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‘t of gout and/or hvnorurlcemza "As a xanthine oxvdase i Jbitor, it

o
»
E reduced the’ amount of urtc acid oroduced and thus prov1ded an . .

apuroach to-treatmant other than that of . ur1cosur1cs,

% T An~ assoc1a¢ion botween thromboembo}lsm and hvuerurtceﬂia

EVNas veén des cr1bﬂd (Pearce and Azxz, (1969) and.othnrsJ and
\ . . -

\ allopurinol’s role in pur1ne metabclism has been thgrouqh]v
\

\eluc1dated (E]aon,‘Kovenskv, Hmtchlnas. Hptz and Punles (1966) and -

»

v -

{others} . : — I

| . 4 : . ._." . ,

Sy ;. Nne of the comnonents‘bf ourinn métabolism, adonosine
\b-

‘ 1nhostate %AUP), has been shown to he a stronq stToutus fof the

.

. {qqreqat1on of blood platelets (Gaarder. Jnnsnn Laland He]lem,.and  .

Jren (196]), and others) 4.

The, 1nf]uence of a11opur1no] on the b]ood oIatelets of B

.

] Eux .o e
ﬁét“ raub1ts dﬂd tnan_ was 1nvest1gated b e S~

Pre trnatmnnt of rahbits with 1ntppper1tonea1 sodium uratew'~

/kg )fol]owed 1h one hégéiby antravenous potassium oxonate
Q- 1nhib1tor) at 60~mg/kg resu]ted in an effective anima1
/modpl,qf hvnerur1cen1a, w)th a serum urate of . 8 10q. -A (4x-nonnal)
X 37 minute' after the oxonate 1nJection ' Treatnent of th1s
hvppruficem1c mode] w1th 1ntravnnous’soafum allopurinol (40 g, /kg ),

qivén 20) minutps aftpr,Lhn oxonate 1n]oct10n‘ not nnlv 1owered the-
R S £ 1




_‘serum ulate to

. signiflc nt decpease in AD? (3 3 X 10 M finai cancentration)-
i'lnduced \ételet aggregatvdﬁ withtn 12 mﬁﬁutés (g<: 05) of the
“5?‘a1}opur1n 1 an£Ct10n e
‘ 4 “In rabb1ts orally pnestfeated with allopur1no] (40 mq /kg e
' -Z_day) howelver, AUP (3 3 x 10 6

.!

normal wfthin 44 minutes, but a]so resulted‘fo a

.

° . .,
. -

- et aggrethaoa ﬂas 1ncreased (p1< 92) with1n three weeks of SECh

_oral treatpent. ThJS fwnd:ng coincaded we11 with an. 1ncrease 1n "

platelet AbP ]eve1s 1n thoae same rabb1ts during the same,pgriod

(p< .05).

urther platelets of nine patxents receividb a1Jopur1nol )

(4.1 x 19 6M finaI concentration) during.mdnth 1 (p4: 01) of

,,'treatmenf

‘2;f A longe* term effept, manifested by elevated -

g

LY

L v

-

~ for c1fn1ca1 conditions demonstrated inCreasEd aggregation by ADP

Fs
o
v
-
a

‘ a1lopur1nol possesses a two fo?d actibn on, blood p1atelets

A short -tem direct effedt manifested by . |

.‘decreased nlatelet aggregation, and pre- , ;
. A
vention of re]ease of platelet constituents

3"ﬂlevels of platetet’ ADP, resu1t1ng in- 1ncreased

f1na1 concentratuon) induced pfate-

’ )

T EAl]opurihol 1n v1tro (1 4 x 1073, fiaa] concentration) also.

.Dlatelet agg:egation L e '

- o BN ]
e .
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_INTRODUCTION * -

o *

“ Jhe first recogn1t1on of platelets as distinct, formed

elementS»of the blood was Donne S (1842) descr1pt10n of. globulins“.

.Hayem (l%7da) is cred1ted wwth the f1rst descr1ption,9f the baslc role

of platelets in thrombus formation and hemostas1s {Hayem ‘4882)

Although much of the‘work of these early 1nvestigators was later con-

L

firmed and c?ar1fied there was relatively little platelet research

4-undertaken in the 60 years follow1ng l890. Durlng the last 25 years

research in thls area kas shifted fromthe study of blood coagulqtion

to a con51deration of platelet functton.\ The latter has been

'characterlzed by the study of platelet morphology and klnetfcs as well

L

-

. as electron-mjcroscopic observat1on of the hemostatic plug.

&

© 7 An extrdordinary resurgence‘o? platelet fesearch followed the

discovery (Hellem, 1958) and 1dent1f1cation (Gaarder. et al.. 1961)

Po -

r
' of adenqsine diphoSphate (ADP) as a component of erythrocytes which

'caused platelets to stick to one another, Addltional stimu11 to th1s

o

"~ research were the 1solat1on of a contractlle protein.'"thrombosthenin ,

from platelets (Bettex Galland and Luscher,,lQGl). and the oﬁservation

tnat platelets adhere- to- the connective tlssue of the vessel wall

'(BOunameaux, 1959). later specifically identified to be collegen
' (Hugues. 1960) From these d1scoverie3'and ffom the results of a great

deal of recent research by many 1nvestigators, it 1s now generally

accepted that ADP thrombln and collagen are the trlgger substnnces »

9

»
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- platefet funct1on in post operatiquthronmoembolic complicatﬁons

’,

,1nv01ved 1n platelet adhes1on and aggregat1on in hemostasrs and

o thr_ bus format1o tnese AUP is bel1eved to be th%ﬁiommon -
,unedlating substance nn all p]ate1et adhes1on and aggregat1on L

. X ' . , . - L
actmns. ' f 8 ' : o <y

-~

higang the benef1ts of th1s accelerat1on oéggﬁate]et re-'

search has_geen the aﬁgl1cat10n of mdﬁy research techniques to

c%1n1cal problems;i’Plateiet defects hgve been observed in some

) 4.

. henmrrhagic d!eeases sueh as thromuastnenia (Caen, Lasta]d1, ‘:

l'Leolerc Inceman Larrieu, PrOUSt and Bernard 1966), vou_

H1llebrand S d1sease (Ne1$s, 136u), and others bffering hope for.

©

solut1ons to ;nese heretofore 1nexp1cab1e cond1t1ons Considerab]e

-

ev1denco has” also been q;qumulated wh1cn sUggests changes in

(ham and slack 1967) 1schem1c.heart diseqse (Meubnatd and

,Ldgw]i' ! 9), per1phera1 vaéCuiar'disea§e54(Murphy Shd Musp@rd,

%2) diabetes (MOO'Iten Jenn’ings and Solden, i963), L.
houncyste1nur1a (Mcﬂonald Bray, F1e}d, Love and Javies,. 1964}, ~

cancer (Moolten, VPoran, Vroman and'Goodman 1949) multiple

4sclerosis (Laspary, Pr1neas M111er and Field, 1965). 4 ;’v'
_ hypercnolesterolemia (Gertler Nhite Lady and wh1t1er, 1964),A S

hyperyricemfa.(ﬂg;rce andﬁﬂz1; 969) and venous thrombosﬁs 1tselfl.

(bygdemah.' LViasson and Johnson, 1')60) B 3 a

o .The recognition of the ominous s1dﬁ?{1céﬂce «of thrombo-

gembo1ic disease asa major poblic health problem requires N

conszderation of oniy a.few surWeys and stud1es 1n this area.

','V,Lven though most studles include thrpmbosds 1n the general category




® . . . . we - -

N\ -+ of “heart disease", it should be rememberedythat thrombosis is-a .

i condition. c0mmon to many other types of disease including~venous

ol -

thrombosis in extremities and in congestive heart failure arterial

thrombosis in coronary OF cerebral—vessels, and thrdmbi seeded w;th

!

. canqg:f::;%f which permit metastases to_become established (Hood, __'

’ L3

195@ 5“‘.54. I ) S ._ 2 .‘ . s
e s fi réééht study (World Heéatth Organization' 1967)'indicates

that heart diseaso°was the ieading cause of death in Zz‘tountries

‘in North America EurOpe and Oceania in l964 _causing 32 5% of all
deaths at all ages, and 36% of all deaths at ages 65 years and over,

| ~In 1963 'cardiqyascular diseaSes accounted for 54. 8% of all deaths
in the United States claiming 993, 300 liVes (United States , :
President s Commissidn on Heart Disease Cancer and Stroke 1965)

‘"CardiovaSCular disease” in>Canada in 1965 was - responsible for 50%
of all deaths of all ages and, approximately 62% of all deaths at
age 45 and over (Uominion Bureau of Statistics, 1968) fhe‘

' observation of Freiman. Suyemoto and wessler (1965) that 64% of 61

L d

: ﬁ“. consecutive autopsies shoued evidence of . pulmonary thronboeubolism,
| serves only to emphasize the seriousness of thromboembolic disorders.
\‘ | The great significance and grave consequences of tNrombo
’7 embolic“disorders have stimulated much research. regarging the o

-

- effects of new drugs gand drugs already in: clinfcal u§§§ean§' e
platelet aggregation. platelet adhesion, and experinentallnodels of;/v

,thrombosis. Decreased adhesiveness or aggregation of platelets has'.
been reported with acetylsalicytlic acid (Morris, 1967), clofibrate'

($ynons, de quzeghi and. Cook 1954),~n1alamide (Ma§Ch°Uf.‘RQb1nson'-{ s




and LeBeau, 1964); su1f1npyrazone (Mustard Rowse11 and Murphy,
1966); 1ntravenous dextran (Bygdeman Eliasson and”%mlibring, 1966)
2 dicoumarol (Borchgrevink, 1961}, heparln (Mustard and Murphy, 1963),
. cortfcosteroids (Bpunameaux, 1955),.antihistamines'(Mitcheil and

Sharp, 196@), monoamine oxidase inhibitors (Shimamoto, 1961,

réserpine (Salzman, 1562)1 Prpstaglandin ET (Kloeze, 1966),

aspergifﬁus enzyme (Bygdeman, 1967), phosphatf3y1 serine (lishizawa,

19657, dipyridamole (Ennnnsh Harrison' anour and. Mitchell, 1965),
. cyc]xc AMP (Harcus and lucker, 196f) and "substance 86" (B1cher, ’
1970). o _ |
On the other hand, some agents-induce or enhante platelet

adhesion and aggregation, such as adrenafine (Mitchell and Sharp,
1964) noradrena11ne (O Br1en, 1964)8 5- hydroxytryptam1ne (Mitchell
;and Sharp, 1964), and oral contraceptives-(Vessey and Doll 1969):

: It is becon1ng 1ncreas1ngly evident that more must be f‘ ’

Iearned concern1ng tne effects of drugs uponvplatelet ﬁunct1on A

decrease in normal p1ate1et act1vity may pred1spose to hemorrhage, |

part1Cu1ar1y in. patients with latent or .overt coagulation defects.

Conversely, hyperact1v1ty of p]atelets could contr1bute'to th bot

Ydisease Drugs possess1ng such qua11ttes mlght however e useful

as- adjuncts. to the therapy of hemorrhagic or thrombotic d1sease

- Numerous drugs have. already‘been shown to potentiate or antagonwze .

antacoagulant therapy (Hunninghake and Azarnbff, 1968 Moser% 1968

3

L4

_ and others) o
“The research doCumented 1n this manuscript was undertaken

Ain an attempt to determ1ne the effects of alIopurlnol on platelet

‘.

Fomas



adhe;iveness’and eggregetion. Allopurinol (iy]obrim; Bur}oughs
Wellcome and Co.) ie a‘drug used clinically-in tﬁe treatment of’
pr1mary and sqgoﬁghry gout and secondary, hyperurtcem1a It and its
d1hydroxymetabol1te al]oxanth1ne, compet1t1ve1y inhibit xanthine ‘

’ ox1dase an enzyme which medlates the conversion of hypOxanthine to
xanthine, and xanthine to uric acid (Elion, et al., 1966). Adenosine
diphosphate hasf5een shown to be degfaqed;;by.afhumber'of plasma

" enzymds, to hypoxenthine via adeﬁosiﬁeimonophosphate,.adenosihe and
'inosiﬁg_(Heimsen and BQZenberg, 1963)¥x'The eresente-of p1aﬁe1ets?

LA

incréages the forma;ion<of hypoxanthine without ‘affecting the other
' ‘ . ’ . . ‘ ‘ } ' .
reactions involved in the degradation of ADP (Ireland and Mills,

1§64) It seemed possible, therefore that the indirect effect of

-

allopur1nol on plasma levels of hypoxanthlne and xanthine might also

affect the netabo]asn of ADP, thus: 1nf1uenc1ng p]atelet adheSTveness

‘and aggregat1on e

The 1mportance of determ1n1ng the nature of such platelet

. effects has been out]ined above In add1t1oh, some 1nformat1on

. m}ght be gained- wh1ch wou]d be of assistance in the understand1ng

- of p]ate]et metabolism and 1ts implications in disease prpcesses
- ‘_.: . . ) -
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HISTORICAL REVIEW I

C AL Early Hiét‘ory o . ‘ P
R o o

-‘_Tne earliest nention?of pTatelets as formed elements of the
: blood ‘was Donneé's (182%) descriptjon of red and white globules, and
1ittie g1obo1es ("g]obulins") observed in tﬁs microscopic studies
: Th1s h1stor1c descr1ptlon of "globu]1ns“ launched an inquiry of re-

search on plate]ets which has continued for oyer 130 years.

At about the same time as Donné's discovery, Zmnerman.n, -
'(1846) described some bleod ceIIS'which he believed were precursors oflt -
red blood'celis He named these d15t1nct1ve blood cells C
T“Elementarblaschen" and noted thelr tendency to clump together L

=

Z1mmermann was one of the f1rst investigators to use ant1coagu]ants‘by .
collecting ;orse b1ood 1n equal parts of 6% magnesium sylfate. E
o Mueh “of the very early 1nvest1gat1ve work was characterlzed

by a generous portlon of erroneous conclusions. Schultze (1865), for
iexample, correctly observed that platelets have a tendenty to'clomp o
and form granular,masséé (”Kyoel“);'but he-incorrectly concluded
that these small eiehents of:the olood were formed as the résult of
the de;tfﬁction of the white torpusdles; and thot they were in no
way s1m11ar to Z1mmermann 5‘“£Iementarblaschen This erroneous

. hypothesis of Schu]tze was later supported by Riess (1872}, who named

them‘“Zerfallskorperchen” (d1s1ntegrat1on bodies) because, he thought .

‘that they were fragments of dislntegrated white corpuscles Becadke -

< . v ; . +




as bacter1a z0$1er and Schaefer ]811).

fibrin. . .

of the var1at10ns in p]atelet shape due to varyrng co]]ect1on and hand—

Ting technlques, 1t is understandable that they were ‘sometimes descr1bed '}'

. L ©

cover g]ass~and observed platelet cldmping, nhile in thé same fear,

Ranvier,_(1873) obserVed platelet masses in the centre of the fibrin

- network of cpagu]ated b]ood, conclud1ng that they were granulations of

» [}

Using recently-killed young rats,VOsler (1874) &emonstrated

for the first time that the “granulan'masses" of Schultze were really
the aégregation of small blood cellgﬂyhich occurred as single units;jn
o ’ :

the_cirgﬁlation.

Hayem (1878?); being aware of piateléts, inco:rectly beligved

that they were primitive‘redfce1ls'(“hemob]asts“) whose functions in-

4] . r

'c1uded accelerat1on of blood coagu]at1on, as well as’ the regeneration

H] o]
)

“of the blood. . ' . S e

’

<

o . R °

- From .his observations of the ci cnlating‘b]ood of -1iving

. an1mals Bizzozero (1882) concluded that the "granu]ar masses” of

Schu1t2e were” not res1dues of white blood cells nor were they fibrin
granulat1ons as suggested-ﬁn 1873 by . Ranv£7r lt was Bizzozero uho,
in 1882, firmly estabTished the foundat1on ofOthe present day coficept
of the,plateletﬁas a distlnct blooﬂ ce11 ("P]attchen”) which has a-

‘role i thrombosis. He was able to demonstrate that the white .

thrombus cons1sted almost exclusave]y of plate]ets which had '

accumu1ated subsequent to. vessel uall 1n3ury or obstruction of blood '

— sl P m——
4

' flow Hhen accumu1ated 1n a thrombus either i vivo'on.1 v tro,

‘ Vu1p1an {1873) noted the presence of platelets sticking to a

¢

59
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-

¢ plate]ets exh1b1ted changes 1n appearanse and became unusua]1y st1cky,

9 .
. wh1qh he described as “v1scous metamorph051s“ o

-~

) B1zzozero s f1nd1ngs aroused consxderab]e controversy, with.
investigator? such’ as(howell (1884j supporting his views,.'and workers - . -
) .
such as Schmidt (1882) and LOWlt (1885) express1ng sharp oppos1t1on,

. the latter-authors stile bel1ev1ng that these "Plattchen“ were noth1ng

-more than Teukoeyte fragments. In resp@nse to, Ne1gert s (1887)

. criticism (1n that B1zzozewo séPbservat1ons were realiy arttfacts due

2

to c1rculatory dasturbances vessel combress1on and anesthesia),
Bizzozero repeated‘nls experaments on the 1ntagt vesse]s of a live,

4 c N < o v ¢ o

- unanesthetized bat {Bizzozero, 1891) confirming his previous

¢ ¢ . :
observations. = -

e

¢ . 2
- .
"o

Hayem £i§9ﬁ), and=others, developed platelet4counting

techn1ques,w1th sufficient pfof1c1ency to observe thnomboc}topen1a

<

° asgac1ated w1th certaln hemorrhaglc d1sorders

At the turn -of the century, scxent1f1c debate was stlll .
2

raging ?egard1ng the ex?stence ofvplatelets, and for those who be11eved

that they d1d in fact exist, the origin ‘of p]ate]ets was the subJect of -

O

much Spgculat1on It was Howe11 (1890), Donnnic1 (19GO)° Urlght :

:: (19]0), and others, uho re- aff1rmed B1zzozero s (1869) observat10n

z*

of megakaryocytes glv1ng r1se to p1atelets '
QO Deetjen (1901), using osmxc acxd fixation and other spec1a1 .
.:techniques, demonstrated what he be]1eved to be plgtelet nuqle1, - : .w‘~.-"_
.protoplasm and . protaplasmlc pseudopods Dekhuyzen {1901), . supporting R

DeetJen s v1ews and th1nkrng that the mammalaan p]agelﬁts were-.

. hOmologous,~1n their funct1on duf1q9 bleed1ng@_to the»nucleeted“

4
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*

5p1nd1e cel1s of invertebrates and ov:parous an1ma1s, named the

nannn11an p1ate1ets “thrombocytes” - L | ‘ N
e During most of the flPSt half of th1s century p]ate1et re-c
search was concentrated'on thrombopo1esis, p]atelet morphology
(WO1pers and Ruska, 1939) and blood-clott1ng and plasma-clott?ng

factors w1th re1atiye1y 11tt1e work being conducted on.the mechan1sms h

" involved in plate]et funct1on

. Threat of nuclear war 1nd1cated a very pract1cal need for

research on the technolog1ca1 aspects of adequate p]

fus:ons in ant1c1pated radiation- 1nduced thrombo topen1a, resu1t1nq
"in the establishment, in 1951, of_research fyhds for the ‘
1nvest1gat1on of p1atelet biochemxstry and phys1ology (Johnson 1971).

This fundxng,~the recent prominence of e1ectron m1crosc0py 4in
oo :

',nenatology, and other stioufi, 1aunehed a neyly-acce]erated period

of research-into p]ate]et function which ‘has cdntinuedlinexoraoly .
for the last twenty flve years. Thls progression of %nterest and
research in p1ate1ets has reached a Teve1 of act1v1ty at"Ihe present

.’t1ne that has resu1ted in several recent 1nternationa] sympos1a,‘

E soeaet1es, counci1s etc y whose sole 1nterests are_platelets,~and
o 1

B tbe1r many 1nm11cations, in health and disease

' ‘(1971) ha

e @

- B. ]§Development of Technaques for Eva]uatlon of PlateTEt Function

In attempts to obta1n a c]earer undérstand1ng of the role

s -of piate]ets in hémorrhag1c and thrombotic c1in1ca1,cond1tions, severaT

'techn1ques ﬁave been deve]oped to eva]uate piatelet fqé%tion Henry

9

'vivo echniques 1n

_-.. 2
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_ anima]s which attempt to simulate thrombbtic donditions These
techn1ques 1nc1ude 1nJect1on of thrombosrng substances, mechanical

trauma,, per]vascqlar appl1teg1ons qf thrombos1ngnsubstanies!,slow1n§
of the circulation:'jntravasculer insertiog'of foreignbbodies,aelegt;ic
"cunrentS‘ and altera%ions‘in diet. ) : fA ‘Q“Jfa e 03;
Of. greater clinical 1ntere;s has been the. deve]epment of ig,
v1tro tests of platelet funct1on whlch-are app11d§ble for use 1n o7

~

test}ng plate]ets-nn relat1vely sma]] samples of b]ood from’ pat1ent§

o

e _ One such 1n v1tro test is Wr1gbt 3 (1941) rotator method

a

" which 1nvo]ves the determ1nat10n of the percenfage of p]&telets, 1n

e o

hepér1n12ed blood, which adhere to the unsil1conlzed 1nter1or surface

Q’

of -a glass flask, rotat1ng at 3.5 r,p m. Although th1s ‘test 1nd1cates

abnormally eJevated adhesiveness data in post-operat1ve thrombq;1s,‘

®a

| o in myocard1al 1nfarction and in homocyste1nur1a, it is not suffscient]y

LK)

o,

o

e b

\able to d1fferentiate bé?Ween norial and abnorma] 1ndiv1dua}s

LAt agprox1mate1y the same time as the drscovéry (HEJlema .
1958) and 1dent1f1cat1on (Gaarder. et al. 1961). of°ADP as‘ihe=com-

oponent of erybhrocyies wh1ch wastthe cause .of plateJets stiéktn;$to
one another He]]em (19@0) deveJoped ttfe Hellem glass bead c&lurm

méthod,of assessment of platelet adhesaveness. This ¢est 1nyolves the

passage of ant1coagulated bTo0d tbrough,a column of gIass beads, f p

s
<

‘.5 noting,the percen;age of pﬁatelets rétaaned 1n the column by adhesion 2

»
< o

S

. @

S . . °’
. 7

to tha glass beads or by adhesidp to Qlate1éus«wh1ch had already

LN -1
9

adhered to the ggass beads Thls testq ‘as déscribéd above. and

-2 & -v'”

=_mod1ficaf10ns of it (Q,B?ien 1961 Heiéem, Odegaard and‘Ska]hegg, ﬁ?

1963) have been studied ex&ens1@e1y hu;, uﬁfertﬂnate1y, thelr clinical

o

[ I 0 o Tlu ' ¢ d

P
s ™
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s volwes the passage» of’ natlvg %Ltmd;' ﬂraun drrgctly“ f”r%om 5&5 yenjouqbcture, ‘ia? .

<@

through a golumn oqf gJasﬁ beads, gnto 9 vazuum tube cgntaqmng ant;1 Eomy

coaqulant In ttus test, athe Qnt'scco:agu"lqgntu vari",ab;’e, oand ﬂge tﬂime be? : Y
. . C’ 5 o o »

twgen’ vempunc’t&re arid gla%s bead expo»sure hageobeen oegim1matedaor v, t.

‘standardﬁzed Thé blood flog rateq,a‘on the ofhér ha?rd c,annot‘z be' ¢gn— e
: '. . o ° ° 3 c <

B R . Q

> tmﬂed and de;reases aS° the ilacuu?h %th‘é %‘tuu‘m 1iui)“ea deca"ea%es.; S
e a trg © . e T 5k
St t s : o IR e a‘ < g o %e

,,Platelet ac_ihes;veness, usxng yns teéhmquq, hasS‘ f&eﬁh’ ahowh toabe LT e e

¢ Ll 2 6 M= AR & - aa “’
°redu;ed in 1r§i1vjdua1 p&ments with) ‘von. W'iflebrand“'s lhséease (S&rauss“ AR
%o o RS

3 - ) %' [ ] '
and B]oom, 49’55) argd shovm “to becuﬁusuaﬂys‘iow 1n uremﬁ: ﬁaﬁents < g2 :
; T
°°," (Sa]‘i@an and "Nergg ]%Qg °0 Bnen aéﬂd Hemond (1967) subsetwént'iy Teo B 02
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o theﬁslope of the curve the maximum curve hefght ‘the arez under the

n ]

o gurve the slope of the d1saggregat10n curve and the tlme for dis~

)
o

.aggregation to°beg1n Even thowgh many 1nvestigators have made
' numerous mod1fications to thf§ technique. 1t sti]l hgs disadvantages,

such as- the var1ab111ty in the;reparat1on of platelet rtch plasma o,

Nevertheless, this techg1que has become SO wfdéﬁx accepted and so

, e

' oextensivefy used that a symposium was devoted entire]y to this subject

o0

a

(Vermylen, de Gaetano. and Verstraetel 1971) A,study is currently
s underway, assisted 6& the Subcomm1ttee on the Assessment of Plate)et’
Funct1on {Born. and Masan. 1971), to attempt to standardizé this

. technique- ngatelet aggregation is undoubtedly the ‘meghod of choice

°

for the assessmeht of platelet fynct1on because of the 1ncreasing]y
s1qn1fican;are1eyance of these test data to c]inica1 condit1ons

Il

(Vermy]en,o et al.,, 1,971) o ', . . ‘o

@ o

3v°. . Some%of the fdregoinq Eechn1ques fbr evaluation of platelet

8

functton have proven usefu] tn the study of c]inical cond1t1§ns with

o . o

whiqh thrombotic or bleeding tEndenciesmhave been associated Althoygh i

2

s f these technaques are extens1ve¥y used in research respecting specific

0’

dfaeases, they haxe not gained wide acceptance as d1agnost1c a1ds

p

The associat1on of arteria? occlusion with diabetes

‘0

mellitus, has been accepted for many yearSf(Feldman and ?eldman,°1954

'and ethers) Recent evidence 1ndicates that this assoc1ation can be

o

' detected with in vitro platelet’ tests. Rathbone, Ard]iemand Schwartz
(1970) using the Chand1er%nethod were qple'to démonstrate that .
thrombus formatﬁon was significantly 1ncreased in platelet ricw

pJasme rom drabetics as COmpaned with that from normal controls

Al Incre d adhesiveness df Blatelets to g1ass beads was'showq by Shaw.

N w, . %0

I3

°

a

o



d'Pegrumv Wolff and Asnton:i1967) to occur in diabetesinmllitus.,

: ° .'J a

‘Usibng‘ the Wri ght rotator lnethod and the photometric (Born)’-
¢~metﬁod, Coccheri and Fiorentﬁni'(1§71) found increased,pfate]et )
-oadhestveness and anreased platelet aggreqetion. resoectively; in

o hypértensive petjents.’o 1 ,§~ ) .D . ‘ )

" - D "'Ino the hemorrhaqic disease, tnrornboaﬂ‘stnmia, 4..p1ate1et-

° B .defect is susoected to account for the failure of these plate]ets to
agoredzte'(with the Bor} method) and their failure totadhene to glass
beads (adnesiveness test) (Hellem, 1968). | ' '

‘ ‘O' ) Syn;hetac substances (e.g. neart valve prostheses etc.),
: when exposed to blood deve]op a surface coat of adsorbed plasma
constituents to which platelets may adhere (Salzman, 1971). . Mustard,
e 'vclynn uishizawa And Packham (1967) reported that p]ateTets‘edhered

© ‘ ,to gamma globulin- coated Surfaces. undergoing a release react1on.

whereas fibrinogen- coated surfaces enabled platelets to adhere with-

out releasing their contents Although anticoagulants alone. do not e

effect1ve1y prevent fibrin depos1tion on heart valve prostheses |

. “ SR (UOuglas, 19213, there is evidence tnat ariticoagulants combined with R

d1pyr1damole résu\t 1n a sharp reduction ™ thetincidence of thrombo-_ . |
embolism in these cases»(SulWivan, Harken and Gorlin, 1968). -

_ U1pyrhdamole, and other simi]ar drugs were first observed to inhibit

o platelet aggregation in the 1 vitro Born technique, before it was

. = censidered advisable to test their effectiveness for therapeutic

prevent1on of thromboembo]ism Urugs sucn as dipyridamo)e may also

be useful 1n the preventfon of rejection-of transplanted organs. .

such reJection often being close]y associated with accumulatton of .




° -

pla

~ “wo

X . .
et aggregates in the vasculature of the transplanted organs

(Uempster, 1969), Several-analogues.ofAdipyridamole are currently,

being studied with 1n vitro5p1ate]et aggregation tests, because‘of

their superior abi]ity to fnhibit platelet aggregation (Philp.

Francey and Gibson. 1971). o ) o

N, SR

‘bgéﬁint uniderstanding of Platelet Physiolegy and Biochemistry

<

Until relatively recently, platelets .were thought to'be
. . ,

netabolica]ly inert, s1mﬁie cells, The wo;k-of many investigators,

—

L4

however, has shown that platelets contain all° the metabolic capabil-

ities necessary to 1iving cells, with the exception of reproduction.

A detailed discussion of the bfbchemica] aspects of platelets has

been presented by Seitz (1969).

hd b4

1. ‘Role: of Some Biocbemtca] and Phys1ca1 Factprs in Pdatelet:

Aggregation and Adhesion , R °
(1), Adenine Nucleotides
Suﬁsequent to Hellem's (1958) observation
,thae a substance from erythrocytes (later 1dent1fied
by baanger. gg,gl.(19bl) as,AQP) was capable of mak-

ing‘platelets'stfck'to qne{andthe;; attention was

.l

focused on.ADP“and related 9qmbdunds. ADP induces
; change in shape tn,p]atelets’from the‘nofhai‘&1sc
'shane éb a-spner1ca1 shepe‘with pseudopednt pro--
_ téuefbns ]Nhite, 1968), with the pormally randomly
:d1et;1buted granules clustered in thé‘centresloff
the dggregated platelets. There is a'consﬁderab]e

[

e
LS
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amount’ of disagheeMént redérding a possible-piate- g
. et volume change in conjunct1on with this shape
 thange (Born, 1971). Mannucci and Sharp (1967) and
“j; - - -+ others havé stated.bhat‘fhg rapid plate!et shape
change .recorded -optically {s associated with an in-
crease in platelet vo]ume Born (1970;,1971)

. " presented cgnvincing evidence that the brief, in-

creased, optical density following the additfon'bflj
ADP. to platelet-rich bT&smh; 1s-enfﬁrely due to
plateléet shape change and that there is no platelet
. - ' QP1umeAchan§e in these circuﬁstanceé
Macmi]lan (1966) observed a "b1phasic" platelet”
. S aggregation when induced by ADP or adrena11ne the .
first phase heing reversible and the second phase -
being irreversible The first phase of aggregat1on ‘
‘was thought to be due to the added ADP or adrena11ne.
whereas the second phgse of aggregation ‘has been .
'associpted.with the reieade,of ADP (Macmillan, 1966).4 1
| 5-hydro§}trypfamine (ZUCher and Peterson, 1967)-ﬁ]ate- |
"ff/ij\\ , letlfactor 3‘(Zucker and Peterﬁon, 196j; Horowitz . |

& :"“"ﬁ‘.“ . ! ) , . . ’ . '
R ' and Papayoanou, 1968) and platelet factor 4 ‘ ‘ L

. (Wiewfarowski, Lipifiskl, Farbiszewski and Poplawski,.
... 1968; Newlarowski and Thamas, 1969) from platelets.
“Zucker and-Peterson (1968) have also shown thgt
’ 'acetylsalicylic ddidlihhipjted the sgcond,phaée of
Lo . pfate1ei'aggre§at1pﬁ by 1n§erfer1ng wfth'the‘rgieaﬁe‘

of ADP from the pIateldts. Stabilizers .of biologic ~




-

.membnanes such as chlofpromazine, imipramine and
. desmethylimipramine were found to inhibit the Second
.phase of platelet aggregation (Mills and Roberts, T967)
- The uptake into the stOrage of and the release
‘i"platelet_release reaction") from platelets-of -
,"substances such as ADP, have been the subjects of
intensive hesearch for some time, and have -been disr
: n-cussedﬂin'excellent reviews (Holﬁsen,aDay and

Stormorken, 1969; Holmsen and Day, 1971). Holmsen

(1971) has sunmarized this sdbject orice again out-
lining the "three-pool concept" %f adentine |
nucleo$1des and has suggested the presence of a
'"fourth pool".- Using radioactive adenine.

nucleotide precursors in vitro Holmsen, Day and
Storm (1968)showed that- platelets subsequently
,exposed to release inducers, released non- radioactive
nucleotides and in fact, retained the radioactive

nucleotides within the platelets. These findings

’ suggested the presence of two distinct "oools" of

adenine BUCleotidesﬁin‘platelets The non-radfo- =
active nucleotides in these platelets are
considered to be the "storage pool“, comprising
‘4approxinntely 2/3 of the ATP and ADP of platelets
. These adenine nucleotides in the olatelet storage
pool are released directly into the extracellular

medium during the platelet re}ease reaction.




L ° ) N

. These storage pool adgn1ne nucleot1des are not
labelled with radioactive orthophOSphate aden1ne, :
/ . or adenos1ne and are theéx cons1qered to be

. : ‘ metabbligally’inactive (i.e., not part of the

P "métabollc pool”). Thia‘“metabolic.poggh ia on‘
the other hand, labelled bx<th e rad1oact1ve
o 'f nucleot:de precursors, and does not release 1%5
- cgntents_dur1ng_the,release rkaction. Dun}ng
the releaseereagtton: about § - 254 of'th;:ATP in

the meta

li¢ poolﬁis converted, Qia IMP, to
hypoxanth"'e suggesting that this consumption of
energy enables the release react1pn to take place
The ATP so_cqnverted has beenfdeslgnated tha

- X' "rglease energy pool”, thé third "pool“ in this

~“three-pool concapt" “"fourth pool“ was . ; D

suggested (HolmSen 1971) as be1ng that portlon '

of the metabolic pool of platelet adenine
. E : nucleotldes which.can be- demonstrated to be
proteih—bound ThlS fourth pool 1ncreases during

the release reaction 1nd1cat1ng that it is dn

th1s fourth paol that ATP is converted to ADP

4

Conside‘!hg ADP to be the common med1at1ng

factor ihducing platelet aggregation. many

1nvestigators attempted to explain the mechanlsm

. whereby ADP 1hduces platelet aggregatlon. - Gaarder
and Laland'(l964)°and Hellem and waén‘(1964) '

. .
s - . . . . e e
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D

19

pbstu!ated that ADP was bound to plateiet membranes
by hydrogen bp;ding‘gnd calciﬁm]cdmpiexétioh; thus
,effecting,plate]gt aggregation,.and that'substénces
~which were inhibitpr; of pTateleé aggregatioﬁ acted :
as compétitivelinhibitors fo} the ADP receptor sites
on the p]atelets Borﬂ (1965) and Hampton and

" Mitéhel (1966b), using different methods, determined
5

-

" that there are approx1mately 1x10” such binding sites
per platelet, at which ADP could become attached. =
Salzman, Chamﬁe}s and Néri (1966), on the other

hand, maintain that,ADb inhibits a platelet<meﬁbrane'.
recto-ATPase” which normally is responsible for
keeping the platelet membﬁane jn:ap “unsticky" sgste.
Platelets held ﬁogether Pnly by calcium bridges, has

“been suggested by Davey and Lischer (19@§f, as a

..possible mechanism. Rozenberg and Holmsen (1968)

proposed thét-adenosjne.inhibits platelet aggregation
by-uptake of adenbsfne'by{the platelets, this thaké.
requiring energy pfovided b} ATP storéd Tn the .
plate]ets thus . less ATP is ava11ab1e to induce,
v1a AUP, plate]et aggregation "The adenns1ne so .
taken up by the platelets, and phosphorylated by
adenosine kinase could also’ 1nterfere stereochem1cally
w1th’m¥ok1nase. possibdy thus 1nhib1t1ng platelgt
“agjregation. Rafélson and Booyse (1971) have shown

1ﬂnmnoh1stochemica11y that 1nterplate1et bridges



ol ' )

consist o% thrbmbosthenin These authors suggest
that 1nterplate]§t br1dges occur before aggregat1on
occurs and Hecome un1dent1f1ably merged after . .

&

platelet aggregat1on has occurred They suggest

therefore, that ADP or thrombln induces the

fformation of interplatelet bridges-of actin-like

-

and myosin-like thrombosthenin moieties.
© - : -
‘A great-deal of other work has been carried

out by.many investigators on substances, such as

sulfhydryl inhibitors, amino acids, local

.anBsthetics, prostaglahdiﬁs, adenosine, anti-

Q1nh1b1t1ng effect}pf increased levels’ ofoplatelet

. phosphbdiesterase activity, resulting in decreasgd

, inflammatory agents, and others,‘with a view o

determining the mechanism of inhibition of ADP-

1nduced platelet aggregatlon (Aledart, 1971). of .

parttcular 1nterest is the platelet aggregat1on

©

cyclic AHP.(B‘; 5'-adenosine monophosphate; CcAMP).:
Stlmqlation of platelet adenyl'cyclase°activity,
resultwng in 1ncreased plate]et cAlP, inhitits

platelet aggregat1on Stgmylat1on.of.platelet

CAMP, “enhances platelet aggregation. Adrenallne.'

noradrenal1ne, seroton;n, thrombin and collagen,
-all of which are- substances wh1ch 1nitlate the _

platelet release reaction, have been shoun (Salzman,

Rubino and Sims, 1970) ta inh1bit platelet adenyl

Q



éyc1ase~ .Adenosine, which is a strong inhibisdr of

ias p1atelet aggregat1on, is capabtle of not ofly
'1nh1b1t1ng ghosphog1esterase, but aﬂso of stimu]ating
adgnyl cyclase, both effects resu1t1ng in elevated .
'cAHP‘(Haslam and Lynham, 1972). ADP, which 15 capable
of inducing f1rst phase platelet aggregat1on, as we]l
as 1nit1at1ng the platélet retease reaction,
stimulates platelet ph?sphodiestecasel(Sa]zm&n; et
- al., 1970)° Simi]ar]y, p1atelet cAMPlds increasad
(and therefore plate]et aggregat1on is 1nh1b1ted) by
prostagland1g E (st1mu1ates p1atelet adenyl cyc]ase)
and caffe1ne (1nh1b1ts platelet phosphod1esterase)

o

(Sa]zman et al., 1970}. The cons1sxency of thege

© ° Q"

E ‘ observations suggests that cAMP may in some way

“ provide. a basic mechanism of platéetet aggregat1on.
c.omnn‘ to most or all of the known indiucers of
platelet aggregation. Mills and Smith (1971) obtained
similar results in which adenosine, 2-chloroadenosine,
isoproterendl, prostaglandin E], and other drugs
wh1c%~1nh1bit phosphodiestérase, were. shown to

1nh1b1t platelet aggregat1on probab]y by a common

mechanism involving cAMP, e




" noted- that platelets aggregated by tendon eitnact

'.Collagen

resulted in the supefnatang having the ability to

Even though "Bizzozero had demonstrated in 1882- .
that a white, platelet thrombus accumulated at the

site of vessel wall injury, it was not until 1959

Al

'that Bounameaux repocted that fragments of vascular E

endothelium when stIrred ‘Wwith platelets, resulted
in platelet aggregation Hugues (1960) demonstrated’

that thie portign of conriective tissye which induced -
blatelet dggrégation was collagen.. Hovig-(1963) |

|

dnduce abgregation in other platelets,‘leading“te
’ to -

the theory- that AbP and other substances released
M

from platelets in contact w1th collagen and not

collagen ltself are respons1ble for colldgen- R

1]

" indgced. platelet aggregatron It'is also known

. collagen, also adhere to. vascular endothel1um and

ﬁcons1derable controversy still prevalent regardlng ’ I ;

.the precise mechan1sm of action. of collageﬁ<<; an

~ that- platelets, as well as adherlng to exposed

¢

o

exposed basement membrane (Hovlg. lQ}l Warren and L

+~Vales, 1972) Aledort @l97l) summar1zes the

eréy

is probanly understandable the data of legrand
' and Pignaid (]97]): and thers, are considered t’if

.regardind the: vani ity of co]la%fn preparations

inducer of platelet aggregagjop ,~This contr




. .f . with reSpect to age and spec1es of the coll en’
g / "“ f. " ‘,'source materlal the purity ‘of the collagen i
" -;, " : ‘“suspenc1on ‘wnen prepared and ‘the standard1zat1o

Lo ' of technzq&e necessary for the proper use of
: ° '1~" T '='_ o collagen suspens1on Although fwo collagen | .
. ' . . ‘_preparittons are—under study (Uay and Hardlsty, ' S
‘\ 1974), and’ one such preparatlon may become * _o‘ '
’ 2, - ,' S ' ‘,“ G . accepted as a standand collagen varlab1l1ty 1s

’. | | . still a prohlem-at tﬁe present tJme." -
*,.—.. - 0. Gout and Hyperumcemta—m “ a"" S 'G_ s
o . lﬂx:a-"‘ SR el L

- . - . AV e

Geet has been of concern to nank1nd sance anc1ent times,,w'

N L N -

¥

. ; ,f-. observable : H1stor1callg, it 1sarecogn1zed (McCarty. 1970) that '
AR o prpocrates (ﬁbO 377 B C») asjﬁE?E?Eﬁ“quL_WIth adulthood that”

-‘Galen (129- 199 A 0. ) recognﬁzed familial gout, and that von Leeuwenhoek -
‘“(1632 l723) was the £irst €0, make mgcrpscop:c observat1ons, in 1679,
oof urate crysta]s from 2 goufy ‘tophus . In 1848, Garrod contrxbuted

Py

:greatly to modern clln1cal d1agn051s of gout by’observ1ng dbnormally

'“_elevated

than 1900 years ago m attempts to rel1eve the d1sc mforts of gout. )
:,Colch1c1ne s cathartic effect was consrdered benefi,ial to gbut .

.-patlents in the sixthe century A. D It uas not until 1951 that

=]

jmyobenecid a by product of pen1c1lltn research was used clinlcal]y

. ", ' as' . ur1cosur1c Sulf1npyrazone, a metaboltte of phenylbﬂta:one, ’

K4
’

r [ f .
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: 'A;;Lﬁg‘\tgggdfio have ur1£osur1coeffects and was used=£11n1ea11y for that

EREA s o’

purpQSe in” 1957 Fhe 1ntrqduct1on, in 1963 of ailopur1nol, ndt a

.; ° s C’

) ur1eosurﬂc but acxanthnne oxidase ‘inhibitor s to the drug

3 " &

armamentarrum for the treatment of gaut and hyperur1cem1a undoubtedly ‘

«

\iera1ded a: new era ‘ an anc1en€ .dtsease. Th1s drug was found to be

>

cap le of 1nh1th1hg xanthlne ox1dase anqenzxme necessary for the

P— - <3,

f',~ format1gn of UPTC ac1d from hypoxanth1ne and xantthe 0 7ﬂ" o

a5 -

:i:= E T AFthough gqut has an inc1denﬁe of dbout 0.1% of the

i - popu]axaon, hypefur1cem1a (with 6r w}thodt gouey s1gns) has an.

>

Lo inc1dence of 3.5% of the populathn E Normal levels of urate in the

-

hum&n serum are 3;5 mg -% w1th bhe theoret1cal 11m1t of solub1T1ty

s &

.9
N

df monosod:um urate 1n §erum at approxamate]y 6.3.° ag. Gout 5

pat1ents, therefore,’ hav1ng senum urate levels of -12 ~%; have a

£ &

. '“super saturated se}ution" of urate in the1r serum The reﬁorﬁed

©

e aff1naty.of urates fop cennect1ve t1ssue (Katz and Schubert, f970),

LN

" has -been suggested as an explanatlon for the preferentﬂal precipitatlon

®
o of. urates 1n-301nts jljtzdw : ";f ; o : T ,f
. CeT Plasma glutamgte levels have.been fouhd xo be’ marked]y
elevated 1n gout with redu;ed ammon?a’excretxon ]ead1ng to 1ncreased
- ur1nary ac1d1ty and development of urate stones in the kidneys ’ .
o (Pag11ara and. boodman, 1969) It was posguiated,.thereforeg that\

perhaps gldtam1ne was be1ﬂg utilized to prodhce the -urate ‘found in’

Y el

abnormally high quanff%aes in gout patient§ e:f‘“:° T i

-a.r Pauius, Cout%s, Ca1aprd and K]inénberg (1970) reported

T 1

that 20 of hyperur1ceunc hospita11zed pai1ents studied were -

hyperur1cem1c due to decreased urate excret1on associated with

. - 2 X . < - . :
’ - > B e 24
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.i>i diuret1c thérapy

f‘,‘-

iy ﬁe?'(ﬂ Hyperuri;em1a haSsa]§& heen shown to be.assoc1atea w1th °o'

~many dqseases andostates GScott (1969) Bluhm and R1dd]e Q1973)

e

.and others) ‘such as 1%ct1caczdem1a, streSS conqest1ve hearf ‘2'% :

2 “o

s fa11ure °hypertens1ow hemd*hpag1c shock c@ncer and thromb031sh

-] ]
.

« f‘DOf experwmental s1gn1f1cance 1s the wUrk af°Johnson,; °q'

9
cﬂ

T Scavr1c and Ehartrand (T969) and Staur1c, Nera Johnson and Sa]em

- 0

61973) in wh1ch ‘they demqnstrated that ﬁota§%1um oxoﬂatg gnhtbitlon

L

& of ur1case in raté’resulted 1n°hyperur1cemfa hvperurﬁcoshria- o
. - ) & “ . -3

e}evated blood uflnary n1trogen and majtlple kidney s%ones 1n rats,

_fc wh1ch c0u1ﬁ then “Be consadered an°ahima] mode] fgr fhese eondrt1ons

- I3
o
©

-or. drséases. o

vose s
2 ;o." «

: E.; Pur1ne Hetabeldsm -
, o e g

Q’Jl% Pur1ne Q;tabo];sm, anchFfeCt& of A]]opurinol

o ‘e »

Purines, 1ﬂmortant tonsxltuents of, nuclelc ac1ds, a;e

<o

'9%, catabo?azedfin a’ varﬁety of ways. deﬁbnding upch the species

)

e % (Harbé}s, ngagk ana Mul]er 1968) The end pnoduct of o
'g%= purane cat&bolism 1n humansi°hfgher,apes, reptile&ﬂand birds
s uric ac1d; usua}ly excﬁeted via, the k1dheys - “Many anima]s,

? 9

bowever,oby the actﬁOﬁ of ur1case, aré. ab1e to. qa;abolize -

-

S uria acid to a]lanto1q Aﬂl pufiges are cataboiized in man

to a common product, xanthine, whigh }n turn is cataboli;ed

to ur1c ac1d 0f particu]ar 1ntenest are the,precﬁ?sors to
) 5 o

xanth1ﬁe<which are hypoxanthine, 1n051ne” adenosine, AMP
ABP and ATP respectively Xantﬁine ox1dase which mndiates




’ the conver51on of hypoxanthine io xanth1ne and xanth1ne to

G

o uric ac1q is inh1b1ted by a]lopyrinol and by the‘metaboﬁite°

]
° = e

, Dof allopurino] e]loxanthlne ghis enzyme iphjbitiOn by

0%

a]iopur1no] and aJloxanthine interferes with the production L

E-4
- o @ o

" of ur1c°qc3d thereby lowering.serum urate levels

- v °e P
° ° P o . F

° - o -

2. Pur1ne B1osvnthes1sﬁand Feedback !nhib1t1on , o:"; .

2

The b105ynthesas of“purlhes involves, firstlv, the

- )

ut111zation of r1bose 5- phosphate ATP, glutamine, qucine, ..

carbqn d1ox1dé and forma¢e requting {h the formation o? ‘
1noswnﬂc ac1d £1MP). The IMB “ts then transformed -into.. <.
‘~=a guanes1ne:monophosﬁhate (GMP) andaadenosine monaphnsphete (AMP)
- Subsequent phosphofylat1on of KHP results 1n'the format?oncof

Q Qr

ADPand TP e e o

oo z ’ © o N ]
’ o

“: ~>Even bhough a]]opur1n01 has proven to be, anoeffect1ve°drug ¢
for control}1ng purlne %atabolism by 1nterfering with uric “
acid product1op, it mlght be more effic1ent to contro] purine '
°:°b1osynthesis at an ear]y stage " thys redqcing the quantity
'of urate precursors - Some- known physiological "feed- back“

. gontrol]?ng mechanisms have been outlined by Seegmi]her 11970)
'The rate—]1m1t1ng step 1n puriﬁe biosynthesis is that in which
_~5«phosphoribosyl l»pyrophosphate (PRPP) is uti]ized in the

formatiqn -of . 1nosin1c acid tnosinic acid along with
quanyldc acid and adenylfc acid act as feed back inhibftors of

:;PRPP PRﬁP is. alsp.involved in. the conversion of guaninelto

guany11c actd and of hypoxanth1ne to inosinic ac1d bath

oL

[




‘destruetave traits. demonstrated. narked]y e]evated serum -

'flndan patients with onty a partial HG- PRT deficiency

who° ‘normal neurologicaﬂy and who exhibit no self’—-

reactions béing mediated by nynoxanthine-guanine
phosnhoribosy]transferase (HGmPRT) HG-PRf is thef;-
fore an enzyme which is act1ng as an lndirect feeda .
back 1nh)b1tor of PRPP Of 1ntérest ‘here, are the ) ¢
find1ngs of Lesch and Nyhan (1964) in which certain

1gd1viduals witl neurologlcal abnorma]ities and self-

:u?ate levels. Th1s conditlon thé Lesch Nyhan Syndrome;

was suhsequentﬂy shown to ‘be due top a def1c1ency -of .

>

HG-PRT resuﬂt1ng in e]evated urate leve]s due to

- inefficient conversion of hypoxanth1ne to: 1nosin1c acid

&

‘and thus 1néff1c1ent feed back inhibition of PRPP by
ulnos1o1c acid (Seegmi1ler Rosenbloom and KeTlv, 1967).

'Kogut Uonne]l Nyhan and Sweetman (1970) reported

o a

) muf111at1on “even though they have elevated serum urate -

2 .
L]

1evels The severity of this condition .may, therefore,
be qroﬁortiona1 to the, extent of the HG-PRT def1c1ency
In both total and partia]fHG~PRT deficidhcy, use of

o

allopurinoﬁ has been beneficial.

o

' Poma]es, Bieber,. Eriedman and Hitthings (1963) showgd

-that al]opur1nol by inhib1t1ng xanth1ne oxidase re- ”v - L

-'suLted in a greater accumu]at*on of xanthine and

hypﬁxanthine and caused a grehter re-incorporat1on of

hypoxanthine jnto nucleotides and|ggfletc acids.




L ]
3

~". The findings of Kelley-and Wyngaarden (19705; 1970b)

are indicative of the continued interest in the role df S
. D - \-_-\-‘ L

allopurinol 1n feed-back control of purine biosynthesis,

l

Using cultured human fibroblasts as an in vitro model,

these authors found that allopur1nol and alloxanthine
(oxipurinol) inhibzfed purine synthesjs de qug. They
postutited three possib1é‘m3cﬁqnisms for these effects:
. Al1opurinol or oxipurinol, acted upon by
"HG-PRT could. result ig.allopurinol-or .
oxipurinol-ribonucled®™de, which in turn ° .
would inhibit PRPP, J'
2. _Mllgpurinol, by.inhibiting xanthine oxidase,
provides 1ncreased quantities of xanthine
and hypoxanthine .the latter resulting in
increased production of inosinic, adenylic
° and guanylic acids, which would 1nh1bit PRPP.
3, Since both allopurinol and hypoxanthine '
require PRPP in the fo jon of allopurtinol °°
" ‘ribonucleotide and hypoXanthine ribonucleotide,
perhaps the formation 4f these ribonucleotides

‘causes a depletion of intracellular PRPP which-
\;- may decrease purine biosyﬁthesis

The third poss1b111ty above was conf1rmed by Fox.
Nynqaarden and Kelly (1970) when they reported that the use :
of allopurinol in qout patients resulted n a significant
reduction in their erythrocyte PRPP content They were also
able to demonstrata in vitro and in, vivo, that this deplgtion
of PRPP resulted from the enzymatic conversion~of allopurino1
to allopur1nol ribonuc!eotide a reaction whtch required PRPP

and thereforetlowered the PRPP levels in erythrocytes ;

-

*
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METHODS o »

-

A. Hematological Techniques and L[xperimental Subjects .. .

E)

A1 syringes used in these technidques were either plastic
,diqusaﬁle or siliconized glass, AlL-q1assware was siliconized.
1. Tollection pf uiood Samples ’ - - .

)

(i)  Pats | )
. Rats:(mélﬁ; Spraque-bawley, i50-250 gm, ) were .
aﬁesthétizéq with-by mg./kq; of pentobarbital sodium

_(Hembutal Sodium, Abﬁo{t) in order to expose éurgicai1y
the inferior vena cavg from which 4.5.m1. of blood were
colTectéd using a 22 qauge, 1 ‘in. néedle and a 5 ml. |
sy?iﬁqé containing 0.5 ml, of 3.8% sodium citrate (1.e.

- Q:l.‘blbod io-sodium.citrate'solution); After adequaté
mixing by qgentle 1hvérsidn, 3 ml, of blood were trahsferréd -
jnto;aftést-tube‘¥or p]Atelet-;oynt1ng aod‘for the . i

prepard;{én:ef citr;ted.’p}ateietvrich plasma ‘CPBP)I -The -

remaihinq 2 ml; of blood were used to determine‘ﬁfatelét

Sdhesivaness. |

(;i) Rabbﬁts

(a)‘ Qirdiac:Pdnqtufe ‘
ﬁabbits (male; California or Newn}ga}and‘white.
.+ 2.0:3.0.kg.) were anesthetized with 35 mg,/kg. . of

pentobarbital sodium;fnjécted into a marginal ear

208



- vein with a sterile, 26 gauge, 1/2 in. needle and a

sterile, 5 ml. syringe. The chest area of the rabbit

was clipped and was swabbed with 70% ethyl'alcoﬁpln

Using an 18 gauge, 1.1/2 in. needle, aseptic cardioc

puncture was‘ef?ected through the'third left inter-

costal space 4 mm. from the sternum (Schermer. 1967)

“ A stethoscope was held against the left s1de of the

. (b)

chest to confirm left ventricular cardiac puncture.

. Approximately 10-15 MI ‘of blood were withdrawn and

PRI

mixed as before, with sodium gitrate for the

preparotion of citrated, platelet-tich p]asma (CbRP).f~

platelet counts and the ‘determination of platelet

adhesiveness.

Intravenous Cannu]ation

Rabbits were anesthetized with 20% ethyl

-urethane (ethy) carbamate) in saline, given intra- -

< venously via the marginal ear vein until a suyitable -

" surgical level of anesthesia was obtafned (usually

approximate]y 2. gm. /kg ). The trachea was cannulated
to ensure unobstructed resp1ration The right, '
Juguiar vein and the right, carotid aftery were

cannulated with Ioiraoedic} polyethylene tubing

. {Clay-Adams) PE 160. Each segmeént of tubing, with

an 14 gauge needle attached.tuas filied.withtsaliné

_prior to installation in the blood'veSSéi., This-




L (§i)

(a) VOral)Therap} with Allopurinol -

tubing was kept‘patént by_periodic wofhorawals of .
1 m?. of blood'with subsequent sa]ine flushing. °
Sévenimil]i]itor.blood samples ‘were collected via
fhe cannu]a;éd‘carotid artery'ai Ztmfn. before and .
at'2, 16;‘32, 64. 120; ibo, and 240 min. following
the-intravenoﬂé injeofion'of a orub A portion of
each sample was ‘left at room’ temperature ‘to clot. ‘
'The remainder was anti«coagdlated'with sodium citrate, .
as before, for determination of platélet counts,_ . .

.pocked cel] volume (PCV) and platelet aggregation

in CPRP. - . *° . &

Human Subjects . ' _ T .
- Approximately 5 ml. of blood were drawn from '

vfhe cepnal1c vein in the cubital fossa using a sterile,_:

-18 gauge, 1 1/2 in needle -and a plastic. 10 ml. -

syringe.. After disengaging the needle frﬁm the syringo. |

this first sample was discarded without removing

the needle from "the vein, two, 10 ml, samples were .

col]ected in separate syringes A further'5 ml. blood

sample was similarly coliected to be used. for—serum

urate determination . The blood uas anti-coagulated as

before and transoorted to the’ laboratory in an in-

sulated carrying case at approxwmately 20° A11quots

were prepared for platelet counting, plateiet.adhesive—




o

': - " ness degenafnations;and aggregation spudies on
| CPRP. | |
(b) _plood Dbnqrs‘%or iﬂ_gjsig_Studieg | ) T :
- A sinéle samp le of appéoxima}g1y 20 ml. of
| ;_ " blood was collected and*anticoagulated, as.describéd-‘
in (a) for the preparation of. CPRP '

Blood donors were all healthy young’ adult male

.and female volunteers who had not ingested -
acetylsalicylic acid or any other platelet-affecting

drugs during the seven days preceding the blood donation

.

2. Packed Cell Volume (PCV) Determination

M1crohematocr1t tubes conta1n1ng samp1es of ci;rated whole
b1ood were flame-sealed-at one ‘end, p]aced 1n transparent
segments and centr1fuged at aoprox1mate]y 3000 r.p.m. for 10 m1n
in a- Microhematocrit Centrifuge (Measuring and Scientific
Equlpment Ltd.). Packed Cell Volumes (PCV):were ‘measured with a

Microhematocrit Reader (Méasuring and Scientific Equipment.Ltd.)

-3 Blood P]ate]et Counts
Blood samples were diluted 200 t1mes in Adams. red ce]l
pipettes using the Wright (1941) modification of Reese Ecker 3
o d11ut1ng fluid. Platelets were counted visually. in Spencer—

Bright Line, improved. Neubauer, hemocytometer chambers

i)




4, E]ate]et'ﬂdhesiveness.uéterminatiﬁn ' e
. " .A modification of the glass-bead method introduced: by
He]lém-(}958), and Jater fJ]ly described (Hel1em.L1966),‘yas used
to measure the adﬁesiveness‘of platelets in'whole'blood. In this
phocgdurg,,citratéd, whole b]qod is‘driveh-verticallv throuah a
column 8 mm.. in diameter qbntaining 5 gm.'of glass beads (B.
- Bréqn, 0:5 mm. diameter, Canlab)_at.a éonstant rate of 1 ml./min.
- Platelet adhésivgness was defined as the percentage of .the
platelets 1n‘the orig;ha1 blood sample,wh}ch adhére to the glass

- beads:

Percent-Adhesiveness = Angrggjnal Count - Fipal Count) x 100 °
‘ : T . . 0r1q1naT’Cbunt

5. Preparation of Citrated Platelet Rich Plasma (CPRP)
Cft;ated ‘whole blood was céntrifuqed at 750 g. for
90 sec. 4in an 1nternag1onal €linical Centr1fuge, Model .CL. The

supernatant CPRP was drawn of f and the CPRP p]atg]et count

determ1ned in preparation for its dilution.

6. Preparatioﬂ of Di]uted CPRP

The CPRP obta1ned as outlined above was di]utedg to a pre-

G

determ1ned plate1et contentration, by us1ng as the d11uent ce]!-

free c1trated pTasma obta1ned by centrifug1ng a portion of the *
or1g1na1 c1trated whole blood samp]e at 750 q. for 10 min. in
an International Gl1nica1 Centrifuqe Model CL. A plate]et

" -count was then determifed on the diluted CPRP bo‘ﬁec%ﬁy'tﬁé ,ﬂ

des'ired p1ate1ét(conéentratiqn.

&%
[
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~The diluted CPRP was then p1petted, in a11quots of 0.3 ml.
c for rat and rabb1t samp]es, and 0.35 ml. al1quot§ for hifman
samples, ifito aggregometer‘cuvettes, eagh containing a‘si1iconized
stain]eés steel magnetic'stirrer,cfn preparation for the platelet
aqgregation determination. A . )
Platelet Aggregation “Uetermination as

g’ ‘Platefet aggregation was measdredhby almethod based upon
that introduced by Born (1962), and by 0'Brien (1962}, and’ sub-
. %equent]y modified by thhbertson andiHi]]s (1963) to permit

*automatic record1ng

-
£

. A Bryston Aggregpmeter connected to a Bausch and Lomb VOMS
chart recorder was used tekmeasure changes 1n the opt1ca1 e
density of -stirred rat and rabbit CPRP upon the add1t1on of

adenosxne d1ph05phate (ADP) or collagen. Before edch experImeht

was begun, the aggregometer was standardized by setting the base-

) 11ne with an opt1ca11y-dense standardo(o D. = 1. 6) and by setting‘

the sens1t1v1ty with a standard of low 0pt1£al dens1ty

(oo 057) e
A]1 rat and rabbit platelet aggregatf%n determinatnons were~

ndertaken at room temperature with the CVRP st1rr1ng speed

4 fo'

34

ma:nta1ned at J100 r.p. m “A h1gh degre& of accuracy was achieved .

in the add]txon of 'ADP, or co11agen suspepsions, by the use of an

”Aqla" Micrometer G]ass Syrinqe and a M1crometer Svr1nge Driver
(Burroughs Hellcqme.,andrCo.).

& .
Fl -
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Platelet aggregetion tn human’ CRRP was carried out in a
manner s1M11ar gd)that described above: except that in this
1nstance the a11quots were warmed to 37°C. and held at that
temperature for 5 min. prior to their 1nsta]Tation in the .
aggregometer' The Born Aggregometer (Department of Pharmacology,

Roya] College of Surgeons, Londonw England) connectéd to a

Rikadenki Kogyo Electronic Recorder (Model B 141) was used for

the aqgregat1on determ1nat1ons in human CPRP. This equ1pment.-

iemp1oys a water-jacketed cuvetteghousing, mainta%nfhg the

‘ temperatune at 37°C,'during the aggregation.determinatfon. .

2 . . ’ -2 0:

Serum Urate Determination, . s e . e

Serum urate Jevels in human blood were measured in the

Department d?'Laboratory Services, -westm{nster Hospital, iWith an'

autoana]vzer employ1gg a modification of the orthophosphotungst1c'

' ac1d co]or1metr1c method of Fol1n and Den1s (1912)

Serum urate 1evels in rabbit bloqd were determined 1n this
laboratory by f1rst centrifuging the clotted blood sqmples at
15,000 r.p. m..in a Sorvall SS-3 Suoerspeed centrifuge for 10.min:
The supernatant serum was removed and assayed for urate content
accord1nq to the phosphotungstic acad colorimetric’ method ofo
Ne]ls (1968), emp]oy1ng a Zeiss MM12 Spectroghotometer connected
to a Zeiss PMQIl,Recorder Al urate levels were subsequentIy
read from a prevtousﬂy-determined curve of standard urate and

optacal dens1tv readings
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Ed

) ¢ ! ‘ ’ JJ— ‘ ] >
Determination of Total Nucleotides, $
Adenosine Triphosphate (ATP)@ -and
Adenos1ne Diphosphate {(ADP)

E%een

For the aden1ne ndcleotlde assays, rabbit blood collected

by cardidc punEture\mas anticoagu]atedlwifh 0.5 m1. of 0.077 M.

disodium ethylenediamine ietraacetate’(EDTA) (Fisher, A.C.S.)

solution to. which was added 6.5 ml. of blood. This. mixture was'

mixed as- previously descr1bed and refr1gerated for 15 min, at®

<

A]l centr1fug1ng deta1ls descr1bed below were carr1ed out

<

Sorva11‘5uperspeed, RC-2B automat1c, refrigerated centrifuge

',+49C._ The platelet re-suspending.procedure outlined below

‘is a modification of the method described by Has1em (1964) and

that of the firefly luC1ferase assay of ‘adenine nucleotides is a
mod1f1cat1on of the method described by Holmsen Holmsen and
Bernhardsen (1966). DetaIIS of the re- suspend1ng flu1ds,
standards .enzyme’ preparat10ns, luciferasé preparatlon etc are

oyt11ned in Append1x 1. The following briefly describes the

prpcedure emp}oyed‘1n thgse adenine nucleotide assays:

R / .
(1) The EPTA-anticoagulated, cooled, blood
K es were centrifuged at 120.q. for
10 min, after which the platelet-rich
. plasma (EPRP) was, removed

(2) _The EPRP- was centrifuged at 75 g. for
" .5 min. to separate the remaining few .
erythrocytes from the EPRP, -after which '
.this "refined" EPRP (EPRP(R)) was removed I
and thie platetet counf”ﬂetermined oL o

- (3)" The EPRP(R was centrifuged at” 3000 g.
© for 10 min. to separate the platelets
. from the plasma, after which the plasma - .-
v was removed -and an equal volume of ‘ ' :
: Suspending Fluid No. 1 (S.F.No.1) was S -




(),

added to the platelets.

‘The p1ate1éts were resuspended in S.F.No.]l
by agitation in a Vortex Test Tube Mixer

(Scientific Industries,

. at “high" speed.

Model K-500-4) -
Agitation was continued
* until the platelets were uniforml

" resuspended (approximatelv 2 min, {. This

2

resuspension was then centrifuged at °

3000 g. for 10 min.

from S.F.No.1.

The S.F.ilo.1 was remo

to. remove the platelets

ved and an.equal

votume of Suspending Fluid No. 2 (S.F.No.2)
was added to the platelets following which
they ‘were resuspended by agitation as

" described above.

The ‘platelet-count in .

S.F.No.2 was determined and then this
resuspension (in S.F.No.2) wds frozen.

Samples in S.F.No.2 were frozen and thawed .
"to 1yse the . platelets.

three t1mes, in tota1

" The nlate}et lysates were f1na11y thawed
-and centrwfuged at 12,000 g. for 10 min.

to remove the ce]]uﬁar debris.

Two

milliliters of the supernatant (Sy) were
-removed and added to'2 ml. of 95% ethyl

alcoho]

previously chilled on ice.

This ‘supernatant- a]coho] mixture was
centrifuged at 3000 g. for 10 mim. to remove
any alcohol-insoluble, proteinaceous or other
matter, following which this supernatant -

. . {Sp) was used to assav for ADP and ATP, °

T Assay for ADP

1 n ml of S» was added
to 3.0 ml. ?
ohosphoenoipyruvate-

‘pyruvate kinase m1xture

.‘(PEP¢PY(A))

LY

_The’ mixture in {a) above-
" wa$ warmed at 809C. for
6 min. and then coo?ed

© on fice, L

activated -

(a)

Assay for ATP . -

1.0 m}. of Sz was
added -to 3.0 ml, of
fnactivated phos-
phoenolpyruvate-- -
pyruvate kinase.
mixture {PEP- PK(I)).

" The mixture in (a) above
"was warmed at 800C, for

6 nin. and then: coofed

;on ice.




&

: Sr @ .
. (é) 0.5 ml. .Firefly Lantern - (c) 0.5 m1 ‘Firefly Lantern
. Extract . {fLE) (Luc1ferase7 . . Extract {FLE)
was added to 1.0 ml. ] . ¢ L {Luciferase) was added-
“the mixture in (b) above -, to 1.0 ml. of thé mixture
and the, light emission L . .in (b) above and the
-measured as outlined below e ~© light emission measured
. C as outlined below. *

N E
;9
: -

(9)" Light emission was measured in a Beckman -~
- - standard siTica cell in a specia ly—
‘constructed. 11ght~proof cell nouking. ~ /
FLE-was added to the ‘test. sample- with-a
1.0 ml. g]ass tuberculin syringe attached -
to.a 19 gauge, 2 in. needle, through 4
hole.in ‘the cell ‘housing cower,- The
. light emission was received: by a photo- .~
maltiplier tube (type 931-A) which was
also contained in ‘the cell housing.
 The photomultiplier tube was connected to "
" a Photogultiplier Htcrophotbmeter :
"~ (American Instrument Co. Inc., Model
10-213) with-meter multiptier-setting at
~0.01" and sensit1v1ty 'setting at 50° ;
" (maximum). ° The scale deflections dis--
played on the Hhotomu1£1p11er Micro-
. photometér were recorded on a Baus¢h and
. Lomb {VOMS5) Recorder set at 0.1 volts
R C and chart speed of l in. /m1n. T

o
o

»

_ Tne eatent of the>1nit1al deflection
was measured {inma.) in-all test samples
with subsequent gonversion to-“%- Transmission”
and ug. ATP/m). of sample”, using &
C'previously determ1ned ATP Standard CurVe,

: Unknown test samples were- always ‘
tested. in conjunction with Standard ADP and-
.. ATP ‘test samples in order to routinely
- " reaffirm the atcuracy of the ATP Standard
L Curve ,

o-

L Subsequent calculat10n§ emp]oy1ng
" the platelet count in S.F.No.2 dnd the-,
_detérmined u% ATP/ml.. of test sample,
he

~ _resulted in

, uMo]es ATP/lO } p1acelet
RN vq}qgsf_; )

L




. JPreparatlon and Storage of Aggregat1on rnduc1ng Aqents
®

.Adenos1ne Dlphosphate . - -

<
PO -
o -

-Adenos1ne dlphosphate (ADP) (Calb1ochem) was stored in

‘ﬂthe dry, frozen powdered state . U51ng accuratelv we1ghed

-4

small quantltles of ADP, a 2.5 X. lO H._solutgon ﬂas prepared.

Thi§ wasedivided into seversl;ismell aliquots-ahd frozen for'
storaqe Pr10r to each aggregat1on exper1ment one of ‘these
‘ .allquots was thaweq, and esed only after 1t had warmed to room

<

temperature.

e

.J.Collaqen Suspensions=

‘o

F1ne partlcle suspens1ons ‘of. collagen were prepared by

bulver1z1ng lyophyl\zed, shredded .bovine’ ach1lles tendon

3,

(General Blochem1cals) in an Omni Hjxer (Sorvall,nType oM) for
. ”?5 min. gusoendanq the m1nced tendon-1n 0. 9“ sodlum chlor1de

aod centrlfug!ng ata750 a. for 4 m1n to remove ‘the, larger

2
e

oartlcles The fine- part:cle suspens1on was removed and stored

;et~+4 ( and varmed to roomvtemperature before being used
Jespwte rrgorDUS efforts to maintaln a standard:zed techn1que

g of oreparai1on and -0 standard1ze the optlcal density of the

2

collaqen suspens1ons c0ns1derable varlatloo of the aggregat1ng

© o

potencv oCcurredufrom Jone batch of collagen suspen51on to

- - a @

~enother [xoer1nental results were therefore compared dnly

'when a q1ven batch of collagen suspens1on Was used throughout

¢

.that expgriment. * - . R
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D; Comparison of Aggreqation Curves

a

L

C. Preparation and Storagé of. A]Ionurin01 Preparations ,.ﬂ

- E} .
T - . - s N

'uc’Allonuﬁihqlffof oral ﬁse.jn rabbits was accurately weighed

into hard gelatin capsules (Lilly-No.1) and stored at room ‘temperature.

Identical capsules coﬁtaining a comparable quantity of lactose were

prepared for .the control group of rabbits. ‘
: - B 1

. ¢ Fol .
Sodium allopurinol. for intravenous use in rabbits was' =~

prepared bv the addition of }0 mt. of dtstl]led water to 500 mg. of

Tyophilized, ster1}e sodxum allopurinol resultlng in a JO-mg /ml.

Q
~ o

solution. = = ' : "

T ~

For in thro stud1es. the re- constltuted sod1um al]opur1nol

_descrlbed above “wWas further d11uted wlth d1st1lled water to a.

o

concentration of 4744 x 10°M. o,

r

1. ADP-Induced Platelet Aggredation at 23%

'(1)_ \qgreqatlon lndex * .

-’ ‘ As 1nd1cated by Hoods and Clarke (1971), the
decrease in opt1cal density associatgd w)th'ADB-{nduced
p]atelet aqqreqatlon (qs détennined by tﬁe Born (1962) ‘o
me;hod) does - not obey Beer's Law 1f the platelet caunt .

is above 270000/mm. 3"

In an attempt to overcome this.
and other problems associated w?th quantification of
5 f .ADP induced platelet aggregation curves, a trans-
' ,formatlonatechnlque was develope& wherebv an expreSSIDn“
of denSItY (Dens1ty Unﬂts) was found to be prOport1onal

to tﬁe recrprocal of the twme {seconds) aftér the ©

v 4 . *,
. . “ a
’ e . .
f A ~ . .
’




8 ) - . .
additien-of ADP. The re;ults ofthiS'trqqsforMatiqp N
and the Subseqeent,ea]culatiohs yielded a va!ue which
o, L. Was termed the.Agéregation lndex.. the va\be of the ° ;x
| Aggregation Index, thus, is a ﬁethod of {nteg;atioh of |
E ,"‘ I tte rate and e;tent of ADP-induced platelet aqgregatioh;
| " The Aqgregation Index is directly proqv;tional to ‘the
rate andfor the extent of aqgreqat!on The method for .
5 , ‘ calculatvon of the Aqqreqation *Index is described ]
- ' . S »fu]ly in Appendix 1. Lronberq (¥971) has-deserlbed a
' method of quantitat1on of platelet aggregation curves,
: ). “'°51m11ar to that described above, 1n htch he. .
demonstrated that the. percentage of llght begms pa551nq

.through’PRR was inversely pnopprt1onal to the reciprocal

b

of time, using a semiloqarithmit plot.

(ii) Rate o( R1se and- Curve Hetqht
Ihe rate and ‘extent of ADP- 1nduced plate!bt
'qqgregat)on were somet!mes determined-independentlv'bv,
ﬁeasgring;the~rate of rise'and curve height ef«the 4
agqreqgation curve' The rate of rlse of the aggreqation
9 i response 1nduced hv ADP was detecmined bv measurinq
the. anq]e (1n deqrees) to the hor1zontal oan,line
P .l"'drawn from the. point of aqdition of ADPjto,a positjan

. tangent to'tﬁe-aggreqatioﬁ curye."The~ektent of - the

o

ADP-induced aggregation response was determined by

) measuring (in hm.){the'heiqﬁt of the agBreaation

o . ." _-" o ) B L ‘ o . . . . .
o Co curve .at the highest point.




ro

'J r
.

_aggregation (due to the added. ADP) which occurred- Nithin a few

addition of ADP:. The helght of the t\rst phase p\atelet

Collaqen- lnduced Platelet ﬁqqregatwon .

' 'proceeds at a much slower rate

trom the add\tion qﬁ’uollaqen to the annenQement of platelet

ADP Induced P1ate1et quregation at 37%.

L In the case of each subJect s CPRP, a final concentration

’ of ADP was se}ected at which a "biphasic“. ADP- 1nduced platelet .

aqqreqatinn curve was obtained This h\phas!c platelet

aqqregation curve was characterized bv a "first-phase" plate!et

Secunds of addinq ADP; and a second phase n}ate}et aqqregation -

- (due larqelv to Abp released from the ptatelets) which was

nreater in extent and occurred later. than the first phase
platelet aggregation. The helqht of the second phase plate\et
aqqrégathn-curve was measured (in nun) 5 min. after the o

L] ) v

aqqreqationfchrve (wlth the - second nhase pOrtion inhibited) Was .

-

me&sured (in wu‘) nt the hiqhest point ST T T

[
e

Aqqreqat1on of p!atelets 1nduced by C011aqeﬂ suspensiou

J:ffers from that induce& by \ﬂP in that there is a considerab\e

©

7. o .

aqgreqat1on as we\l as the fact that the aggreqatien'reaction

A . . P

. ¢ .

Thereﬁore for purposes of. cmﬂpartsen the t\me (1n secnnds)

-

delav between tne admtion of colleqe‘nd the onset of ‘ ‘ ‘

Qnreqatian was nea5ured and 1ermed tbe “Time te Dnset The ,'_h.lf .

. extent “of aqqregation was determwned bv measur‘nq the heiqht

~of the agareqation curve’tinwun:) 3 mina-qfter the onset ef

Pa—_— "~
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’ Agareaation, and was tqrmnd“Uurvv Heiaht * ’
. ’ . .
L. Pxpperiments 1sing lutravvq0us Sodium \lopurinal in Rabhits .
Yoo YilonurinaY -Loverinag af Qxhnate-{nducod Hyperuricemia
. Lighteen uulpi valifornii raﬁb{ts; wetghing ?.ﬁ-i;kau‘
wore rnndnmlv'diyidvd into three ﬂ;ﬂﬁﬂﬁt. N ' L.
) HuPe U S ¢ aroup - rncrivinq~s&dium urate intra-
horitnnpa\l§ (Y ma. 7hal) to]lownn—nnﬂrhﬁur later
heointravenous potassium oxonate (b0 ma./ka.) to e
mroduce a high ﬁvruﬂru}dfﬂ Tevel, qunqsiyrvoxonqxv
15 4h jnhihignr n; thv'vnrwﬁ‘, uricase, wﬁich vohv»rt;
e Aacid to
o) 'Al]onur\no1-7roatod ﬂvuﬂ uricenic. iroun - similar, to
o the anorur»cvmjc,drnun eacent that intravenous satium .
- Slkpnn}fnni-(d" My fhal ) was given 30/min; nftv;-tho , : .
; ) .. . : A o
notatsiam onahate injéction.f ’
SRR {nnt%nl'ﬁrnnn - inderqoing the same mrocedures as the
e - ahan fwo ;rnnns. excvnt_lgat saline }njoctinns‘Qaro .
'Jn1yvnriﬁaféﬁd.m}'dru§<.‘ ) o ,} S e
. ‘Féfh;nf *he ?nﬁhj}ﬁ {nxxﬁéﬁv-{ﬁréé qrnuﬁs wAS studied
-w)ih thnﬁdf.fn'"VV..§¢£WM55110; 3§d n);$ﬂlvt Adqareqation in.
"i’“'l"’."ﬂd;nf«‘.ﬂ.'IW ‘\:w' KR \_ °M".""'} Cand l*) ‘\, ]1);““‘1’.'.',1'1:\,\1 K '
'\‘nm't"\!:v\u‘i(.\ﬂ.\‘ ) '.!e:.i‘»\‘(')}l‘igig*l? .<x'1‘f‘n1"11'n"n-l\ . | . ‘ P ) e *

e . =

.




. Allopurinol in

_ In order

]

agareqation of

Normouricemic Rabbits
to investigate the ppssiblg effects on platelet

ihtravenous-so;%yn allopurinol (40 ing./kg.) alene,

12 maIe California rabbits, weighing 2 8-3.2 kg. were randomly

divided into two groups

e 7

-

© (1), Intravenous Sodium Allopurinol Group - receiving treatment

only with

sodium allopurinol (40 mg /kq. ) intravenously

(1i) -Control Group - rvceivnnq only saline 1ntravenously

‘ [ach of the rabbi;s in these two groups Qés studied with

respect to serum urate, PCV, and p]ate?et aqgreqation in CPRP

induced bv ADP

(3.3 x 10°%m. and 1. 25 x m'SM final .

concontrations) and collagen Susnansion

by

In Vitro Experiments with. Sodium Allopurinol

Rabhit CPRP Samnles-

CPRP samples were obtained by cardiac puncture. as

.

-prqviOusly descrihed. from normal, male. New Zealand White rabbits

"weiqhinq 5-3,

plasma to vield 3N0-500 1.103 platelets/mm.” .

Platelet

0 kq. anh CPRP sample was diluted with autologous
3

,aqqreqation in these CPRP~samples was carried out

at 23%C. Sod{um allopurino} was added to the CPRP aliquots.

individually, whi]e éach aliquot was being stirred in the Bryston

'aaqreqometer

One minute . after the sodium allopurinol addition.

either ADP or collaqgen was‘gddeq to the CPRP aliquoﬁs.

€

© e

44
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2. Human CPRP Samples
- CPRP samples were obtained from normal male and female
"adplts. eaeh~hay1ng given prior written consent, current]y on. .

no medication and on a normal diet. tach CPRP sample was
diluted, if necessary, as previqus[y describe;; to‘a diluted
CPRP level of approximately 200 x 163 platelets/nnu3 Each
CPRP aliquot ‘was warmed at 37°C uithout stirrfng. for five

' minutes just prior to the aggregation testing propedure. After

' pé}mttting each CPRP aliquot to stablize for oné minute 1n'the
Born Aggregometer, with stirrinq{/izP was ad&ed'to indnce
platelat a§gregationt Since each pers;n S platelet sensitivrty

_— . to ADP is different. several attempts were necessary to- de-’ '
termine the final goncentration of ADP which would resutt in a
"bipnastc" plate]et‘aggregation curve, - Sodium—allbpurtnol was

added to the CPRP aliquot, in the Born aggregometer, 30 secords’

o before adding the previously determined quantity of ADP.

"G, Lxperiments. Using ural Allopurinol in Animals
1. Rats. ’
Th1rty-51x nmle 5prague»0awley rats. 150 250 gm., were

L2

randOnﬂy diviJed into a4 control ygroup dnd.a’ treated group, each

consisting of 18 rats. The cantrol group recaived Purina Lab

Chow and the treated group retéived the same diét but. tontaining '
allopurinol, 280 mg. /kg of diet, or 19.2 t 0. 2 (S L. M ) mg /ky. .- 
,body wt./day based upon measurements of daily food intake and .

' rugular wetghing of the: rats. A]l rats received water gg libitunt




2.

¢t

-  After five weeks all rats were anesthetized as previoUs]y

" described and Jplatelet counts, p1ate1et aqqreqat1on induced |

. by ADP, adhesiveness of o]ate]ets to q]ass beads and PCV .

values were determ\ned : ' ) _ .;
) In-order to determine the effects of a11opur1nbl on rats’
on a varaed duration of treatment ‘a-similar experiment was
undertaken for nine weeks using double thé prev10u5 allopurinol

dosaqe Sixty-two ane. Sprague-Dawley rats, 1J0-250 gm. , were

. randomly divided‘into a control ureun and a‘treated group, each

cons1sting of 31 rats. the treated group receiving a]lopurino]
(a1.3 ¥ o. 7 (S.EM.) mg. /kg. "body wt./day) as in the prev%ous
exnerinent. Again, all rats received water gp libitum. At

neekiy ihtervals.;three fats from each group were enesthetized

as before and the sane'studies were conducted.

“Ta further extend these expe}iments, 36 maJe.'Spragpef

Dawley rats, 150-250 gm., were randomly divided into a control

qrnup and a. treated group, each cohsistfng of 18 rats. The

tr&hted qgrqup received a)1qpurtnol-1n the diet at a level of
33.0 ¢t 0.6,(5.[.nt)lmg;/kg. bodjiet'/dav. for 12 weeks. NeekTy.J
from the eighth week. to the twelfth week of the_experiment.three

rats.from each group were anesthetized and blood was collected

to perform the studies descrihed above

Qabb1ts .

‘(i) Al]opurinol and P1atelet Aqqregation

ﬂiood wa's collected by tardiac puncture three tines

L at seven- day intervals from 42 rabbxts 2.0-3.0 kg., and



,,’.‘ : " ) . ' - ‘ f- ) ‘ o . . “"'\
platelet counts, platelet adhesiveness to.glass oeads;'
PCV values, and platelet aggregation in response to

. 4DP and ¢ollagen were studied.’ Twenty-five rabbits were

given allopurinol (40 mg.[ko. body wt./day) orally, in

gelatin capsules, and the remaining 17 rabbits received

A Y

- similar capsules contain%no lactoSea"Blood was then

cb]iected weekly for four weeks and the same tests were

-

. performed. It should be noted that, because it was not
practical to telt more than three or four rabbits on a
. - given day, this experiment extended over a period of .

several months. Moreover, not all rabbits survived the

4

total of seven, consecutive, weekfy cardiac punctures.
’ *

(i1) Allopurinol and Determination of Total
Nuc!eot1des, ATP, and ADP in Platelets

Ten, male New Zealand white rabb1ts 2. 5%3‘0 kg., . .

were random]y ass1qned numbers 1 to 10. Rabbits No. 1,

i

5, and 10 rece1ved dailv lactose orally, and served as <’

¢

- controls, whlle the other seven rabb1ts rece1ved

4

- allopurinol (40 mg./kg./das) orally.  Bach rabbit under-
went weekly cardiac bunetures for up to a total. of five . ..
nunctdrest _The experiment was stopped’after 40 days, some
of the rabb:ts not having fully completed the five weeklv
| 'b]eedinqs. ,In each. group, -the initial blood sample
served as a qontrol before al]opurinol or'lactose«was
given A]lonurtnd? treatment was started at d1fferent )

' dates for each rabb:t such that ‘when a]l the data were

-




_collected, there was dati for 28 consecutive days of

a{iopurino1 treatment, rom aays F~28 This treatmenx

req1men is fully outlined in Aopend1x 1. -~ . f
P]ate]et adenine nuc1e0t1de content, plate1et

aggregat1on induced by ADP (3.3 X ]0 Mv, aqd 1:25°x TO"“M

final concentrations) ‘and co1lagen su5pénsion, inhibitioﬂ

< v

of plate1Et aggregat1on bv 1n v1tro sod1um allopur\nol6
« whole b]ood platelet counts CPRP counts d11uted CPRP .

-counts, and PCV values, were studieq_for atl blood §amples§
. The weight of each rabbit was recorded,at weekly intervals.

i
“a
o

L 4

H.. Studies on the C11n1ca1 Use of Al]opur1no]"

Male patients, w1th a mean age of 69 * 4 (S E.M.) years,
'w1th primary gout or wi:h asymptbmat1c hyperur1cem1a secondary to renal

o disease (and withput gout) were selected by .,Harth (persona] L.

-

. commun1catton) from h1s clin1ca1 pragtice. " Primary’ gout was def1ned

(M. Harth personal communacat1on) ‘as the presence of any three of

2
-

the f:rst sixX cr1teria listed below or the presence -of the seventh

)
D)

cr1ter1on alone: - J T R oL

R At least two typxcal attacks 1n_Jo1nts other than the -

@ O e

b1g toe.. - > ff i IS

k-l

.. 2. One attafk in a Jcnnt other than the‘blg toe with a
ﬁcharacter1st1c response to colchic1ne

‘.T3."Une typtca] attack in the-bvq toe ':,‘ . ;‘

‘a. Typacal urate crystals in svnov1al f]uid . -

5. Hyperuricemia {mére than 6 g, -%). . 'Z

N v
- . 4 — &
o

5 :

t

[




o .

T 6. Characfekisfic radiolegical changé of fophéceous?gdut;

or a clinical mass suggestive of a tophus.

t, 2

| 7.° Tophi, proven to- be such by analysis of thexr contents.

o After diagndsis and prioi to commenciﬂg treatment with

4

aPPoédrinol b]ood was collected with: the consent of each pat1ent,c

<

and p]atelet counts, PCV vaTues, p]atelet adhes1veness tn glass and

p]atelet aqqregat]on “induced by ADP and co11agen were stud1ed Treat-

«mgnt consisted of 310G mgq. al]qpurlnol in tablet form (Zy]opr1m,n

Burroughs Wellcome and Co.) taken orally in doses of 100 500 mg~ﬁday
The hematolonical stud1es were repeated at monthly 1ntervals for six
months of treatment. WNot al] pat1ents completea the study and not

a11fQér} available #%r/;estsedn each month

[ . : -




RESULTS
<K Effects;onvPléteIet Aggregation of A1terat1on of Urate Leve1s -
Rabb1ts . -
1: Oxonate-induced Hyperur1cem1a and Intravenous A]]opurino1
Within 2 min. of the 1ntnavenous pota551um oxonate
(60 mg./kg.). 1n3ect1on (Fig. ), the Sserum urate had more
than- doub]ed cont1nuous1y r1s1ng to four times normal at
.32 min. and nearly five- t1mes norma1 at 64 min., as compared
; with the control group. Admin1strat1on of intravenous
sodium allopurinol (40 mg./kg.) 20 min, after the oxonate
inject{on.prevenfbd a furthér rise in urate Jevels and-

A k;?‘f’ “resulted in valyes similar to those of thecontrol group

© . 7 (Fig. 1) at 64 - 102 min. This effect was detectable’
within jS mi;. of‘the sodium allopurinol injectiop. - L
'Platelet ag&reggfion induced by‘ADP or callagen was not -

,  significantly attered in either the Sa}ine-treated control

'Lgroup or in those rabbits receiving pre-treatment with .
. ,i;traperjiédéai sodium urate (60 mg:/kggi plus intravenous

i N " potassium oxonate. The group receiving uratd, oxonaté.'dnd'_

| a]lopurﬁnol however; had stat1st1ca11y significaﬁt decreases

in ADP induced p1ate1et aggregation at 12 min (b;: 05) and

’ at 82 mig. (p* .B05) after the inJectloh of a11opur1nol

[ 2

e (Fig. La) as well as signif1cant1y longer delays (time to
:' v L A -
A onset of aggregat10n7 in response to collagen (Fig. 3) at . '




F\g T s R ‘ ', X
Effectoof Al}obur1n01 on Serum Urate Levels in Oxonate—
t -

Induce&'?vperum cemic Rauln ts. '

. . K .
~ .~ . B -

Pké;%%batmentlwith intraperitoneal sodium urate (60 mg./

Rg )s f011ohed one hdhr‘later by intravenOus potassium‘oxonéte -
g

(bO ﬂg /kg ) résulted in a near linear rise (---) in serum

“urate in rabb1ts. Slm11ar pre- treatment w1th urafe and oxonate
’fe1Towed by 1ntravenous sodlum a]]opurlnol (40 mg fkg ) produced’

a subsequen; redyct1on.(sf~—u4—~.) in §er y B te to levels t;ja
,}66Mpérab1a éo those of the édngrél gfoup; 'The“serum uyégg )
}eVe1> of tne contra] grodp were found to gradua]ly rike (- ; -)
dur1ng ‘the 1zu min. peraod " tacn of the three: groups ons1sted
Qf 5ix. rabbwts, witn blood smap]es takeu frOm eaCT*rabb1t at- -

¢ . [

tne t1mes 1nd1cated
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'Flg

Inn)o1t1on by Intrqvenous A]IOpur1noT of ADP

D

. 13 X . ]u - final COnLentratlon) Induced P}atelet Aggregatwon

*

Cin «abvbwt LPhP S T

(a) Ouondteilnduccd.ﬂvpe}uricemic Rabbits

P]atelet aggre;atIOn was s1gn1f1can£1y reduced

<

'wlth1n m\uutes of rece1v1ng 1ntravenous sodrum

,al]opur1no1 640 mg./kg.). Tne p4va1ugs shown were,

obtained by student’s t-test usiny paired data.

- 0

‘knmmurrcemlc Raba1ts

.

S1m11arPy, 1ntlavenous al]epur1nol produced a

- ‘e

reduced platelet aggregat)on in nornour1cem1c
~raob)ts. thrs reduction De1ng stat15t1ca11y
s:gu1f1cant ;t 1&0 and ‘40 mxn, after al‘opurlno1

- Wd's- glvéﬂ The p- va)ues $Nnown- weré obtalned by =

student s t- test us1ng palred daia.

-

,LéCn'of xde above groups (a and b) ténsisted of $ix

fébbigég with blood_sémple§ taken from each rabbit at the

.

L, N . °

vimes indigated, = - - o ‘
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Annivition by Alopurinol cof collagensInduced Platelet

v

Aqgreqation in dvperuricémc Rabbits.

3
-

' CSodvum allopurinel {40 M. ALY given intravenousliv to
.. ovonate-induced hyperuricemic rabbits resulted in sigmificant.

¥icreases an viean time to onset of ‘collagen-induced platelet.
. .. . o’ N ~’ ’ N " i B . . g ’ s -
SAagreaation] comparing each value obtained, with a pre-injection”

controd value. Tne n«\t_a)’ues shown were obtained bv student's

1-test uSineg paired data. The group vonsisted of 3iv rabpits

with olood saples oetng obtained at “the Liwe intervals shown.
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Smmecton, No statisticalhyyaaniricant ditferences, however,

' ' | 57

4 -

Yo, (o 0nY and At NG main, (o - 00D 'a!tz"r the ‘.\Hﬂpurhmi,"

could be demonstrated 1n e callasen curve hetahts in these

eperimonts.

' . : ..
Nommourtcernta and Intravenous Allopurinol
. - . . B L3

Treatment of. sy narmouricemic rabhits with intravenous

AaNlopurinal (4 ma, ka. Y was followed by Ctatistically

saamificant, but less mavked, decreases (Yiq. b) in ADP-

Sinduced platelet agareaation at TR min, (P L O0) and M40

Y

an. o Y as cwnnarrd,4hy,\nJiVidudl fahb\t, ta pre-

treatment control values.. 4 control aroun of normouricem ¢

rabbyts, ‘tn}ah\d st larly except that intravenous .saline was: .

givea nstead of allopurinogl] showed no stanificant chanaes

1 ARP fpduced: platelet agareastion.  Allopurinol also caused

.;réatrr d«\ll\,\m "n t-‘iw ni\wf ar _aqqrc‘—q.ﬂmn' in r:\sponsg to
mihmvn tn L'I.l‘-i:l‘}w« rﬁ(\;‘ﬂﬂl\\tt‘\\“t‘ﬂ;ix rahMt%.":\thf.thus'o
dl\f;vwncm‘. ,\«“re nat stg\t‘lstic‘a{h‘ stanificant .' wahﬂ

0 .;t;\vv;*a:\i decreases in e curve hedahts af collagen-
mducmtﬂnlawl;-t‘ Aqgreqation i CPRE of nommur-'!comw .
ﬁmyns i va., 4) were ahserved. in 1Y) min, (p ‘.m;) and M40 . . o
min, \;\. L) ar the aAMmts-traUan of "in,t,ravenbus

. -

AVToperinel (A0 mg ALY The abtlity of fntravenous allapurine

td Lower serum urate in rantits was-t1lustrated in these

NOITRNF 1 AT C FADD T TS - Tw sfaniticant reductions (Hq: 5) at .

Y

Tomin, gnos 0nY ) 30 mn, -.'.n‘)\.._gd' min. (n- L 00Y), 120 min:

©
¢ - 1 ».

. N
\ B



Fyg., 4

Inhibitjon by h110purin0],qf follagen- Induced Matelet

v
-

Aqgreaqation an Nomwouricemc Rabbits.

Within mmutes of the intravenous sodium allopurine)

(40 M. 7hq. ) imjection, the collagen-induced platelet

AQquqatwnn curve heraht was reduced hv}ow the pre-injection
IQVpI. q\qnificantIV'%o at 10 ana J40 mfnl pqst—injection«i
“The p-values shown wérﬂ 6h£ained‘hv ;tudont's t-test hsiné

paired data. Ihv-q{nun';nn§1stod ot six Pdhhitﬁ‘witﬁhhloqd

\amnle&'bv\nq obtained At the time intervals shown.
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Figl b,
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v

Serum UFate—LbWering Capaciiy of Allopurinol in

" Normouricemic Rabbits.

MY

CoMpared with a control group, those rabQits'reﬁ

’ceiang intravenous §odium'allbpurinol (40 mg./kg.)

7

exhibited a significantly redﬁced serum urate- Tevel which
persisted for 180 hin. ﬂost-fnjettion. The p-values.
sﬁowﬁ were obtained by student's t-test usjng'nonaﬁairéd
data: The éroup.consisted of six rabbits;wigh b\oﬁd

samples- being obtained at the time'imtérvals shownf
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: v . - ‘ . . s
_(p< .001), and 180 min. (p- ..02). after the injection of’

. o "~ allopurinol comparjng the treated group with a contro1'

group; Thrddghout these experjments a group of six saline- . -
: \ . Atreated‘confrol rabbits showed mo significant changes in’ ‘ .

AbP-ihduced, or2CO11agen-inducenig1até1et agg;EgAtfon'but ’

did show (Fig. 5).a progressive rise in serum urate. - R

0 -

B. Pffects of 1n vitro Sod1um A110pur1no1 on n’lateletol\ggregahon L

_. . . 1. Rabbit Plarelets at 23° C . . .. o . e . o
) v . e
. " Prior addition in vitre of sodium allopurinol . o ‘

(2 1 x 10“31. final concentrat1on) to CPRP samples obtaxned \f;" .

E N P

L

weekly from three control rabblts, each gqven lactose oral1y .

for 1-28 days, d&g not resu1€\1n‘a~swgn1f1cant change in ‘

ADP (3.3 x 1078 1. final concentration)-induced platelet = < ‘
‘ aqgreqat1on (F!g 6b). In CPRP obtafned weekly froé seven- " '

rabbits treated orally with allopurinel (40 mg. /kg /day) for o

1-28 days, however, there was a statistically gjgnzficant

©" (p .02) reduction (Fig.-6a) in ADP (3.3 x 107%. fina1- .

:concéntration)=iqqpced‘platelét aggregation following in
vitro addition of sodium allopurinol (2.1 x 1073, final

&

cohcentration) e S

Lffects similar to the above were obtained when a highEr

-5

concéntrat1on of ADP (1¢ 25 x 107°M, final qpncentration) was e

empIOyed (Fiq 7a) (Fig. 7). 1In six, normal rabbits underf_'
going the card1ac puncture prqcedure only bhce, anq not

" . subjected to oral lactose pre-trea‘ﬁ%nt for 1-28 days’, there




Elg 6

-

Effect of in v1trod’bd1um A]?opurlno] on ADP-Induced

Platelet Aggregatton in Rabb1t CPRP.
- ’ o
(a) .In CPRP of rabbits t}eated gita a]lopurinol
'(40 Mg, /kg /day, ora]]y) for 1-28 days a.
swgn1f1cant reductlon in ADP (3.3 x 10 6
final Qoncentratlon) 1nduced p]atelet
aggregat1on was revea]ed when the CPRP)
a]tquots were pre -treated w1th ig_ vitro sodium
allopurano] (2 1 x 10 3M. f1na1 concentration)
The p -value showih was obtalned Ly studenﬂys-
‘t test using pa1red data o g
In CPRP of a control group, no éigoific;ntd
changes were’ revea]ed by student s t test |
.us1ng paired data ~ .
-;c_ T I th1s exper1ment the aJ]opurInol treated group :
r'cons1sted of seven raubwts, a b]ood sample being’ obta1ned
jfrom eﬁch rabbat, every seven days S1nce not alT rabbzts
SUPV1ved the. full 28 days of the exper1ment the n va]ues
shown refTect the total’ number of blood: samples obtaaned
‘for the dura¢1on of treatment 1nd1cated J' g
S1m11arly, the contro] group cons1sted of three
rabblts, witi blood sampling procedures 51m11ar to the
'treated group " .

For. deta11s see Appendix Iil

,.6
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N Q

[ffect\of in v1tro Sodium Al1opur1no] on ADP- Induced

a N
13

P]dtQIEt AQUT99&t1oh 1n Rahb1t LPRP Us1ng a H1gher
Concentrqt:on of AUP l~.“ . ’?S
A SR . . .

4

Q‘i>9‘

{a) 'In CPRP pf rabbits treated with-a)Topurinol« .

(40 mg. £kg. /déyt<bfally) fai—ffﬁg*aéjs,'induction
“of p]atelet aggregatloﬂ w1th a’ higher concentration
of ADP (1 25 X ]U M ffna1 concentran%n) showed a

’ s1gn1f1cant redUCQ10n, (s{m11ar to that in Flg b

(a)) 1n Aggregat1on Index (A I. ) when tne EPRP .

al1quots were pre- tneaxed wath fh v1tro sodlum

.

. alTopurlnoJ (2’1 & YQ M frual concentrat?on) ‘fﬁe

I T3 T s

p- value showr was obta1ned by student 's 8 test .

-
% .

e, . - - -

uslng pa1red data. .“ C

1 e -~ >
% e . ©

_( )° In LPRP of a contro] group. usinyg th1s i gher cbn—; .

-

. centrat1on of ADP no s1qn1f1cant changes wera
Y

. found w1bh student st test,ysing pa1red data.w

e ln tn1s experrment the aTlopurypoT treafed group

*

: consusted of séven rabbnts, a. blaod sample betng 0bta1neq frpmg’ o
neach*rabb1t every seven days« S1nce nﬁt all rabbats survtved.f
u‘the fu1l Zb days of the experimgnt the n va1ues Shown reflgc¢

,the totai numher.of blubu sqmp}es obtalne& for the duration of

“'L~treatment 1ﬁd1cated f _';’?'T &j', , ;; .r.‘- - 19~~~‘

- -

S1m11ar1y, the coﬂffbl group conszsteﬂ ef three

_ e
~\\rabbits u\th bﬂood saupﬂing procgdures.sinn]hr td‘tne tfeated
'group.‘ For det4115. see Appendxx Ili '

.
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“alloparinol (2.1 » )d W. final condentration,

sapndn flatelets at 3¢ . .

. wnich;Qin alsv oeaexpressed a§‘a 3u.d :,b.P‘\s.Ef%.)z

.. 5ffects of Dral Allopurinolion Platelet Aggregdt!Qn‘tn Animals

. : . ‘ ' . 6 ;7 . :
i .
’ ’ ®

.. . i
was ne >\qnar1»ant change in plate]et aggregat\on with Yower j

A3.3 % 1270, Final concentratlon) or higner. 1.25 x T “ f\nal

l

. concentration) concentrations of AOP roYlowing in vitro sodium |

{

In ¢PRP frou norfml raboits in vitro sodium allupur\nol

RIPE 2N 1*’3\x final Loncentratlon) re>ulted in complete in- :
nivition of collagen- 1nduued platelet aggregatton in nearly all

cases. In CPRP fron si1a raboits S0, testea, tne collagéﬁ Turve i,

neight was;gignif%cantly,\p\,;J\) redqcéd iTaole \a).and the - . .
cofl&gen curve time to onset of aggregation was sigaificantly

W) prolonged (Tavle o). B

..
» . - -
'Y

In vitro sodiwr allopurinel {1.2-2.4 x 1078, final

e et iy

CJHuentld' an? Lduscd a Louplete innivition of APy

oo ¥y -3 a f\na! »onnentraxron) 1nduued
“secomd phase’ platelet dggregat1on in numan CPRP at 37°07; C
. ‘ . ' . R . . B

reduition (p~..Uvv) in curve heignt {Table ). L.

" Inahl of the precedlng in vitry exueriu uts. the addttion .

of sud\uu a1lopuw1nol 4id not dffecb the hornal pN of the gP\P

. N . f o . 3 Los ,
- ' h PR g .
L4 - ’

".{d‘tS,_‘ " ’ . = ) R X ) . . T ’—;.' . B
(1) Five-sevk faperiment witn Terminal Assessment
Jn rats treated with allopurind) in the diet

(19 ng./ky. boa} wt./day) for five weeks, it wWas
“ hd b : N : ) LIS 0
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NMoted that AP {00 x 10 % final concentration)-

Canduced plateiet 4qqrvdhtinn was lawer (but not L
. ° \ ' ’
' stqniticant At the 57 pradbadility level) than the

LEN

control aroup.

-

(v1 b ﬂiné-vaL,!iborxmvnt with Weekly Axsessment, Nith
o~ douhle the Previous AlTopuringl Nosaae
1o determine 11 any of the effects of allopurined

e N * )

Maht dccur earliar or later than five weeks of treat-

- ©oment, this nine -wéek experiment using allopurinel in -

. . o the dint (41 mq./\h. body wt./dav) was underfaken.
Jue 1o Yechmodl ditficulties, data for the second-week
could nat be used,

9 - L]

fach weekh, PR from two of three rats was pooled -

-
4 ~

~ - {6 vrhvide,iﬁ'!scinnt CPRP tor aqqtpqatini studies.
yith iuo ﬂ\fanqu ot wveké thrévckhﬁ viqht: the : ‘ 7
Aqqroqatjoﬁ Index of the treated urﬂdﬁ was hiqgher, with
Peaks At wooks one andnine (fghlr . .In this
- mistance, this data was more ¢learly assbﬁ;oﬁ

‘, .7 statistically hv measuring, Jﬁdopaﬁﬂoptlv. £hv rates of

¢ rxsr’(ratv of agqreéa{iqn) andrxhr curve heights ’
| ’(oxiﬁnt ni aqqreqation). Platelet aggregation in the
R g tréatrd oénun‘bccqrrvd at a siqnffﬁcant!y‘fasterffatv‘ .

(fra. 3a) than in the contral aroun at woeks ane

. ,(p,;.ﬁnSS._ﬁi\ kp*'.db) and nine (p- ,06%2 and athinvéd

a

kanafiqaqt}y areater curve heights (f%di 323 it ‘weeks

» s B ) L]
one (. 0n) and nfne (n - 0b).

’ -

e . . "l a‘ B K P
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lhduuod piatelpt Aqqreqat\on in Lppp frow rats tvd a]lanurlnol .. ' -
(41 mq./kq /day) in thosdnct for nine wvvks. was not1cvabiu V':‘i 3 o

anher than that oY the gontrol qroup in wucks one and nane
. c e ' ) L
e fauh group Lons\;te& of 31 rats.. At wuekly intervals, S
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Yiq. 8.

v

[ffect of Allopurinol on ADP-Induced Platelet Aggregation

(as assessed by rate of rise and curve height) in Rat CPRP.

(a) During nine weeks of treatment with allopurinol
{4) ma./kq./day) the rate of rise.of the ADP

5

(2.0 x 1076 S 17 x 00 M., final concentration)-

induced platelet agqregation curve was significantly
higher in the treated qroup than in the control
qroup at weeks one, six, and nine. The p-values,'

shown were obtained bv student's t-test using non-

paired data.

Similarly, the treated qrdup ‘curve' he&ts‘ were
stanificantly higher than those of the control group
at weeks one and nine. The p—valués shown were

*

ohtainéd hv‘sfddéntﬂs,t-test using non-éaired data,

Lach qroupcconsigii: of 31 rats. - At weekly intervals,

threc rats from each yroup were anesthetized and blood samples

taken. - - X . : , .

- . , .




TREATED

)

FIGURE B{o

RATE OF RISE
' 80,  P< 005

[JContROL

70 | T
3 .
w & 60
Y .
. < ’
) <1 '2 50 o
- [ .
o .
40 /

3S1Y 40 31vd NVY3W .

- DURATION OF TREATMENT (wecks)

p< 05

© FIGURE 84{b)
* CURVEs HEIGHT

C T3S W, W3R FAEND AY3IA

DURATION OF TREATMENT (weeks)




N o S K L e e 7T

3 .. EI

(i11) - Twelve- Week [xperiment, With Weekly Assessmént
: Beq1nn1ng in the Cighth week gf Tneatment

To examine the poss1b111tv that the tendency
) L
toward increased p]ate1et aggregat1on might be more;
evident heyond ‘the n1nth week of trebtment a further

experiment was conducted with allop r1nolfin the dtet .

(33 mq /kq. body wt. /day), for 12 yeeks. 1In addltjon
. ‘ . to n]ate1et aqgregat1on, platelet adhe51veness to ~ ;?
;q1ass was a]sg studied.,
. . - , Comparing-the allonurinol-tredted grdup with
o ) the control group, no statistically signif?qant'..
’ i' differerce vas observed in eii’er o]ateiet gggiegation'

. : . )
or platelet adhesiveness to glass during week's 3-12.

2. Rabbits
(i) P]atelet Aqqreqat1on and A esiveness ) -

v

wgekly mgasurement, p1atelet adhesiveness 1n

rabbit blood for‘fwo'weeks prior to the‘admwnistrat1on' ' , ',}
6f oral allopurinol {49 mql/kq./day) and during the :
subsequent four-week treatment period revealed no .
significant changes in platglet adhes1veness

S1m11ar1v, no.srgn1f1cant d ffefences in p]atelet
oo ' , ,adhes1veness were found whe the rabb1ts under901ng w

allopurinol treatment were compared with a Saline—

¢ treated control group. L o

The aqqregation of rabbit platelets by

ADP(B 3 x 10 , final concentrat1on) disclosed




&, trend in wh1ch the nean quregatlon Index of the

. a!]opurinol-treated rabb:ts was,h1gher than those
-y - e

of -the cgptro1 group (F1Q,, ), "the difference be1ng
stat1st1ca11y s1gn1f1cant (p - 02) in the thlrﬂ"

- L}

week of treatment . J .’ : KL

Nhen the curve hewghts and rates.pf riselwere

# . 3

exam1ned 1nde0ehdent1y,-the mean rate of r1se'was

:-: found to be sign1f1cant]v greater in the. alTopur1nol-
traated,group than in the contro] group, in the third

" (p - 05) and fourth~(p~ ‘) weeks (F1g IOa) ‘More—a

over, the mean curve he1ght was h\gher,,though not

\qmﬁcantly_ so, in the treated group than 1n the

» »contro1 group during all four weeks.of tﬁe exper1ment-'

équ 10b) L ) .' 8 ] ': \
S Ata h1gher concedtrat‘ton,of AoP (1; 25 % 10°5m., -
final concentrationé the lncreased platblet . .

. "‘ 7T, ‘.

aggregat1on wath al1opur1no] treatment was even morc

oronounced and consisteht " The Aggcggat1on Index '1' ‘
Was stgn1f1cantly greater (F;q 1) in the treaﬁed
qronp than 1n‘the contro] qroup in weeks two (p . 2. ot
!“. .« - . e

1 three (p 001) and fou? (p .a1). Hhen the cd?ve i
. ® »' '
hethts and rates of rise Were examined independently,

Al .

., ‘.

the mean ratgbof r1se n the’ treated group uas found*

. to be s1gn1f1cant1y greater éFlg IZa)pin weéks
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Effect of Allvpur1no1 on AUP Induced P]ate]et S X

Aggregat1on'1n Rabbit CPKP. ' o ,"-‘/

. . , . . . K
. * °

- It was observed that ALP(3. 3 x 10 U , '1nél
| concentration)- lnduced platelet aggregat1on 1n CPRP of raQBlEEN%,
treated with " a]1opurino1 (40 mg,. /kg. /day, ra?Ty), was greater o
than that of the control group.for the f1r&t three weeks, be1ng
statistically significant in th; third week. The psvalue
shown, was obta1ned by student's t test using non-pa1red déta.

The a]lopur1nol treated group cons1sted of 25 rabo1ts and the

COntrol group cons1sted of 17 rabbxts. Btood samples were

4

dbtained oh a.weakly b351s.

[
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_ Fig, 10.." '-_ oL S I
| | tffect of A]Iopur1n01 on ADP- Induced Platelet’
A gregat1on Lurve Rate of Rise, and Platelet Aggregat1on
Curve Height in Rabb1t CPRP
. T 0y ggi 6
(a) The mean rate of rise of the- kUP(B 3% 10° M.,
‘ final concentratton) 1nduced platelet aggregation
curves of allopurinol (40 mg. /kg /day. 0ra11y;-
:,treated raob1ts was»greater than that of the '1‘. .

control group, tne difference being stat1st1ca]1y

"o s1gn1f1cant in the third and fourth weeks g/////

-, treabnent " The p- vaIues shogyn were obta1ned by 7°
R : student's't-tg§t4u51ng non-pa1red data.

Similarly, the méan“p]até}gt agérggation curve

2 (= .o : \ . .
R height was higher in the treated‘group throughibut - ’
"o 'the four weeks of treatment, though not . .. . *
) =s1gniﬁcant at the 5% probab1hty level ‘ o L%

Tne a]]opurano] treated group cons1sted of 25 rabb:ts.

and the control group cons1sted of 17 rabbits‘ Biqod samples

. u
o

. were obtaTﬁed on a weekTy bgsis.. ‘"f¢ ‘ ';- . B
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Fig., 11..

Effect of Allopurinoi-on Aggregation of Rabhit

Platelets Induced by"a Higner Concentration of ADP,

'5?4. .

-

v

se of a higher concentration of ADP (1.25 x 10
. final céncgntration) to‘ﬁnduqe*plate]et aggréqation}-

résu?tgqfin a siqﬁificantly elevated Angegation Index in - -
-the'allonéfinoi (40 mg. /kg /day. orally) treated gr0up 1n :
weeks two, three and four, as comoared to the control group.
a The o values shown were obtalned by student S t test usxng ,
“non-paired ‘data, - L 2 -

The allopurvnol treated group consisted of. 25 rabbits,
.‘Aard the, control group c0ﬂs1sted'of ]7 rabbits qu?d samples

wera obta1ned on a week]y ba51s ‘
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Fig. 120+ - -

ta

i E?feét of Allqpurinol on Plate]et‘Aggregatiou Curve

[4

L 3
Kate of Rise, and Platelet Aggregatlon Curve He1ght in. Rabb1t

,CPRP ;U51ng-e Hzgher Concentrat1on of ADP

s '_ 5 (a) Use of a n1gner coucentration of RDP(] 2a X 10'5M.,

. -

" final, concentratlon) to induce p]atelet aggregation
revealed a s1gn1f1cant1y greater mean aggregat1on - .

.curve rate of r1se 1n the. treated group, than in '

. . ) : , . :- ‘the c0htrdﬂ group, in aeeks three and. four The K
. S p:values showu were obtaqued by student?s~t—iestf
| -using non- pa1red data. | ‘;’ '
o °;A-fﬁ_ L (o) Sim11ar1y, the treated group mean aggregatton IR
. ' ,curve be1ght was signjficant1y greater in the.
‘ ‘ ‘fth1rd week . The p -value™shown was obtained by -
SO student s, t test us1ng non-paired data. f - J e T
\\‘ The a110pur1pn1 ;reated group gepsisted of 25 rabbits, ’ , -f.
wand the control group conSisted of 17 rabbits‘ B]ood samples

were obtatned on a weekly basfs. .
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three (be- 005) and ?ou})(p 005) and the mean curve

hewght was’ significant]y greater in week three (p‘< 005).'

g . (Pig. 12b).

< e . . . @
-

* Inductioﬁ of aggregat%on-o?‘rébbit’p]ate]e;s by
col]aggn suspensign did not reveal an} significant

difference with respect to—;he mean cd]iagen curve

heighf,.(Fig; 13&) between aiIOpurinol (40 mg./kg./day;

;orally) treated-and control rabbits but there was ob- .
. served a s1gnif1cant1y lower time to onset of co]lagen-l
. L 1nduceq.p1atelat aggregation (Fig. 13b) -in the treated

| - group in Qeeks-oné,(b- .02) two'(p 025) and four

~{p .05) as compared with the control group.

(i) Platefet Levels of Total Nucxeotides ATP and ADP.
' . Measurement of adenine nucleotide levels in.
platelets of rabbits ;reated;wjth allopurinol
(40 mg./kq./day, o}a11y)nfor 1-28 days révea]ed;sémé-'
. signfficant facts. - .
Total adenine nucleotide 1eve1s in plate]ets were
relat1ve1y unchanged in days 1-7 of treatment with
.allopurinol, but—were‘elevatediiN‘gach‘of the 8~14,,;
15;21, and-22;28-day periods ‘ Hheh the. daté From.
. the first seven days of tq1i.exper*ment were omitted
from the ana]ysia, the 8-28 day period rpveaTed a o
- significantly\gp ;02) elevated total adenint :

nuclestide level as compared with the pre-treatment

+ : ¢ v a

-



Fig. 13. i .“. . ’ i ’ °
- Effect of Allopurinol on Cd]lagen—lnduced Platelet

Aggregation in Rabbit CPRP.

8 .
(a) lio s{gpificant djfference was observed-betwegn .
- a110pu£inol (40 Tg./kg./day. oralay)-tfeated and
_control graups with respect to ;ollagen-ihdhcéd. -
p]afelet aggregatian cufyevheightf ’ R
(b) There was observed, however, a significant]y

reduced mean time to oriset of collagen-induced -

platelet agyregation in the allopurinol .

© (40 mg./kg./day, orally)-treé;ed group in‘weeksh
“one, two .and fquf,'as compared with the control
L. group. . Thevb-valueslghown‘ueyekobtainéd by
"studeht's tagéétyusipg.non-pairéd data.
- The al]opur%ho]—trgated'grbgp‘COngisted df'ZS rabbits,
~ and the Contrqlxgreup éonsiéteQ‘of'17 rabbits. ' Blood samples

*

T ,
' . were obtained on a weekly basis.
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receiving lactose instead of allopurinol, didonOt

'1 z

" show 51gn1f1cantly elevated levels of total adep1ne

&

rabbits treated w1th allopur1nol (40 ﬁg /kg /day,

orally) revealed only a sl1ght elevation at the. 8 14

day- period.of treatment with lack of §tat1st1cally

L4

-]

s1gn1f1¢ant chaNges q& alt levels |
P Sim1lar£y, the ratios ATP/ADP were determmned

but’ no stattstlcally signif1cant changes were noted

" control leﬁels (Fig. 14) 2 A controllg;0up$of rabbits

[y

'/<j’ nucleotades when analyzed as described abovej
Y 2 Th1s elevat1on of total adenine nucleot1des in . ”
) i platelets of allopurinol-treated rabbits wasg °
i .dstermined to be due largely to elevation of ADP levels
in these'platelets (Fig. ‘l5) When one compares these
- data (Figa 15) with those in Flgure l4 one ﬁxnds an °
- ' identi;al iattern present. The ADP levels were - L
. | relatively unchangedtin the 1-7 day period, ﬁut
) f .. ;° : promlnently elevated in the)i—l4, 15-21, and<221%§-day g
- ' o - _ peripds. Again, when the data for the 8-28 day period o
' 4 were analyzed the elevation ofaADP above the initial ‘
i pre- treatment values’ (Flg 15), was stat1stically Q‘o
‘ smgn1f1cant (p<. .05). Again, the- ADP levels of . s
- i ] lactose treated control rabblts platelets were not <§
- 51gn1f1cantly elevated i 2 o
W~ i : o . The measurement 6? ATP Tevels in. platelets of ,



‘EFfect of Allopur1nol on the Iota] Adenine Nucleot1&e -

~ -

Content of Rabbit P]atelets >
®s ) ~ ‘ . -

y - . - , :
[ Tiote that virtually no change’ iR platelet total adenine

&

nucleotide levels Mas ev1dent\1n Days l 7 in aHopurmol L,

) c

(40~mg /kg fday, drally) treated rabb1ts The treatment

perlods 614, 15- 21, and 21-28 days, however, were all e]evated

¢

When the datg from the latter three Treatment per1ods were
Q
analyzed, exclusive of the 1=7 day treatment(per1od, a

significagtly eﬁevated’t&téf?%denine nucleotide.Tevel during
this 83?8-day treatment period was noted Tbe p*value shown
5, 3 ‘

was obtalned by student s t-test us1ng paired data. .

In this experiment, tne al]opur1no1 treated grOup

‘COHSISted of seven L3 b1ts a b]ood sample being obta1ned from'
each rabbit, every seven days. Since not a]] réﬁb:ts surv1ved
the ?u]l 28 days of the ‘experdment, the n va1ues shown reflect

"the_tota;\number of blood sainples obtaxned forathe duration

of %reatment 1nd1cated . For deta1ls see Appendix III
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F‘ig. 15. ' ‘ ‘ | /

] Effectvof AlTopurinol on the ADP Content of Rabbit = °

—

Platelets. ‘ | . ’

Note thet there was virtually no change in rabbit .
nlate]et AUP levels during 1-7 days of a]Topurinol
(40 mg./kg. /day, orally) treatment but that the AUP levels
were elevated thereafter. Nhen the data ‘from the 8- 14 15 21

and 22-28-day tfeatment'per1ods were analyzed, exclus1ye_of

the 1-7 day period a signiftcant e1evation of platelet,ADP
for this 8- 28 -day period was noted The p-va]ue shown was’

,obtained by student's t- test us1ng paired data.

In this exper1ment “the a110pur1no] treated group

consisted of" seven rabb1ts, a blood samp]e beIng obta:ned from

- each rabbit, every seven ‘days. S1nce nnt al] rabbits: surv1ved

the full 28 days of tne exper1ment the n values shown reflect“

]

the total number of blood saMples obtained for the durat1on

<

" .of treatment indicated. For details, see Append1x III.
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.Pfatelet aggregéfion studies° carriéd out
saéultaneously'with the aden1ne nucleotide
de“termmatmns pr'oduced some’ 1nterest1ng
corre1at1ve daga _ADP (3 3 x 10 final
concen,tratmn) 1nduced p]ate%et aggregatnon in
CPRP of allopurihol (40 mg./kg./day, ora11y)-treated
rabblts di sc]osed a gradua’ll)é 1ncreasing Aggregatmn
Index (F1g 16) over the 1-7, 142 and-15-21 day

o

treatment periods, a‘pproaching stat'i stical ’ >

s1gn1ficanqe at the 15-21 and 22-28"day per1od§_.

_When "the,data' for the 8-28-d§y treatment period were

- -ana]yzed : however th‘é i'nEFeaseg Aggregation Index

o

¥

" was highly sigmﬁca‘ht (p-( 01) * These fmdmgs ,

Were not Qbserved in CPRP obta‘ined from contrel
rabbits reeewmg lactose treatment. )
o 5

Use of a mgher (1:25 x fo™n., fina1 -

< concentratxon) cogcentratmn pf ADP produced plate'let .

<

exper»ience an 1ncreased 1eve1 of .pfatelet aggregatfion,g .

Q : °
' but tris v‘)m:r'eage was not chanacterized by * .
. N <
> “ ¢ o‘, : K " O
statw'ist'lca'l significance. ¢ - o o e S
) o o 0 “ B¢ a ua
B e ,_,"', Pé ) ° ¢ o . © ]
- L R @ 2 o °
’ oﬂ qo o -3 3 ..uo 0 ¢ “

aggregat'lon effects simlar g,p those of the loWe‘r :.' .
conq,entra‘tj on of “ADP de;cribed above, wi th a o
stat'lsttca'lly svicmificant p<. 02) e]evation ’ o
(F1g 17) of the Aggregat%m Endex durinb the: |
8- 28-day treatme,nt pemd’d ;% combar'aple contr01

grbup of rabb1ts receivmg Iarc;osa app&ar‘od tg’ ‘

]



]

©4
4
i

: ?ig. 16.

P , o o

- .
Effect of Altopurinol on AUP-Induced Platelet

[ X4

Aggregation in Rabbit CPRP.

© >

Q

| Hote the gradua11y increasing Aggredet1en Index (A I. )
- n AUP (3 Jexelo 6M., f1na1 concentrat;on) 1nduced platelet

gggregat;on in CPRP of a110pur1no] (40 mg./kg: /day, orally)

- treated Fabbits. Ada1n Mhen the data froum thg 8- 28 day treat-.
ment per1od were analyzed a stat1stica1¥y sign1f1cant increase .
1n p]atelet aggregatlon cou1d be demonstrated for th1s 8, 28- day'

treatment perlod The p-va1ue gpown was obta1ned by student s.

L)

-

t-test us1ng pa1red data. S - - ' f ¢;".

. In th1s e!ber1ment the al]opur1nol treated grOUp
cons1sted of seVen rabb1ts, 2 ulood semple be1ng obtained from .
_‘aeach rabbit, every séven days. Since not a]1 rabb1%s survived
the full 28 days of the exper1ment the n yalues shown reflect

: the tota! number of bloodosamp1e§ obtained for the durat1on

Pl z . P

“of. treatment 1nd1cated For detalls ’see Appendax 1.
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“Fig. 17.
| [ffect of Allopucifiol an AUR-Indueed'P1atelet '

Aggregation”i abbit‘CPﬁP,‘Using a Higher ancentratfon of ADP.
N |
) Use of a higher concentrat1on of ADP (1. 25 x 10
] final concentrat1on) to 1nduce platelet aggregatdon in CPRP of
a110pur1no1 (40 mg./kg./day, orally)-treated'rabbits proeuced _
.results simi}ar to those 111ustrated in thure 16. ‘with thts
higher concentration of ADP, eﬂevated Aggregation Index (A 1. )
.values were noted, being statwstica11y sign$f1cant during the |
| 8-28- day treatment pé?tod - The p-value ;pqyn was qbta1neq by
‘ student s t- test us1ng paired data ". ' -
L In th1s experiment the allopurinol treated group
,cons1sted of seven rabbits. a blood samp]e be1ng thained from'
'each rabbif every seven days Since not - alt rabbdts survived
_ the fu]l Zd days of the experinent the n va]ues shown reflect
-the total humber of .blood samples obta1ned for the durat1on

ef treatment Indicated Fof' detai}s.'See_Appendlx III.
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Fig. 17. .
|  Cffect of Allopurifiol gn'Aupflndueedjplatelet 3
Aggreqation i abbit‘CPﬁP, Using a ngher ancentration of ADP..

\\‘ .
Use of a higher concentratlon of ADP -(1.25 X 10
_ final concentrat1on) to lnduce plate]et aggregatdon in CPRP of
allopur1no1 (40 mng. lkg /day, orally) treated rabbits produced _
<resu1ts simi]ar to those 111ustrat6d in ngure 16, W1th this
h1gher concentration of KOP, eﬂevated Aggregation lndex (A I )

. values were noted, being statxstically signtf1cant during the

8-28- day treatment pértod * The p-value ;pqyn was qbta1ned by

“ student 5 t- test us1ng paired data |
L In th1s experiment. the allopurinol treated group
,con51sted of seven rabbits, a biood sample being qbtained from
,‘each rabbif every seven days : S1nce not a]l rabbdts survived
‘ the full 23 days of the experiuent the n vaTues shown reflect
‘-the total number of blood samples obtained for the durat1on

of treatnent lndicated Fo#.detaf}s, see,Appendix Ill.



s
oA

Y

FIGURE 17- . . | =

ht

. 10_ ; . E e T -~
) Do .

~ PRE- | ||
|TREATMENT] " |
TLEVEL |

s ] g h

s, »
K
. .
el . 4 .
. . B . .
- | . . b
& s

©

)
|

A
13

'MEAN AGGREGATION INDEX tSEM. °

. ‘ -
~
-
)
Us
9
. '
, ’ 1
-

N\
AN Y
p

] el s oo

" 7. 814 15-21 22-28
"DURATION. OF TREATMENTttays)
l E o | . '




. L 7Coi]agen-induced~ﬁiateiet,aggregationwin CPRP

from.alfopurinoi (4b mgﬁfkg./day,foraiiy)-treated o
rabbit§ resulted'in-signifiqantiy‘elevated (p'<,05)
mean coilagen curve hefghts throughout the 28 day )
treatment period (Fig. 18). No statisticaily
significant changes in cp]lagen curve height were
observed in the control group.

The time !B onset ot-zoﬂiagen induced piateiet
aggregation was not significantiy aitered in either
the. aliopurinol ‘(40 mq. /kg /day, oraiiy) treated or
v the control groups.

\\ Severai other parameters were measured in these
experiments in. conjunction with the prgyiousiy
described adenine nucleotide and. piateiet aggregation

v measurements The whoie biood piateiet count in the

1

aiiopurino] (40 mg. /(3 /day, oratiy) treated rabbits
was: significantiy'reduced (Fig 19) at- the 8- 14

(p &.05), and 22-28 (p <:02)-day treatment periods
Anaiyzing this data during 1-28 (p <.01) days of
treatment (Fig 19) was evep more significant. Quite
on the contrary, however, the controi rabbits
'exhibited elevated whoie-biood platelet countstUring
the 1-28 {p <.007) day.period of - the ‘experiment

{Fig. 20)




Fig. 8. LT s

| Effect of A]lopur1no] on Col]agen Induced Platelet
.Aggregation in &abbit CPRP

‘The«@ean curve height‘hnn )‘of-co!]agen-induced
p1ate1et aggregation in LPKP of rapb1ts treated w?th al]opurino]
(40 mg. /kg. /day, orally) was 51gnif1cant1y elevated during
1-28 days of treatment The p—va]ue shown was obta1ned by
student s t-test using paired data. - iﬁ

In thls exper1ment the a]lopurlnol treated group ”
cons1sted of seven rabbit;. a blood samp1e being obta1ned from
_each rabbit, every ;evenedays. “Since not all rabbjts'survaed,

the full 28 days,of‘the,experiﬁeﬁt, the n values shown reflect
the total number of blood- samp1es obtained, for: the duration

[

Hvﬁ treatment 1nd1cated For details, see Appendix lII.
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Fig. 19. LT N
Effect of A]]opur}nol on the Whole-81ood, Plafelet |
Cant in Rabbits. |
The whole-blood, platelet count was sigﬁﬁfioantiy
reduced in thé 3-14 and 22-28-day periods ofltreatment of
.'rabbits with ailopurigol (40 wg./kg./day, ora11y); This
reduced platelet count was even more evident when the. whole
Zd—day (1-28) treatment period was considered.’ The p- values
shown were abtained by student's t;test using paired data.-
In th1s exper:ment tne allopurinol- treated group o
cons1sted of seven rabb1ts a blood sample being obta1ned from

each rabbit, every seven days. Since not all rabbits survived .

the full 28 days of the experiment, the n values shown reflect

. the total numoer of blood samples obtained, for the duration of .

‘téaatment indicated. For details, see Appendix III. . '
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* Fig. 20. . o ‘ .

RS

T ; o fleVétion of ﬁholg—Blood, P]a%e]et°Counts in Contro]

[
~ -

Rabbits. . 6 . : ,
2. ] - c £ @2

.0 e

D ' L, N ) . .
‘} Whole-blood, platelet counts ¥#“the control group were —
o, significantly elevated duringﬁ the LZ;f&;day {1-28) [’)ériod of the

experimeni. The p-value Shown was® obtained by student's t-test
using paired data. ¢ .« ' (

- In this éxpér‘ir.nent théf' c0ntr;dl group 4consisteduoj three
° s rabbits, a hlood sample béing obtained from each rabbit, every
-] e : 3 ! \
e *  .seven days.  Since not all rabbits survived the fyll 28 days

of the expgriment, the n va:lueso shoﬁg reflect the total number

°  of blood samples obtained, for the duration indicated. For
. s ) o < o
. . details, sce Appehdix IIT. ¢ ' o
: - <@ *
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Even though the same CPRP dilution te;hn1ques
were - used for the allopurinol (40 mg./kg./day, 4
orally) treated or the control groups throughout -

the 28 day exper1ment exam1nat1on of the “d1luted"

CPRP counts, however,=revealed a reduced d1lutéd

CPRP count in the allopur1nol treated group which wes
= significant at the 22-28 (D‘i.OOS)—dqy tre§¥ment,’
period (Fig. 21) Conversely, the diluted CPRP

] -

count, was elevated in_ the control @noup dur1ng the g

. comparable per1od this elevat1on be1ng 51gn1f1can€

at the 8-14 (o«t 05) day level (F1g 22). This contro]""

group data 1nd1cated stat1st1cal s1gn1f1cance as well

throughout the 1-28- (p ( OOl) -day, period (Fig."22).
Simultaneous mon1tor1ng of the packed cellf>

o volumes (Pcv) dur1pg - Shese” aden1ne nucleotide

expériments did not reveal any sign1f1cant difference ? e

’ .
o

I

in e1ther the allopur1nol (40 mg /kgp/day, orally)- ] ?:

)

treated’or the control greups.

Heasurementuof rabo1t we1ghts throughoﬁt these

exper1ments 1nd1cated in- both groups only°thé

g expected we1ght ga1ns cons1stent‘yuth normal growth

¢

-

' dur1ng the428 days of the e;peruuent

’/n
R <
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D. Effect of Clinical Use of Oral Allopurinol onEAdhesfrenéss and
E Aggregation of Human Platelets v '
Throughout the period of aIIOpur1nol treatment. platelet

adhesiveness was unchanged from the 1nit1a1 pre- treatment 1eve1s,

in the patients studied , - °

°££j=ﬁge%n==z§“Tﬁ'fﬁé experiments With rats and’ rabbits.""';”"
there was-a trend for ADP (4.1 x 10 bu. , final concentration)-
’ 1nduced plate]et aggregation to he increased during a]lopurino]
treatment (F1g 23a), with a sign1ficantly 1ncreased (p 8 01) mean
| curve height in the first month of treatment (Fig 23b) |

A highly significant correlation (r=0. 66 p<’ 005) was

demonstrated éFig 24) between decreasing serum uric acid 1eve1s,
as neasured by the fall- (mg.-%}° from the\initial vdlue; and -
, increastnq'plate1et aqgregatfon,(hggregation Index) 1njthe ﬁatients‘

studied. Patients whose serum uric acid levéis fe11 by 6-9 mg -%.

- 19

showed an 1ncrease of 2 4 Aggregation Index un Those who
showed little chame in uric acid. ]evels also showed Tittle change

in platelet aggregation : . -

.33




Fig. 23, .
Effect of Allopurinol on ADP-Induced Platelet

ﬁggregaqion in Human CPRP.

(a) AUP(4 1 X 10 fina] concentration) induced

N

RN SO RS

B SO [ A — R

plateiet aggregation {as 1iiustrated by mean rate

. of rise) .in CPRP of. patients receiving aiiopurinol
Was s]igntly elevated during the treatment period

- each pat1ent s monthiy treatment data being com-.
“pared to the pre -treatment control data for that <

.

patient.
(b) ‘Simiiérly, the medn curve height was elevated -
'QUring allopurinol therapz.,being‘éignificantly
so'in the first month of treatment. The p -valye

shown was obtained by student 5. t-test using

paired data, - i(v

Hine patients were included in the study, bhi since.
not ali patients compieted the siz—month duration the n-va]ues

shown ref]ect the- number of patients participating at the

duration of treatment shown L ':_7 ‘ . -/ .

-

“
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- Fig. 24.

Relationship Between Changes in Platelet Aggregation

and Decreases in Serum Uric Aqidlin'Patients.

Correlation of the platelet aggregation of the

patients studied, with the uric acidlleyels, revealed a
highly significant corfe]affon'(f-O.GG. p'<.005).‘ A drop
“- of serum uric acid betheeﬁ 6-9 mg.-% was accompanied by an
inéreﬁse in gdgregaﬁio; iﬁdex of‘Z-A.agg?egation index -

units.
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DISCUSSION

Patients with’untreated cancer, partic%larl} hematological
disorders,gha:e an accompanying hyperuricemia dee to rapid cell turn-
over (Krakoff, 1967). Treatment of cancer with X-rays or
antineoplasticzaéents &1s0 results in hyperuricemia (Rundles,
Wyngaarden, Hitchings, and.é1ion, 1969) dLefto increaeed tissue
destruction and nucleoprotein turnover. baﬂis, Theo{ogides, and

'Kennedy (1969) indicated that thrombosis has heen assoc1ated with
cancer for more than 1QU years ‘H s not too surprising, therefqre,
that an association between thCOmbosis and hyperuricemia would be ’
suspected " Such an association was reported by Pearee and Aziz (1969),
in that of 60 acute stroke pat1ents studled 25% had hyperuricemia °
which was not transitory, leading these authors to suggest that
hyperurlcemia may be a factor in the pathogenesys of atheroma.
Sub;equentaworﬁ°(Pearce‘and Aziz, .1970) indfcated that’hypeflipidemia
was 6150 associated with cerebfovaseu]ar disease but that.

hyperuricemia was not- suff1c1ently well correlated (p<.10) with®
. . >.05

" hyperlipidemia to be a useful diagnostic:predictor of cerebrovascula:'
 d%sea§e.' Gertler, et al. (1964} had previously studied 490 men,
28-83 yedrs of age, and had conc]uded~that the "coronagyv-prone"
indi&iqua] could be characterized es."elaerﬂ shorter, and with

elevated cholestero}, ueic acid,'and phospholipid levels". Bluhm

o

" . = ; ©
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and Riddle (1973) ajso found-a significant correlation between serum
- ur1c acid 1evels ‘and myocargla1 ipfarctien. Wewland (1968), using

intravenous ADP to induce puIﬁbnary thrombosrs in rats, reported

u
f1nd1ngj1ncreased thrombi format1on 1n rats pre-treate& w1th intra-

venous urate. He postu]ated that the elevated urate 1evq]s possibly

s]J&ed the degradation of the infused ADP, resu]tlng in an increased

amount of ‘ADP being available to 1nduce pulmonary thrombosis. It-
may have been, however, merely phagocytos1s of uric acid crystals
(infuse& as part of the urate 1nfus1an, or prec1p1tated in the blood

[~}

- streanllnnmd1ate]y after 1nfus1on) by the platelets; which’ has been

- shown (Glynn, Musterd,oSmythe, and Hovat, 1966) to occur in vitro, °
h leading to platelet aggregation. Furthergoref-Pé]mer; Pipér; and -
'ganec(]920) have reported f%nding vaso-active Sabstanc;s released
“from isolated 1ung§ by injection of particulate natter into the
perfusate. Uric acid cryitals, acting like paﬁticulate mattér:“might

.. release substances from the lungs, which in:turn, could_affect

platelet aggregation, suggest?ng that Jewland's (1968) results might

o

be due;to "uric acid crystal—particuiate;hatter". Uric acid,

soizbilized by 1itn?um°carbonate, and -added thS% gluco$e, .has been «
: infused intravenous1y intB humén subjects‘(Yu, Berger, and Gutman, .
1962 and others) as parﬁaof urate excretlon stud1es " This infu#ion
aised the mean plasma urate leveb from's5, 4 mg.-~% before the infus1on

t 7 3 mg =% after the infus:on These ipvestigators did’ not mon1tor

thd effects, on platelets, of this urate 1nfus1on. Emmerson (1925) v
. has’ ecently discussed the potentfial hazards ‘and risks 1nvoliéd 1n

treat\ng, or not treatifig, hyperuricemia. He identifies obesity,




type IV hyperlipoproteinemia, hypertension, diet, alcohol
(especially beer),'tﬁy?oid dysfunéfion, and parathyroid dysfunc;ion?
as factors (not necessari]y.causative factors) ;ssociated witn <
' h&peruricemia., Dosman, CFtha]], and Klassen (1975) sFudied seven
male patients 1mﬁediate1y fo]]owfng myocardial infarction, and
found that their urate turnover wﬁg twice horha],_and their urate -
_ poal size was 3-6 times normal, They concluded that hyperuricemia

in the poé;-myocardial in?arction state is clearly evident, but .

<

<

that a causative relationsnif between hyperuricemia and myocardial

- -
- -

infarctionchag not yet been proven. .
v . In the resilts reported here with atute gout patients re-

«ceiving allopurinol Brally for the first time, a significant

-

corre]ationiwd? fqund between decreasing se;um urate and iﬁcreasing
p]ate]et aggregation S1nce it was not feas1b1e to ver1fy these |
data by further studies 1n human subjects, an hyperuricem1c an1ma1
model was deveIOped. %The byperurlcem1a of the animal model could
thus be lowered‘with af]opﬁrino] and anyFSimilar correlation_with -

«

plate]et aggregation be observed as :n the studies of. patients with
gout. Des1r1ng to 3v01d the probaL]e difficulties associated with
Qra;e 1nfusions and uric ac1d crystals, the tgchn1quesfof Johnson,
_g__L (1969) ard. Stavric, et a] (1973) in rats were used, develop-
ing a rabbit hyperuricem1c model éluestone, Kfineﬁberg, wafSIan.
and Goldberg (1974),have also described a rat hypefurfE;;ic modg],
based ogclhq techniques ofAJohnsoq, et. al. (1969). bsing intra-

venous potassium oxonate, a uricase inhibitor, and a previous

16}ding dose of intraperitoneal sodium urate, arn hypégpr1cemid was

-t




produced which gradua]ly*increased with'time. This hyperuricemia

in rabbwts was found not to be assoc1ated°w1th any changes in plate-

let aggregation. wnen this urate level was lowered with rntravenous
. o sodium'allopurinol however a decreased platelet aggregat1on was "
observed *quite the contrary to the prev1ous observations in gout
.patients To determine whether th1s decreased platelet aggregat1on

was due to the lowering .of the. urate level or due to'the 1ntravenou§ .
allopurinol, the 1ntravenous allopurlnol experiments were repeated

“v with normourxcem1c rabbits. Aga1n, a similar decreasesnn platelet
5.__;,1 aggregatlon was observed This suggested that Tntravenous N .

-alTopurinol 1n<rabb1ts and not a change fron hyperur1cem1a to’

' normouricemia in rabbits, was responsible for the observed changes -

in platelet aggregat1on ItAshOUld be noted that even normouricemic |

‘ ;nathol~2:2up rabb1ts exper1enced a sllght hyperurlcemla which may ‘ .

have been due to the anesthet1c and/or,experlmenta] proceduress “This ‘
situation was accounted for by providing a control group- ¥n these
: experiments These data suggest that allopurlnol 1ncreases platelet | ?\\*\'
aggregation dur1ng prolonged oral use - (as in the gout patients), and~
,decreases platelet- aggregat1on as a resuit of lntravenous, short-
T term contact with -circulating platelets R . ' g,
. It has been known for some . time that acetylsalicylic acid
(Morris., l967 Zucker and Peterson 1968 and others) Inhibxts plate- .
"let aggregat1on and prevents the second phase release of ADP (and
other platelet‘const1tuents)-from platelets.‘ 0’ Br1en (1975) and e

- Flower (1975) have reéently,summarlzeg'this subject, including

'djscussion of the inﬁdbitﬁng effects of atetylsalicylic acid on the




LX] s

' ,adenyl cyclase result1ng 1n elevated 1evels of cyclic AHP(cAMP)
.'Stuart

:recentTy, HéEJroy and Ph11p (1979)

e ‘related agents, Eoncluded that p]ate]et funct1on,(1nc1ud1ng

;‘one or the other agent in 1so1atfon

':results in eleVated CAMP), 1t 1s boss1b1e that aTlopur?-w] 1nay have )

| s1m11ar action.

‘aggregation and thrombus formatlon

51m11ar1ty of a11opur1n01 to non~ster01dal ant1 f]ammatory agents

- 1969) that al}oourlnol péssesses anta flammatory propert1es

p]ate?e% product1on of prostag1ahd1ns. ﬁrostaglandiné°§t3oulaie

3

‘ t C

_Which is assoc1ated with (not a causat1ve re1at1on5h1p (ncDona1d and

e ® 3

1974) decreased (or 1nh1b1teg) platéﬂet aggregat1on; More

workfng w1th d1pyr1damole and

<

faggregat1on and the feTease reaction) 1s modu]ated by a1teratJ0ns 10°

the re]at1we concentratfons of CAMP and cyc11c GMP(cGhP), and not by

Because of a]]opur1no1 s

‘§tructura] sim11ar1ty to’ xanthrne, and xahtﬁxne s relatlonsh1p to k

°

'ftne methy]xanth1ne§ (1nb]b1tors of platelet phosphodlesterase,@whfch -

k)

In the data presented th1s migirt b~

\'recogﬂ1zed by 1n v1tro°aT1qpur1eol S 1nh1b1t1on of’second phase -

aggrggat1on and 1ntrayenou5 aPﬂopur1no1 s reduced p]ate]et o Lo

° - 5 2 . 3

aggregat1on : ‘ . o 0

B °

) Packbam and tlustard’ (]969) found that Ron - ster01da1 anti-

<

‘ _1nf1ammatury agents such as Qhenylbutazone 1nh1b1ted pgqtelet

”

The p0551b1e pharmacoioglcal

P ]

‘ becomes cred1b1e when one cons1ders the report £R1es£erer and Jaqués,

Thls
S1m1lar?ty is fyrther §ubs£an¢1a;ed by Jaques and He1fer (1§71) who .

reported f1ndvng ant1n0c1cept1Ve anq)ant1 exudatﬁve effects of T

%
? . £ H i -

a]lopur1nd] and of xanth1ne\ e e

v
- -

—~

e
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SR TheSe ngsults, Lnd1eat1ng.thdt 1n vtgro a]]opur1nol 1nh1ﬁ1ts, T
’ ° ' . C >, ‘
C°31399“ 1ﬁduced‘ﬁ]ate1et aggrqgatxon in rapbit .CPRP, < are consrstent S
with the e¥1deﬂce SUG§£St1H9 that a11opuﬁ1no] is-an antl-flaunmxory o T
° o s e & e ¢ o » ° .
’ agent Fur»hennore LPQPafrom rapg1ts receﬂv1ng ora] al]opur1no] for° -

1-28 days revealed a srgnQﬁcant"_}'_n_ vitro aJ]opumno] 1M]1b1’t10n50f

P2 e

~o

e .

W

0 Pt P a]so s supportlve of the hypathe§1s that aTlopdk1no] péssessés

ADBP- 1nduced Qlatelét aggregation whereas CPRP from contro1 rabbft?“lg ° .

v B @
e A4 M-

rece1v1ng chtosa for - 28 days was ﬁbt s1gn1f1£ant1y affected l y°in

S ¢ &,

: v1trq a1}0bur1pol . This suggests that: perhaps the plate%ets of \ ;
- &

aor&le dosed a]loﬁhr1nbl treated rabblts were: Wcondftioned“ y prc—

&
B e 0 : [

‘v1ous expusure fo a]]opu?1no1 resu1t1ng in-a pronounced 1n%v1tr0v

E a ° - Cl

aTIopurlnoi effect on “these plate]ets% =The evxdence Qf in v1tro

-3 : s "

al]opur1n0?-1nhmv1taon of the segondvphage reTease react10n=1n numan °

K ‘a : o © E]

a dlrect effect on platele%s. Th1s as further Suppqrted by the ev1d- s

a

ence of inbibitidn -of ADP 1nduced and 6011agen 1nduced ﬁggregat1on of » o

L3 c“

platelets fnan rabbwts hav1ng Feceﬂved 1ntrayenous a]]gpuraﬁoﬂ T%e oL

- b

use’ ofi1%travenous a11opur1no1 suggests that the sudden presence of C e ©

!
w °y S °’.‘, W©

a110pur1nol ?ﬁ the b]ood st?ean gf rabb1ts resulis ln a dnrett efféct By
on pTQtelgts which was not’found whey %llopurﬂnol was gtVen a?a]]y "f5‘

@

%'~  The 1nterfecence “of a1lopurinol w1th purine’ metabo1tsm ?L‘ =15°

i : :
. ¢ . [

(Pomales, et a]., 1963,,Ke11ey and Nyngaarden, 137025 Ke]iey and,

awyngaarden 1970L) was. prev1ous]y d1scu§sed 1q some°deta11 on, : e, L7

-]

wyngaarden, and Kelly (1970) reported that al?op@¥1nol was found to e

< r

dep]ete the 5 ‘—phosphomabosy1«l pyrophosphgte (PRPP) in human >

- erxthrocytes ﬁjthough such’ an éctibn of allopurinol would reduce R

v :
- ore prevent pur1ne synthe51s de novo, t is.also" possﬁple that ‘ e
- . s . e ’e, e P ,
& @ o
, 3 ‘ ’ : .
° < : . oo 9 e ° ° -
¢ o d ¢ L4 ¢ u, - - o e“". g ¢
* 7 o o < ,_l .
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coubd weduce thevcatabol1sm‘nf substances such as 1nos1ne adenoswne,~

» © ]
v

substances such as AHP AUP and ATP

" and thus other adenine mucleotd des.

-3 =3

s - e - - L

£

Predom1nance of‘the latter

[

effect w6u1dvbe expected5togbe accompan1ed by an accumu]atﬁon oﬁ

1.33

(1975) found: thatau1 »Hypoxanth1ne was fncorporated ﬁredom1nant]w

L]

R1vard McLaren and Brunst

T

by preyentrng conversgon of hypoxanth1ne to: xan£p1ne, .

a

sinto ADP %nd ‘ATR, . 1n no?maf washed human pfateJetsa Increased p]ate-

let* levels of tota] nucleotﬂdes»(deterﬂ1ned to cons1st Largely of .

0 ;

" ADP), as descr1bed eariler -would Tend suppore>to the pass1b1Pity of

<

hypoxanth1ne 1ncorporag1on into p]ate]ets

/

a]so ¢r0v1des an.explanatfén for the . 1ncreased p]ate]%t _aggregation

E

3

9

L

ThTS elevated ADP 1eveL

observed in rats, rabbitss-and man, a]lureee1v1ng a]1opur1no] ora11y

\'w

4

> go o ©

days of tbe 28- day exper1mént with rabblts suggests that ora]

¢

S,

a}lopur1nol does not s1gn1f1cant1y a]ter nuc]eot1de 1eve1s in ex1st—

'°1ng crrquai1nq plate]ets, but rather, may produce e]evated AbP

-

©

' 1eve]s pr1mar1}y in develop1ng platelets 1n the megakaryocytes

e The near total absence of thls efﬁect dur1ng the‘first seven

o

A plgtelet populat1on h1gher than normal in ADP conterit, may Tesult .

2

1n a “stack1ér" p}atelet popuTation, which might exp]atn the

°

observed thrombocytopenﬁc effect of oral allopur1n01 in rabb1ts.

two d1st1nct effects w1th respect to. platelets

.

I

‘ aggregatlon

‘sod1um alTopur1no1 was used

-]
2 . ©

‘Asdirect effect prevent1ng second phase re1ease
of platelet const1tuents, with decreased p]ate]et
These effects were observable when

vitire, or in vivo

g

o

é

The foregoing discussion suggests that al]opurinol possesses

P

d




.

as -an’ intravenous ,injection.

=]

2. An indirect effect, thch may involve the

° o

. megakaryocytes, is manifested by elevated
pdatelef levels of AOP, increased platelet
aggrééation, and an apparént thrombocytopenia

which may be’ die to increased "stickiness"

of the platelet population,’

o -

2

These distinc}i&e’effectg are schematically illustrated in

B .

&
. Fig. 2b. -
ﬁ 9 o




Fig. 25.

Schematic Representation of the Possible Mechanisms of

_action of Allopurinol on ﬁl&d Platelets.

e

te, Yew

(a) “SééguﬁfAllopurinol. in vitro, or given intras

:1 venous]}, may exert its plate]et_aggregatfon- .
inhibitihg effects at any one or more'of (1), (#%),'
or (iii) aspékts of the overall mechanism.

-

Allopurinol given orally for an extended time, re- -

osu]ts in ele?&ted levels of platelet ADP (iv).
(b) In;th1§ simplified diagrém of purine metabolism,
it will Qe nqted that altopurinol- inhibits
"kénthine,oxidase at (v) and (vi), and by so doing,
‘results in elevated levels qf’hyppxanthiﬁe and |
¢ xanthjne,‘the former beiny }e—ufilized for the.
synthgsié of TP, AMP, and ADP, respecfively.

kN . .
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SUMMARY A CONGLUSIOWS

t ‘ r

The experimental results obtained may-be summarized as

fo)lows:

1. -Allopurinoi, independent of the absolute levels
of plasma urdte or of changes therein, was
found to 1nh1bit.p1a;elét aggregation”

2. When added to rabbit CPRP, aT]opurinoi in vitro
‘resulted in a significant reduction in ADPT
: - , induted platelet aggregation, and complete
‘ inhibition of collagen-induced platelet aggregation.

In human CPRP, in_vitro a1lopur1nol caused a
complete inhibitTon of the second phase (release
réaction) platelet aggregation

3. Allopurinael fed orally to rats, and administered
. ' ~ orally to rabbits resulted in increased ADP- and
‘ collagen-~induced platelet aggregation. In
addition, platelet levels of ADP (in rabbits)
were elevated with allopurinoI treatment. A
significant reduction in platelet count was also
noted in these al]opurino1 treated rabbits.

4. Allgpurinol admjnistered orally to hyperur1cemic
-and/or gout patients, -as part of their normal
therapy, resulted in increased ADP-induced
' aggregation of thgse'patients platelets.” » . !

Evidcnce has been presented which supports the hypothesis

that“&]lopurinol has a double action on platelets:

. 1. A short-term direct effect, man1fested by de-
. ' - creased platelet agyregatton, and prevent1on
of release of platelet COnst1tuents..

2. A long-term effect manifested by . clevated
levels of platelet AUP, resulting in jncreased
.platelet aggregation and appafent thrombo-

- cytopenia. ‘
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An animal model for hyperuricemia was developed, and has .«

been presented in this manuscript This mode) penuitted successive
gerum urate determinations, over. several hours on the same animal
_ Consistent evidence was obtaned, and was presented here,

,with‘respect to the effect of allopurinol on the p]atelété of three
B

species, rat,_rabbit. and man.
‘ The clinica1 éignificance of tiis work is reCOgniécd when
ene considers tﬁe ever-incrcaéiug concern with which theﬂroutjne use
of allopurinol in phtienfé is being viewed. Although a]lopuriﬁcl
. has been used clinically for many years, and a few-side-effécfs nave
been'réﬁortud,{it is only reCcntIy‘;ydt,heretofure'unkuown;‘but
<brofound; unexﬁected.effects are being reported. AFox, Royse-Smith,
9nd 0'Sullivan ﬂ]Q?O) teﬁorted interference, by allopurinol, with
“pyritiidine nucleotide }ynthesis,».The interference of aliopurinol
With purind synthesis has beén discussed previously. Vesell,
'Pdssénanti. and Grgcné.(197u) reportedpthht'al16purfno1. in normé1
subJects, had decreased the Jiver mlcrosomal enzymne actithy,
suggesting possible tdofic effects of coucomitantiy adninistered drugs
which rely upon the Tiver microsomal en;mnes for th¢1r catabonyn.
~ One should not overlpok the posﬁible benefid1a]'effec£s‘pf :
_intravenous allopurinol.s If‘fntrééénous a]iopar%nol prevents, in |
Can, sééond phése release of platelet constitﬁents and reduces plate-
let aggregat1on, as was determtned in these experiments with rabbits.

there. may be a clinical role for intravenous allopurino] in the .

short-term prevention of thromboembolism,




Appendix 1

Standards, Enzymes, and Solutions Used
# in the Assay of Adenine Nucleotides
(1) ATP_Standard {100 ug./ml.) L0

Adenosine Triphosphate, 61sodium,5alt (M.W. 632.2) (Calbiochem)
ggggggggigh; 100 ug./ml. in 0.15 M. NaGl -~ -
‘Storage: S2 ml. quantities, frozen at,-20°c.
| Stability: 2 moﬁths _ : -
(2) AU Standard (100 ug./m.)
Adqnosiné Diphosphate, Honosodium (M.W, 494.3) (Ca1b1ochem)
p;ggggg;igj: 100 ug./ml. in 0.15 M. NaCl
Storage: 2 ml. quantities, frozen at -20°C.

Stability' " 4 months

.(3)‘ PEP PK(A)

- —

5 ul. Pyruvate Kinase. (PK) su56§n§ion (Sigma), from rabbit
skeletél muscle, TYPE Il, crystalline suspension in
(NH ) 250,% Stored at +4°C.{:stable‘f6r 2 months
109 ul. PhQSphoenolpyruvate (PEP) (S1gma) solution*
| Trwcyclohexylamine salt (M W. 465.6), crysta11fne
. q.s. 25 ml with Dist111ed Water .

o e e e oo T - .——q........“_-c-m-..‘ . w e e e n e e e

*PEP_ solution ‘
0.04566 gm. PLP : S
0.96920 gm. KC1 - ‘ '
‘0.98600jgm..M9504.7H20 |
s..10 ml. with Distilled Water
x‘.Sgggggg: +49¢.
Stability: 1 month




-

(6)

‘been heated at 100°C. for 15 minutes.

contains 0.05 M, KH

. 130

PEP-PK
E (1)

Similar to PEP-PK(A), with the exception that PEP-PK(I) has

Storage:"not stored; prepared freshly for use each day. -

Firefly LantefﬁﬂExtrgct (Horthington Biochemical Corperatidn)
(Firefly Luciferase) |
-lyophilized extract of firefly'langerns'

-each vial is equivalent to 50 mgi-dry lanterns and when
reconstituted (by the addition of 5 ml. of disiilléd water)
’ 27s0, ‘.
Reconstitution: 5.0 ml. Distilled Water added 2 hours before

A\]

and 0.02(M.'M9$04. pH 7.4

use .
Storage not stored when re-constituted; stored

@

frozen when nbt re-constituted

Suspending Fluid Nd,,}AjS.F. No. 1) .

NaCl Solution, 0.154 M. . - B 1
Tr1s(hydroxymethyl) aminomethane HCI Buffer (pH 7.4& 8%

e

Disodfum ENTA So]ution, 0.077 M ' . 2%
Storage:- 40%- o ' ‘ c o
o ‘ K \’ , ‘a ’
» . E . . ¢ . ‘ Coe o
TriSfO 2 M . . .
HCL.0.Y N | o »/ .

and titrate with HCI to pH 1. 4



(7}  Suspending Fluid No. 2 (S.F. No. 2) - .
NaCl Solution, 0.154 M. \ | S, 90

°

Trfs(hydroxymethy]) aminometﬁ;ne -HC1 Buf?er {(pH 7.8) 0%

o

, Storage: +4%. o C e o
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oAppendix I1

Adgregation Index, Method of Calculation ‘

)

The Aggregation Index (h. 1.) is a means of quantifying and

ihtegratﬁnq the rate and extent of the ADP-induced aggregation .
response of iblood nlatelets. The A. I. is directly propdrtional
to the ratefandéor extent of platelet aggregation. The formula

e

for the deté¢rmination of the A. 1. may be summarized as fpllow;:

e ) . ° g
_ D. U. . L .
A. T. = 13-Imean of ' “° | at time units of 3, §,
][time o : ' o
o 7, 8 and 10.) . ‘
where:
o, 0. ("Density Units') = log’ __ 9 mm. " .
measured vertical curve height)-

e 9 ' -~ {mm.) ‘ ¢

Timé is measured in "Time Units" (1 “Time Unit" = 15 sec.

” o -at..chart speed of 1 in./min.
B 5 using a Bausch & Lomb VOM5
Recorder) :

w ' . “ 4
A

and where: | . . | o
96 mm. = the established maximum curve height for al]l
~aggregation curves (instrumental limitation)

P

-

Ty _.,,“/ :
. ] . D o .
*' See @lso|the attached aggregation curve, 'sample calculation and

o
J

S .
o

sample wprksheet form.”
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° : . T E 1 3 3
* AGGREGATION [NDEX WORK SHEET =~ . !
(Revigéd Hovember 195.1969) R. A, Wildeman .-
é{ . . Pharmaco]oqy Jept
u.w.0o.- -
( Exrz Ho.?Y “(Pas fT ent §0.) (Rabbit Yo.) T Thate)
AOTE Aqqregat1on Index (A.1. ) = ]3 - mean of D,U. , at time R
1/time
et . . units of 3;5.,7,8 & 10
thfg:'ﬂlu. = "PDensity Units” =‘1oq __h4A_9§.FFL.- _~~__:_
> b measured vertical curve
_“height (mm.Y

Time =

‘Time Units", where 1 time unit =

15 sec.

‘(cnart speed 1 inch/min.)

and where 96 mm = the established max, curve he1qht of ail

aqqreqat1on curves.

R 1YY R ¥ M «
. * 7 am. 0 DU (Units)  T1/Time 1/Time  A.1,
. . 3 .33 T T
Sample llo. 5. 0.20 - ‘ ot
Curve g, - 7 .14~ ' " : :
ADP used - ml., . 8 0.13 T \ .
. ‘ 19 . 0.10 :
R £ T 2 ) 20 ¥ J
, . 0.U. (Units) 1/Time = 1/Time A1
T T 3T 0.33 T T
Sample Mo. -5 0.20
Curve’ No. ° 7 0.14
ADP used ~ ml. .3 0.13 | T
@ o 10 0.10 ’ _ ‘
LT Tty T T  me T T T LWL T T T O .
mm. DU {Units) 1/Time  T/Time  A.1.
o T ’ 3T .33 T f-
Samnle Hov—n - o 5 0.20 . L.
" . Curve llo. 7 -0.14 -
ANP. used  oml. 8« 0,13 T
: T _ 10 o.tfo -,
£ - 0
ome 0.0, (Units)  1/Time '1/Time. AL
s o 3, 0.33 T
Sample Mo. 5 0,20 L -
Curve io. 72 7 0.14 '
‘ADP used, ml. 8 .13 T
' T 10 0.10
g . ’
4]
- o




e o

A

L

. _AGGREGATION. INDEX -— SAMPLE CALCULATION
SAMPLE CURVE TRACING:

T
* . v“qj*"f‘
; ’ '6'—1“ "
7

| 5 18 10 " =
o " TIME UNITS o

SAMPLE CALCULATION

| Tipe - | - DU
om. o B {Units) 0 1/Time Time  A.l.
- 18 7. 0.727 .3 0.33 - 2.20

' 36 ©.0.427 S 0.2y S 2.14

o a2 014 2.23 <

K2 - TIEL N B S|

- <« 81 77 oizra S 2% & R § I
- 56" 0.236 710 . etlo . vo2.36
- e . Average = 2.2 10.79
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