng doub]e che]ate rings, one m1ght also examine the in vivo anti-
p]ate]et effects of 2,3-diacétoxy- and 2,6-diacetoxybenzoic acid. Clarke

and his co]1eagues described some desage and toxicity data from humans

for these compounds. . Further investigation to define the. involvement




of calcium chelation in the mechanism of action of ASA on platelet
funct1%n should also be .undertaken. It wou]d be interesting to determine
if ASA could remove a rad1oact1ve calcium label from platelets_and from

what site the label came &

The finding that ingestion of ASA resulted in a-reduced; although

not statistically significamt uptake of'the radioactivé‘]abe] from
14C-ASA in vitro, suggests that platelet s1tes are part1a11y filled
during the in vivo exPosyre,r A study 1nc1ud1ng more subJects would
determine if there is, in fact s1gn1f1cant uptake of acetate into
human p]ate]ets in vsgg It is noteworthy -that Al Mondh1ry et at. in '
1970 observed that "cold" ASp or sod1um acetate, 1ncubated w1th human
PRP, 1nh1b]ted.p1ate1et b1nd1ng of acetyl-Tabelled ASA or Tabelled
“-acetate in vitro. Administration of 1abe1ted ASA-to experimental-
"animals would also be usefui in determining the extent of in vivo -
acetate uptake ) E h

It has been suggested that some pat1ents sufferlng from
gastro1ntest1na1 hemorrhage m1gh¢ have an 1ntr1ns1c p]ate]et defect.

A study wh1ch 1nc1uded a Targe number of pat]ents would def1ne the
e

1ne1dence of platelet abnorma11t1es in th1s cond1t1]n .
. 0 .
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SUMMARY and CONCLUSIONS VI
The aggregatiog/ﬁesponses.obtained in the present study were

similar to thd%e described by other investigators. Platelet

aggregation in PRP at 37°C took place in a biphasit, irreversible -

manner when suitable cqnc;ntrations of ADP were used as the
aggregat%ng s£imu1us. A t}pical response to collagen suspjiéion
conﬁisted of an irreversible, monohhasic aggregation follo ‘ng

a delay %n,onset. . |

When ASA waifaddéd immediately prior.to the addition of ADP, the

threshb]d, inhibitory concentratiorr, i.e.s the lowest concentra-

tiofiwhich completely inhibited the secdfd phase of ADP-induced

)

aggregation, was found to be 5.2 x 10-5M\ (2107 SEM). :

: -\
" ASA did not have inhibitory effects on the First phase of the

ADP-induced aggregation response.
At qpncent[atiéns sﬁmifar‘to'ASA? and without prior incubation
n PhP,,Zapropoxypenzﬂic acid and 2,3-diacetoxybenzoic acid-also

had: inhibitory effects on ADP aggfégation; the former compoﬁhd

;-bei g the more potent in this respect. Under simjlar experi-

mental conditions, sodium saltylate, PAS, 3-acetoxybenzoic acid . -

and 4-acetoxybenzoic acid were without statistically significant

\ inhibitory actibity, while 2,6-diacetoxybenzoic acid and

145
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'3-propoxybeﬁEoic atid significantly potentiated the second phase

response. .

In a study of the inh%ﬁitory effects of salicylate analogues on
cdl]ageﬁ aggregatjo&, only ASA demonstrated much activity without
incubation of the drug, pgior to additi&n of the aggregating
age_nt. v o |

At high final concentrations (40-60 fimes that of ASA), both

.

sodium sa]icyT@te and PAS were found to inhibit co]]agen-i;:yced

,aggregatlon . - e
. The 1nh1b1tory act1v1ty of ASA, 2,3- d1acetoxybenzo1c ac1d 2 b-
diacetoxybenzoic acid and 2-propoxybenzoic acid was found to ‘
increase with incubation in:PRP, prior to addition ofico]lagen )
suspension. - After 10 min. incubatfon, ASA was still the mdgt
po%ent 1nhibit6ry analogue, although at a concentration of 55 x
10-5M, the 2-propoxy compound demonstrated s1m11ar activity. At
the highest-concentration studied, the 2,6- d1acetoxy analo

was about one-half as potent, after 10 min., as ASA, ‘and the
2,§-d1acetoxy derivative, which ghowed significant inhibitory
effects without i}ncubation, was the least /potent of . the four

_ compounds. ‘ . ’
Structure-aétiv{ty studies suggested that an ‘ortho re]ationshiﬁ
between'; éq;Soxy] J;oup ana an acetoxy function was essential
for the 1nh1b1tory act1v1ty of the analogues exam1ned Introduc-'
‘tlon of a second acetoxy group fo the ASA mo1ecu1e resu1ted in -

compounds with decreased potency as inhibitors. of platelet

aggregation. Acetylated derivatives were more potent inhibitors
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of aggregat1on thaw’non- acety}ated ones.
When the 1%C-labelled compounds, ASA, 2,3- d1acetoxybenz ¢ acid,
2,65daacetoxybenzo1c ac1d and 2-prdpoxybenzoic acid were added

to or incubated with, PRP and the platelets isolated, acetate

£l

or prop1onate 1ncorporat1on was found to be dependent on the

s

concentratlon of the ]abel]ed combound and the duration of its

s ’

incubation in PRP.

‘The degree of acylation was highest with ASA, intermediate with _
[ ,{v . -

2 3-diacetoxybenzoic acid and 2 6-diaeetoxybenzoic acid ahd

A 4

Towest w1th 2-propoxybenzoic acid. Platelet incorporetion of
the 14C- Tabel from these four codpoundS'did not correlate with
their act1!ljggas 1nh1b1tors of collagen aggregat1on
0Tigomycin s1gn1f1cantly 1nh1b1ted the pldgelet uptake of
labelled acetate and reduced the propionate 1ncoyporat1on fre@
2-propoxybenzoic acid. Label uptake from the.¥adioai;ive

analogues by oligomycin-treated platelets did not &qrre]afe with

the activity of these coﬁpounds_as aggrégation inhibitors.

A five minute ch]oroform:methano] extrae}ion reduegd, by
approxima%e]y 50%, the amount of radioacfivity remaining'in the
platelet button, end suggested'that a large percentage of
incorporated radioactivity was asseciated with platelet 11pide.
Destruction of platelets by éonif{cation reduced the amount of
1ncorporated radioactivity ;n proport1on to the degree of ce]]

dﬂsrupt1on v [ L - D

From these resu]ts,,one‘would-conclude tht the mere presence of

an acetoxy group on a s§11cy1ate analogue'does not confer, to
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that molecule, significant inhibitory activity against platelet
raggregation. It does appear, however, that the acetoxy group
I ;

-provides the, ASA mo]ecu1e{with properties which make this compound

a more potent inhibftor than the non-acetylated analogues.

In a study to examine the effects of in vitro ASA on the platelets

of persons suffér%ng from gastrointestinal hemorrhage, in vétro ’
ASA caused significght]y greater” inhibition of co]lageﬁ aggrega-
tféﬁ,in the PRP of "b]eedefs" in whom in vivo ASA was considered
to be a causative factor in their bleeding episode. Dafa from
this investigation and a follow-up study suggested that some
individuals may have p]ate]eps which are intrinsica!]y moreh

sensitive to ASA.

\




APPENDIX I

Drugs contrgindfcated in the aggregation

and gastrointestinal bleeding $tudies

3
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Contraindicated in Aggregation and Bleeding Studies °

-anti-inflammatory analgesics
-mefenamiq‘acid |
-phehothié;%hes
-antihistamines
-local gnesthetﬁcs‘

«

—atropine

3

~a- and 8- blockers

'

-dipyridamote . K

-oral contraceptives . -
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Method oé preparation of l“C-labelled salicylate analogués - . .

1-1%C-acetylsalicylic acid

3

-salicylic acid (13.16w1g.), 1-1‘C-acetic anhydride in benzqge
(0.1 m1.) (ICN Research Prodycts, Montreal, Quebec, cat. no.

12022) pyr1d1ne (1 drop), and benzene. wash1ngs (0.1 ml.) were

v _ " mixed together ' : .

© .-mixture stirred for
'Qinacttve'aceticf;nhydridé
-mixture stirred for. 1/2 hr. ' ‘}' a CL -t LN
-ASA (99 mg .) added 7 R
-mixture d1sso]ved in benzene (0.3 ml.) and crysta]hzed by
addition of “benzene- petro]eum ether (30 60) ?
-crystals filtered and recrystallized from penzene-petrO]eUm

S~

" either (30-60) &

-recovery-68.6 mg.

-basic activity-396,343 c.p.m. per mg. (38.7 uc/mM)

2-(1~1“C)-prbpogypenzoic acid

-1-1%C-sodium prop1onate (250uC) and propionyl chloride (1.4 mg.)

1n,benzene (1 m] } mixed together .
e~ ' . .
.‘3 -mixture was warmed and pyridine (1 drop) and salicylic acid )

- - .(f3_mg,) added
§ . . . “mixture heated at 60° fo{:)«.

4

.;)-,‘. . ~ s , ' e A " R , -
- -mixture left at room temperature and propionic anhydride (15 mg’)

Lo added , P I

-inactive 2-propionyl e?;é{ (140 mg.) added ' ¢
3 g /
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L

-5.38 mg. of 1/be11ed ester isolated-after récrystaﬂi}ation from ,‘
benzene-petroleum Ether . . ' "f

-basic activity<857,630 c;p.m.\per mg:(88.9 uc/mM)y

1 . ®

2,3-di{1-1%C)acetoxybenzoic acid -

-2,3-dihydrokybenzdic’;cid (10.67 mg.); ]-I“C-acetic.anhydride'in‘~
berizene (0.1 ml.), py?i&ine (1 drop) and benzene (0.1 ml.) mixed -
together- .

-mixture stirred for 1 hr.
N -gCetic anhydrjde (0:1'm1.) added'and mixture for additionaf
(*7// /2 hr. - - ) S
~inactive 2;3—di§cetoxybén£oic acid (17 mg. ) addediana ﬁjxture
“taken to dryness ‘ B \
-crystals recrystallized twice from‘benzene-bgtroleum ether k;O-GO);

. -recovery-é7 mg.

~bas ic activity-3,011,125 c;p.m.'ber mg.(398 gc/mM)

' 2,6-di(1-I“C)acetoxybenzqu acid
-2,6-dihydroxybenzoic-acid (8.96 md.), 1-1%C-acetic anﬁydffde in

.benzene (0.1 ml.}, pyridine (1 drop), and benzene.(O.] ml.)

.

mixed together. o //’ '

-mixture stirred for'1'hr. =~ ~ [%L
sinactive 2,6-diacetoxybenzoic acid {23.90 mg.) added
. 0 .

. -mixture taken.to drynesss

o

-combound"recrystalﬁzed from benzene-petroleum ether (30-60) oyér
" a period of several days ' )
‘ o e _
-recovery-32.8 g, , basic activity-641,38t c.p.T;\iii)Tg.(81.6 uc/mM)
& -

~
.
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Synthesis of sa]iéylate ané]ogues

. .
) ) ‘ . . . “
] . - .

The'salicylate-anglogues were synthesized by the referenced methods.

.
}

Analogue Reference - Mélting Point (°C)
. - . | v, " - cited .
, ° ' . found* Titerature
3-acetoxy- Marshall et ai., 1942 . 118-131 129-131
", benzoic, acid , ‘ , : ) L, -3
8-acetoxy- " Chattaway, 1931 . 190-191 189-190.
benzoic acid - S e . ' 7
— 2 . * ." ' ‘_ \ '
. " 2,3-diacetoxy- Simokoriyama, 1941 ’ 136-138 . 146-170
.benzoic, acdd . ‘ N = ~
~ 2,4-diac toxy- - Simokoriyama, 1941 136-139 - 1367157
»benzoii‘acid : oo \ ‘
. 2,6-diacetoxy- Hunt et.aZ., 1956 112-113 . 131714
benzo1c acid ‘ T
2-propoxy-  .Hofstee, 1952 C - 94-95 . 95
'S . benzoic acid £ ‘ ’
3-propoxy- Hofstee, 1952~~~ '85-86 86,
~ benzoi¢ acid -« ‘ o .
. S /
*AT1 melting points were performed on a Kofler Thermopan Me1t1ng‘53§nt
. N ’ Apparatus by Dr. M. Hirst. . ] )
LI i e

-

-’

L



" APPENDIX III

Method of prepafation of collagen suspension

-




Method of preparation of co]]ggé% suﬁpensibn

w-minced 1yoph111zed and shredded bovine ach1]1es tendon (O 25 gm )
(éenera1.B1ochem1ca1s) was QQded along with 25 ml. of 0.9%
sa]iné.to_the cup (submerged in ice) of a Sorval Omni Mixer
(Allied Scientific Co. Ltd:)

mixer turfed to speed 6 for 2 mipn., to speed 8 for 2 min. and

f;nally to speed 9 for 3 min. D a
. -a second aliquot (0.25 gm.) of>co11agen and saline (25 ml.) was ’
~added to the cup gpd the grindiné‘process Eepéated l
‘e ‘ -at frequent?intervaTs during“the_cﬁttﬁng process, the mixer Qas

. - . /
stopped and'any attached collagen strands were removed from the

cdtting blades and returned to the ground mixture
- -the coarse co]]agen mixture was centr1fuged at 75, x g. for 4 m1n
-supernatant was taken off and again centr1fuged at 750 x g. for

4 min. . B , .

-supernatant was checked for activity and refrigerated for use

*
[r3
)




APPENDIX IV

. Calculations for the préparation of modified
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.

Tyrode's solution
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. \‘\
Calculations for modified Tyrode's solution

. original foraﬁla (gm./L.) , molecular and atomic weighfs
) 7
NaC1 8.000 NaC1=58.45 = Na=22.99
‘ . 2 . , .
KC1 0.200 © . - KC1=74.55 C1=35.46 -
NaHCO; 1.000 NaHC0,=84.00 -  K=39.10
NaH,P0, . H,0 o.:iz  Na,P0,.H,0=137.99 B
. i .
CaCl,.6H,0 C o 0.43 | CaCl,.6H,0=219.09 ’ -
MgC1,.6H,0 0.203 " MgC1,.6H,0=203.33,
; - R . Ca=40.08 " Mg=24.32
, \: 5 - 3 . " . p . .
T - I )
jons pre%ent in ariginal formula . ' i
Na' from NaCl = '8x22.99x1000 = 136.87 mM :
58.45x22.99 :
.t .
. . »
Na' from NaHCO; = 1.0x22.99x1000 = 11.90 mM %
. T 84.00x22.99
.o . . ) "¢ K
Na® from NaHzPOu H,0 = 0.05x22.99x1000 = 0.36 mM
137.99x22.99 L
A = . %,
C KF from KCT = 042x39.10x1000 = 2.68 mM
- E%ﬁi?ﬁﬁ&ﬁiﬁ?f“ , ,
T e ’ ! .
e : S ; \
. Ca* " from CaCl,.6H,0 = 0.438x40.08x1000 = 2.00 mM ,
: 219.0940.08 o -
[} i -
ct” from CaClz 6H20 = 2x35, 46x0 438x1000 4.00 mM- X

-

. + 219.09x35. 46 e




’

Mg* from MgCl,.6H,0 = 0.203x24.32x1000 = 1.00 mM
203. 33x24. 32 J

-

C1™ from MgCl,.6H,0 = 2x0.203x35.46x1600 = 2.00 mM
' 1203.33x35.46 -

total ion replacement required for CaCl,.6H,0 and MgC1;.6H,0

. =2.00mM + 4,00 mM + 1.00 mM = 2.00 mM = 9,00 mM

~i3

ratio of Kt / Na+ in original formula

T .

= 2.68 mM = 268 = 0.0179
(136.87 + 11.90 + 0.36) WM 149.13
NaCl needed S X : ’
= 9x1000 = 8.84 MM = 0.517 gnm.

101.79 ’

i
~ L

KC1 needed

o L
=9x1.79 = 0,158 M = 0.012 gm. -
.101.79 .

ko , ' ' .o
modified formula (gm./L.) » ‘
NaC1 8.517 ‘ I
KC1 o 0.212 .

. 2
NaHCO; . 1.000 -’

NaH, PO, . H,0 0.050 : o

L




APPENDIX V

Percent change of ADP-induced aggregétion Cufve

by sodium salicylate, ?AS, 3-acetoxybenzoic' acid,
4-acetoxybenzoic acid, 2,3-diacetoxybenzoic acid, .

2,4-diacetoxybenzoic acid, 2}6-diace;oxybénzoic

acid and 3-propoxybenzoic acid
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APPENDIX VI

? 09'.

- Lo
Percent change of co1]agen induced aggregat1on
curve by sodium sal1cy1ate PAS, 3- acetoxybenzo1c
N » ;

acid, 4-acetoxybenzoic acid, 2,4-diacetoxybenzoic:

h ac1d 2,6- d1acetoxybenzo1c acid, 2—propoxybenzo1€

i

ac1d and 3- propoxybenzo1c acid

-
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: o Representatwe case hlstomes from patlents .o

N .

L _ 1nc1uded in the gastromtestTra‘}——/\\/ , .

.. - . ,_,;_,,ffs--;*"t" ¢ ST hemorrhage study N
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iy

Bleeding associated with.ASA

~——

patient: 0.M. | o ‘height: 5'9"
‘age: 38 .  weight: 133 Tb.
date of birth: September 24, 1938 :

. Il
k)

- patient adm1tted March 21, 1972 compTaining ,of melena for past 2-3
days and w1th fee11ng of d1zz1ness and weakness

- patient adm1tted to takJng approx1matefy -4-6 ASA tablets through
previous week . ‘ - S
"~ patient took 222's (x2) the.day prior to gdmission
-Véhis ﬁs’third epf§ode pf bleeding since 1960; at which t?me X—ra&s

/ .
were nedative-

k2

- X-rays a]so negative in 1967 during hosb1ta]12at1on
- gastroscopy was performed March 22, 1972 wh1ch revea]ed a Sma]] acute
-//repy10r1c u]ce; W1th several erostons in the stomach o
/ - pat1ent received 2 un1ts of blood March 21, 1972
a méd1cat1ons in hosp1ta1 Va11um 5 mg I.M. x 3 Va11um 10 mg. and

“atropine 0. 6 mg. I.M. pre- op for gastroscopy, Magno]ax and tascara

bloodK\Skeg for platelet studjes on March 29, 1972

N

-




“ - 180"
' ‘ - .
L }\ o .
) -B1ee&iﬁg nc{t associated with ASA . T
. . _ ] ) o pe -
‘patient: J:H. S . -. : 7}eigﬁ¥: 5" 5" . .
. age: QSAJ S weightf 140‘ﬁ\ PR :. '
‘" date of birth: Au_gdst '\1«9',/192'5.' L }_: - < /
‘ .- pat}ent admjttgd’Auéust 8, 197i a%ter hav1ﬁg mass1ve hematemes1d and .
. collapsfng - ’-‘:, ‘; ~i ‘
» - pat1enf cemp?a1ned of "ac1d\stomach“ forepast 2-3 yr ‘ “ . //,"“'
) ‘/s{bmach "bothering" h1m over past few days - » o V//;‘ i
f\\ i ///; drinks occa51ona11y s 'ﬂili. K s ': . ’
- 16 history of taking ASA . .‘ B o RS )
P . j’no‘histofy of previous b]eeding'o} melena -~ '( ' - :
?f’ '; patfent‘found ‘to have'mefeﬁé;on réttal.éx;miﬁésion | ’
. - on no other medications prior to-@dmiSsion ofher than antacids” l\

: -1upper G.I. series showed defect in greater curvatyre of stomach

. V4
- blood sample taken for platelet studies on August 16, 1971




:&’ ) .
p Control subject - .no bleeding L
o :
( .patient:‘ W.S. . ‘ height: /6'
o age 8 U eignts 215, <
‘ * date of. birth: Juty 6, 1‘927 -
- pat1ent adm1tted August 16, 197] w1th ch1ef complaint of chest
N pam o’F 5 days duratibn - ", \
) - paln was centra1 retrosterna] and aggravated by inspiration .
- three EEG's norma] o ' i S P
,'- no h1story of const1pat1on diarrhea, melena or hematemesis
: ' ‘.occaswnal drmker smoked cigarettes for 25 yr. |
)c; - - /.\- no medications prior to admission other than occas1ona] Bromo -
, Se]tzer |
’,\.’ ._ - took 6 mtrog1ycer1n before adm1ss1on ' ‘
.. - - med1cat1ons in hosp1ta1 Demero] Maalox, D~arvon'P1ain tetracyc]ine )
; - blood samp]e taken for platelet studies on August 25, 1971 .
5 7 o - A .
-\, .‘ t ’
|

| ‘ . . . ’. ’ ) N
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