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ABSTRACT s

* The uptake of dopamime .and serotdnin waﬁfmonitorgq in column-
washed b]oodqplatelets. The uptake of both gioggnic amines increased
with exogenous ligand ‘concentration showing nov sign of ﬁaturation.
Hélbperido1, imipramine and NH4Cl were tested as uptake inhibi?ors.
Dopamine and serotonin presented an ammonium chloride sensitive combono
ent of accumulation. This appeared to saturate at 0.1 mM for the up-
) éake 6f dopqmine. Imipraﬁine proved to be a more potent'inhibitor of
sérotqpin uptake while haloperidol was more effeqtive in inhibiting.
dopamine accumulation. A low affinity dopamine binding site waS
1dentifie& on f;rude platelet membrane preparation.  This apparent
heceptdr'exhib{éed a Kp of 184 nM with 39 fmols/mg pfotein bfnding
sites. - The evidéhce"presented is indiﬁative of a carrief mediated

’ transport process for dopamine unique from that of serotonin.
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fAPTER

Ittt jOn

4
*

Blood pletelets accumiatle dJopamine [UA) ajatast & cuncentras-
Lion gradient 1n ¢ sanner 2isilar Lo thy wptase of 5-nd {Soloman el
al, 1970, wordon ahd Ulwerman, 1978}, This UA uplase 13 desctibed pig-
vivusiy {ineddon, 1971, gordon and Ul verwarn, (4787 o Ge sodlated by
the carrier responsible Yor S.n! uptasig, Kinelic studiex Peur gan el
al, 1927, Gordon angd Olvermin, [Y/8) have thown that OA and 5.H1 are
mtually antagonistic in the yplake process tn Blood platelets.  The
tnhibitory (onstent of one amine Tur the uyplate of the clher was shown
tu approximate 18y ks value Tor uplake, This suuports the pevsibtiity
that UA and 5-HT1 share the same carrter. In an alleapl to characlerte
the relationship hetweren the yplake of UA and 5-n1 vartous tnhibtlor of

¥ s g

amine accumulation were employed [Irénchard ot al, 1475, Atrariinen el
.}

al, 1980). Some 1nhibitors proved 1o be more effhctive on 5.1 yptane

while olhers were more effective on UA uptave, This suppurts Uhe pos-

$1bility of a separate mechanisa for the accums'attun of DA by oot

platelets,

o
ala

The uplare of UA [Lordon ang Ulwerman, 1978 arg S.t] iney

1973 can be drvides tnlo Ywo cumponenls, g waturable ener gy dependent

srocess and a d1ffusion process.,  The tdentify atlar o These Tego o -

\

ponenty vy o ttigytt, - Lordon et oal D lYHS cnhogted Thet abert aniuha
tron pertods (O U seconds ) gt Gow B-ND concentrattar o LY Do Lt
rncubation medium would alliow the wrergy -dependert cracess Lo poraedgmta.

’
dte. These aqulthors aiso recogeized Thal oven gt 05 (oo lrglions,
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»

below the saturation ledkllof uptake for]thexenergy-depEndent process,

¢
v

diffusion accounted for a s1gn1f1cant amount of uptake.'
b HT and DA uptaké by blood. plate]ets are inhibited by var1ous
compounds such as tr1eycl1e an?1depressants'(Trenchard.et al,/1975,
Rudniek, 1977),1metebolie poisonsv(deomon, 1970;JGordbn‘eb al, 1§77)
and 8-carbb}ines (A{neksinen et a],”1980):. Imipngnﬁne (Rydniek et al,
‘1986) inhibits. the Nat dependent uptake (Sneddon, f973) of 5-HT in

platelet: p]asma membrane ves1c1es while ‘reserpine 1nh1b1ts the ATPase

dependent accumu]at1on of 5 HT 1n 1so]ated p]atelet dense granules

~ (Rudnick, 1980). Ha]oper1d01 (ha]do]), a DA antagon1st in the brazn 1

v(Cneese et-al, 1981) inhibits the uptake}df DA by b]ood platelets
,(So1ombn.et al, 1970): Proton ionophoreé sucn asqcarbonyT cyanideﬁ
p- trlflouromethoxypheny]hydrazone (FCCP) ‘and carbony] cyanide m- ch]oro-
phenylhydrazone (CCCP) collapse existing pH grad1ents across 1solated
dense granu]es “and cause‘eff]ux.of decumu]aﬁed 5-HT (Carty et alf,
°i1981); DA nhé;beenmshown tb accumuiate.inijpoéomes.{n responsé.to
dabtifitia]li,impoéed_pﬁ gradients - interior acidic (Nicno]s and
.Deamer, 1976);v,Addgﬁion'of 10 mM NH4Cl co]lapses the pH gradient
resulting fn eff]UX.of accumu]eied DA. Similan neSults were obtained
: vby‘Ingebreésen ande]atmank'(1978) who studled the uptake. of DA by |
isolated bbv1ne adreﬁb] chromaff1n granu]es

_‘ A DA b1nd1ng site on the platelet membrane has not been 1dent1—
-f{ed. tst]mated va]ues of the aff1n1by constant of UA b1nd1ng to
platelet membmanes sased on 1nb1bitfén of agoniSt'binding_(Cheng and
ierusoff,‘fé73) range from 3.1 UM (Newmén'et av, 1978) to 19 MM (Lynch

and Steer, 1981). Such.variatiodgof binding constant estimates have '



been suggested to be due to a low density of binding sites (Tsai and .

.
4
;

'Lef;owitz, 1978).
It thus'seemequf»vaTue to determine whéther DA ahq 5-HT were

qéfumulatéd ih‘bloogfblateléts by similar mechanisms. hhine uptake

inhibitors (ha]do}f imipramine and NH&C])“were employed to character-

ize their effectibn(DA and 5—HT'uptake.fn’an attempt to differentiate

between the QW§ processes. If DA gptake is mediatedaby a carrier sep-
aféte ffom{fhecOne“reSponsiblelfoh 5-HT SCChmu1étion,'then fgé-boégi-
bi1ityiof{a DA binding the to the plateiet hembrane'exisfs; 'Bindfng
stddiqiﬁwere carrjeq out'on crude plate]ef membrane preparatfons to

determine whether or not a DA binaing site exists.



CHAPTER I
REVIEW OF<LITERATURE

i
¢

A. -PLATELET FUNCTION AND MORPHOLOGY

~

The pTateTet'is a wembrane bound structure essential in haemo-/
Astasis. A]thoubh variable in shape, iﬁ is usually discoid. The aver-

aﬁe diameter is 2 - 4 um3 (Kaf~atk1n, 1977) Anucleate, the platelet

i 6 ‘
has no means of rep11cat1on al “bugh it contains many of the structures

re

found 1n a_normal'cell. " There sis very 11tt1e’3ndoplasmic reticulum or

o R

golgi apparatus. A hazy coat composed of carbohydrate or g]ycoprotein
;10 - 20 nm th1ck surrounds the tr11am1nar platelet membrane wh1ch is 7
9 nm th1ck The outside coat has receptors for the follow1ng factors of

the coagu]at1on system I, Vv, VII, XI, XII and XIIL. The plate]et

membrane also‘has‘receptors for monamines‘(eg; 'seroton1n, dopamine,
'epinephrine); ADP,(important in platelet aggregatjon); thrombinrand
'7glycosyl transferase. | | ' -

Within the plate]et membrane, two types of granular components
are observed"the a]pha granules and the dense granules. The'a]pha '

/

'granules are more numerous than the dense granules and are associated
with 1ysosomes. The dense granules are a source of non- metabo]1c ADP ;
an impdrtant.component in the seqUence of events 1eading to platelet
agoreoation‘and subsequent'haemostasis. They_alsofCOntain serotonin

i - » : ' .
and small -amounts of catecholamines. Interestingly enough, these gran-

U_u]es also store calcium (Johnson, 1971).



-

A myriad of tubules, known as the surface connecting system,

o

'., course through the platelet and arelthoughtnto lncrease'the effective
"erface area of the platelet for excretlon (Triplett '1968). J
M1tochondr1a, necessary 1n energy product1on, are seen ‘scat-
Vtered ‘throughout the cytoplasm. They. are closely assoc1ateq with the
microtubular system respons1b&e for‘malntenance of cell shape.‘
Contact’ of the platelet'uith‘a‘hydrophllic‘surface'causes characteris-
tic changes in strbcture. Surfacesfcausing this response are collagen
(exposed due to damage to the endothel1al lining of a vessel) and
glass. The platelet, upon contact w1th collagen for example, begins to
swell and assume 1rregular forms. Pseudopod1a are seen proJectlng hap-
’ hazardly from the body of the platelet. lhe'surfacé'of the platelet
becomes sticky and it adheres to'the.exposed'collagen. ADP, stored
wlthin‘the densgygranule;, is secreted in large amounts and activates
nearby platelets. As more and more platelets become st1cky, they
coalesce about the area of damage in the vascular endothellum, thus
forming a platelet plug.-vThrombln, a const1tuent of blood plasma, then

lacts on the aggregateo'platelets causing them to form a tlght and un- ;

yielding plug.

Platelets are necessary for clot retraction. Not only do
, platelets contain the contractile elements but al50‘contain'la; e
,amountslof ATP. Thus, uhen the clot retracts, expressinp,the/serum,
the edges of the rent in the vessel‘wall are’qrawn‘togetherland the
) process of repair takes place. |

| Platelets aredproduced by megakaryocytes, 1nhab1tants4of the ;

bone marrow. The product1on of megakaryocytes can be st1mulated.by {



&b

o
thrombocytopenla, a decrease in the number of circulating thrombocytes
(platelets) Studies have shown the l1fe span o{ the platelet in the
£
o .

After their release from the bone marrow, platelets apparently

blood stream to be 7 - 10 days (Johnson, 1971)

do not enter a pool in wh1ch they are’ evenly d1str1buted through the
c1rculat10n (Johnson, 1971) The spleen appears to be the maJor area
_1n which platelet concentration exceeds that of the per1pheral blood.

', The following text obta]ned from The C1rculat1ng Platelet (S.

'Johnson, 1971) provides a hlstorlcal rev1ew,of essentlal observations

~of the morphological, physical- and, chemical characteristics of plate-

e
AN

lets: _ N N ‘
In the mid 18 's, with the advent of the
achromatic objective to negate chromatic aber- ‘
ration, Guliver, Addison and Simon viewed the tiny -
and yet unamed membrane bound\structures. Zimmer- 3
man, in 1846, reported 'small colorless bodies, re

~fract1le and with well defined outlfhes\\\\

: It was not until 1865, when Shultze observ-

"ed platelet aggregation using a heated stage, t

‘anyone had an inkling that platelets might play :
some role in the maintenance of haemostasis. Osler, \\\\ :
in .1874, showed aggregation occurred outside the T
vessel. He also described platelet pseudopodia as
"two, three or even more taillike processes of ex-
treme'delicacyﬂ. A year earlier, Ranvier and Vulpian
noted that fibrin formed in relation to granules in
the blood and that these granules stuck to glass.

' Separat1on of platelets from the blood was
accomplished by Bizzozero in 1882. In so doing, he
was. able to determine the time for re-establishment of

~  normal numbers. ‘It was Bizzozero who coined the term
‘platelets'. ‘ : '

, In 1896, Haymen, working off the findings of
Krauss (1883) and Denys (1887), related clot retraction
to the presence of platelets.‘

Megakaryocytes were indicated to be the orlg1n
of platelets in 1906. wr1ght observed that the mega-
karyocyte cytoplasm gave rise to the platelet by



"pinching off small rounded prOJections or pseudopods
from the cell body“. Cleavage was noted to take place
through a zone of hydline encircling the futyre platelet.

A wave of technological advances allowed wOlpers
and Ruska to view the platelet under the electron micro-
scope in 1939, - _ . o

~ ‘,,. . . . ‘ \ i
. Further electron microscopic work was done by
Bessis and Burnstein from 1948 - 1950. These researchers
described the structural states of the platelet as
follows: l)discoidal or round,; 2) dendritic, 3)transi-
‘tional, 4)expanded or spread. ' ‘ '

Rebuck et al (1960, 1961) modified the above
scheme as follows: 1)circulating or round forms, 2)den-
: dritic or pseudopodial stages, leading to, 3)platelet
. aggregation or early viscous metamorphisis, 4)intermediate
or transitional 5)expanded or spread forms.‘

A year earlier, Bessis and Pulvertaft: observed
direct formation of platelets from megakaryocytes. Around
the same time Johnson confirmed 1ipid production by the
dense azurophilic granules ellucidated by Wright in 1906.

N Born, in 1956, discovered large ad&kpts~of ATP in
. the platelet and posulated that ADP, a breakdown product -
. of ATP hydrolysis, was “influential in aggregation.- This:
fact was born out by Hellum (1960) and Guarder (1961).
Hovig (1962), Rodman (1963) and Zucker (1964) linked the
- presence of ADP with increased stickiness of ‘the hazy coat
of the platelet which predisposed aggregation:
, ! :
The m1crotubular element of the platelet was d1s-
covered by White in 1967. He surmized that they were
influential in the maintenance of the platelets' discoid
shape. The tr1lam1nar cell membrane of the platelet was
- found*by Behnke (1968). * With this discovery, the possiblity.
_existed that a. semlpereable membrane enveloped the platelet.

B.. DOPAMINE , | -

The product1on of catecholam1nes 1n the‘b(aln starts with the

K

amino acid tyrosine as a precursor. A series of hydroxylatlon and de-

- carboxylation steps results in the generat1on -of dopam1ne (DA).
Y :



hyroxy lation decarboxy lation oxidatlion . methyliatlion

ik,

Tyrosine ———3 DOPA 3 Dopamine NorepInephrine w3y Eplnephrine

Greater than 50 % of the total brain\@atecholamings are in the
form:df dopéminé. The nedstffatUm, nucleus'ad;umbens and”tuber;ulum
o]factori;m are.regiggs of high'DA eoncentrat{on. The‘sdpériof cervi-
.qal gangiion also contéins large ngUnts'of DA which is thought to be
located in sha]l Hntensely flourescent cells. | |

DA appears'to govern motor funttion'in the nigrogfriatgl region’
ZCooper et al, 1974)’and hypbtha]ahic-pituitary contrp] in theltuberd-j '

{hfuﬁdibuiar syétem. It is posfua1ted that DA may play some role in
'.ment$1 function in the mesolimbic system,dﬁParkinson}s'&isea§e is aééo-
ciated biochemical 1y with dvdéficiency of DA in the dopaminergic neur-

ons of the caudate, putame;,.blobus‘paflidus and sdb§tqhtia nigra. The
disease presents the following symptomS: ‘tremohiof the hands, face and

tonge; ékinesia; and igtekmittedt rigidity‘(Robbiﬁs and Angell; 1976).

There is evidence that DA is pregentfin discrete nerve endings
(Guyton, 1977).and fs'stored within subcélfular érénules. “Activation
.by?a ﬁerve impulse causes the'qélease of DA fﬁoﬁ-the storage granﬁles
into the synaptic cléft.‘ DA then acts on a receptdr whi;h initiates
pdst-synaptic events., Several drués are'khown tovinterfere with this
procegs_of doﬁaminergic ne}ve transmission. .Resérpine jntehferes with
_'the uptake/storége'mechahish of amines in the amine granules. DA'rg-
ceptOrs'canvbe stimulated by drhgs such as apomofphine and dihydrbergo;
cryﬁtiﬁe’(Cooper et al, 1974). DAAEéCéptors are ihhib{tedipy drugs

such as haloperidol (Crgése et al, 1981). ’ i

e
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- In the brain, DA is takeﬁ-up into the presynaptic terminal
after e*citation; thus termipating its action (Cooper et al, 1974).
The peripheral nervous system also displays DA production and |
breakdown. MOSt of DA is oxidized to ndrepinephrine (NE), and the rest

is deaminated by monoamine oxidase (MAO) (Cooper and Roth, 1974).
- C. SEROTONIN

Seroﬁonin (5-HT) is located;in several cell systems of the
body. We fin& fhe highest concentration of 5-HT ber unit‘celi mass iq
the pineal gland and enteroéﬁromaffin cé]Ts of the intestinal tract.
| Approxihate]y 10% of the tbta] body 5-HT is found in the blood pque-‘
lets. The 5-HT found'fn b1 ood p]ételet;kisvconcentrated in-osmiobﬁilic'
granules. Onfyvi - 2% of the toté] body 5-HT is situated in the cen-
. ﬁtralbnervous 5ytem"(CNS). o
| . The syﬁthesis of 5-HT in the brain occurs via.thé following
pathway: k

hydroxyiation decarboxylation
Tr;pfbphan ________4>.5—ﬁ}droxyfrypfophan._______.; 5-HT

Monamine‘oxidasel(ﬂAO)'may deaminate 5-HT after it has been synthé;
~sizéd.r This catabolic degradation results in‘the'production Qf 5~
hydrdxyindoleacetaldéﬁyde. This in turn may be oxidized'to'S—hydroxy-'
indo]eacetfc acid (5~HIAA);or reduced to 5—hydroxj§f}ptophol.

. o The use of a flourescense technique pioneered by Hiltarp and
Falk (1968);.ipdicated that'a]mdsf all 5-HT containing cell bodies were

found in the raphe nuclei.:.

: . o \ ""«\\E
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5-HT is accumulated by blood platelets (Sneddon, 19/3) and
neurons (Cooper and Roth, 1974) by a carrier mediated process that is
‘ ! -
energy dependent, sodium ion dependent, and requires glucose and

oxygenﬂ This uptake can be inhibited by meta&olic poisons such as
ouabain, dinitrophenol and iodoacetate (Coope! and Roth, 1974)., The
uptake of 5-HT by blood platelets and a numbeh of other neurotransmit-
ters is also inhibited by drugs such as imipramine (Rudnick et al,
1980),.protripty]1ne (Trenchard et al, 1975) and B-carbolines
(Airaksinen et al, 1980).

| Al though knowledge of the physiological role,of 5-HT is pre-
sently incomplete, some experiments (Cooper and Roth, 1974) have demon-
strated the role of 5-HT in somelparts of the central nervous system
(CNS); By injecting 5-HT directly into the brain'ventric]es, researéh—
ers discovered.that-this'monoamihe elevates body‘temperature. 5-HT has
alsd‘been associated with the ability to perceive and react to sensory

stimuli. Ih qddition, sleep duration is affected by the presence or

absence of 5-HT (Cooper and Roth, 1974).
0. UPTAKE OF DOPAMINE (DA) AND SEROTONIN (5-HT)

The upfake of monoamines such as DA and. 5-HT fs similar 1h some
respects for both brain synaptosomes and blood p]atéléts. Accumulation
of mdnoamjnes-in bothvp]ateletFKSolomon‘et al, 1970; Trenchard et al, ”
',1975; Rudnick et al, 1980)‘and brain synaptosome (Hamberger and Tuck,
1973) is sénsitiye to tricyclic ahtidepressants such és imiprahine,

protryptyline and nortryptyline.
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Tuomisto and Tuomisto (19/9) studied the accumulation ot DA in
striatal synaptosomes. These researchers arrived at a ftigure of
1.4 x 10;7M a5 a Km ftor thb uptake ot DA by the synaptosomes,

Gordon and Olverman (1978) demonstrated that the uptake ot DA by human
platelets is slow and presented evidence for a low éfrinity (kKin = 100
uM) uptake process. Also documented in the paper by Tuomisto and
Tuomisto are the inhibitory effects of imipramine and reserpine on DA
"accumulation. Both imipramine and reserpine significantly inhibited
the uptake of DA in the synaptosome preparation.

Sneddon (1973) demonstrated that the uptake of 5-HT by blood
platelets was dependent upon the presence oﬁ a Na‘* gradient (out >
in). Heinz (1967), in a review of transporé through biological mem-
branes, described the need for the presence lof Na* and K* for the
accumul ation of monoamines by striatal brain slices.

Uptake of monoamines by platelets (Atrams and Solomon, 1969)

and brain synaptosomes (Heinz, 1967) is reduced at low temperatures

|

(<37°C). Metabolic inhibitors such as ouabaﬂn and iodoacetate decrease
uptake by platelets.(Solomdn et al, 1Y70) and brain synaptosomes
~(Cooper and Roth, 1974).

With respect to uptake of 5-HT by pldtelet membrane vesicles,
‘Rudnick et al (1977, 1980) demonstrated that an inwardly directed
sodium ion gradient-cou]dfdrive the accumulation of 5-HT. This uptake
was highly sensitivé‘towaltricytlic antidepressaﬁt, imipramine, and was.
independent of the presence of ATP. Rudnick (1980) also showed that
isolated dense granules from platelets were insensitive to soﬁium ion

concentration but uptake of 5-HT was - inhibited by reserpine, a storage



12

[ 4

inhibitor an aminergic neurons (Cooper and Roth, 1974). Ihis granular
storage would appear to be partially dependent on the presence ot AlP
in the maintenance of transmembrane pH gradient (Rudnick et al, 1980).

| Much evidence is present in the literature to support the con-
tention that DA and 5-HT do not traverse the platelet membrane by iden-
tical processes. Irenchard et al (1975), using protryptyline dnd
clomipramine as uptake inhibitors, demonstrated that DA and 5-HT uptake
are not inhibited to the same degree. Work by Airaksinen et al (1980)
revealed that replacement of side chain subgroups on various g-carbo-
lines produced analogs, some of which affect the accumulation of DA and
5-HT to differenf extents.

The blood platelets from patient; with certain neurological
disorders such as Huntington's chorea, Down's syndrome, Parkinson's .
disease show abnormal uptake of some biogenic amines. Boullin and

.0'Brien (1970) and Barbeau et al (1975) reﬁorted that plateiets from,
patients yith Parkinson's disease showed abnormal DA uptake. The up-
take of 5-HT by platelets from these patients appeared normal. Mclean
and Ninei (1977) reported an abnormally high accumulation of DA by
platelets from patients with‘Huntihgton's chorea. Platelets from
patients with Down's syndrome show decreaéed 5-HT uptake as reported by
McCoy et al (1974). These researchers also observed a decreased ATPase’
activity and increased Na‘* content in platelets from these patients.

Work by Gordon and Olverman (1978) indicatéd that 5-HT is taken
up .very efficiently by an acgive transport process (Ky = 1 uM).
Further, DA accumu]atién is driveh by a low affinity process

(Kp =~ 100 puM). DA was shown to inhibit 5-HT transport competitively
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and vice versa.  In each case the Ky value for the Inhibitory amine
was stmilar to 1ty own Kp for tramsport, suggesting that DA uses the
same uptake carrier as 9-HI,

Born et al (19/72) demonstrated that the inhibitory potency ol
drugs as antagonists to 5-H] platelet membrane binding does not corre-
late with their eftectiveness as uptake inhibitors in platelets,

Gordon et al (19/77) pointed out that this tends to cast doubt on the
‘single receptor' hypothesis,

The existence of a tranémembraneth gradient (interior acidic)
appears to play an important part in the transport of amines into blood
platelets (Rudnick et al, 1980). Carty et al (1981) found that iso-
lated dense.granules exhibited an intragranular pH of approximately
5.4, When placed in a buffered medium at neutral pH, amine uptake was
observed. Proton ionophores such as carbonyl cyanide p-trifluoro-
methoxyphenylhydrazone (FCCP) and NM4Cl collgpsed the transmembrane
pH gradient resulting in efflux of stored amine tébextracellular
space. The transmembrane pbtential of the platelet granule proved to
cdntribute to amine storage.

The importance of a transmembrane pH gradient in amine accumu-
lation was borne out by Nichols and Deamer (1976) using liposomes.
Catecholamines were concentrated against a gradient and efflux of
stored amine was accomplished in the presence of 1U mM NHg4Cl. The
chromaffin granule ghost also presents an ammonium ion sensitive uptake
of DA (Ingebretsen and Flatmark, 1978). An ATPase activity is believed
to exist in the granule membrane which appears to act as an inwardly

directed proton pump producing a pH grédient (Carty et al, 1977;

>
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Phillips and Alltson, 1978). DA stored through this proton translocat-
ing ATPase was released uypon addition of proton fonophores such as
Fcee, NN4C| and carbony] cyanidﬂ m-chlorophenylhydrazone (CCCP).

The blood plaﬁelet dense granule exhibits phenomena akin to
chromaffin granule transport and storage. Johnson and Scarpa (1981)
presented evidence for an electron transport chain in platelet dense
granules which bears striking resemblance to the electron transport
chain found in adrenal chromaffin granules. This electron transport

chain may be associated with the accumulation of biogenic amines.
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.during wash1ng procedures. Tsai and Lefkowitz (1938) have presented

-
bindiﬁg Hoffman et al (1980), usxng computer modeling techniques
1nd1cated -that. h1gﬁ and low aff1n1ty o= receptor subtypes were llke]y to
exist.

' The 1dentifjcation of the low affinity a-subtype proved diffi-

cult in the past“due Likely to the freeing of 1jgaﬁd from q-receptor‘v

—

_ ev1dence that phy5101og1ca1 concentrat1ons of monovalent cat1ons can

inhibit binding of ligand to high aff1n1ty sites. It is believed that

interconversion of the:hiéh and 1ow‘affinity az-receptor sites cou]d

. produce such effects.‘VThese researchers also. found that Catt had

o

" no effect on agonist speciﬂﬁé;ihhibition‘of binding while certain con-

'fcentrat1ons of Mg++ enhadced agonlst 1nterference.

Sorutton and Wallis (1981) 1dent1fy the receptor on its suscep-

;tibility to various anelogues in're]at1on to other receptor subtypes.

That is to say, an & receptor should be stlmulated se]ective]y by an

R

@ agonist and compet1t1ve1y 1nh1b1ted by an a antagonist .more read11y

than by an az antagoant (Table 1). These effects should demonstrate
' 53

sterospecificity.

- Newman et al (1978) using who]elcé]]s and platelet‘homogenétes

calculated the K fof DA binding to be 3.1 uM based on its inhibition

D
of digydroergocryptine (DHEC) binding. Acceptance of such a .calculated

" figure pred1sposes the assumpt1on that both compounds are b1nd1ng to

the same class of site.: Lynch and Steer (1981) studying a, receptor

sitesfthrough the binding of'epinephrine and phentolamine obtained a
N g‘ . :’ .
KD,for.DA in excess of 19 uM based on its inhibition of 1tgand bindtng.



7 .-)
.‘\1//‘—-*- [
P

"~ /TABLE 1

Classification of adrenoreceptors. [Taken from

‘Scrutton and Wallis, 1981]
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TABLE 1
CLASSIFICATION OF ADRENORECEPTOkS
Sub-type Selectivity - B Agonists __Antagonists
| ._al = o | norédrénalfne phen£olamine
- \ . : adrenaline Qihyroecgbcruptine
naphazb]iﬁe _dihydroergotamine
dl > o o methoxamine phenoxybénzamine‘
| ’pﬁeny]ephring cfozapine
) , ) ~indoramin
aiqpetine, ‘
prazosin
<&F coéynanthine
WE-4101
LTI T
az >_a1 ‘ - t]onidinek yOhimbineA (
n UK-14304 rauwol scine |
o-methyl;noradrenaline
Qxyﬁetaioline
. guanabenz
R S bt e
81 = 82.; B _ isopﬁenaline proprané]ol

© oxypreno] ol

i pindolol._

alprerol ol
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TABLE 1 (cont.../)

CLA&SIFICATION OF ADRENORECEPTORSi

.

,Sub-typé Selectivity | Agonists - »Antagonisté

-Bl > 82 . _ tazolol ‘ practo]oi'
prenalterol atenol ol

metapfolo1
folaﬁolol
B >8B rsalbutamOT' - salmefamol
| metaproterenol
terbutaliné sulphate
c{enbutaro]

pirbutarol

- .



CHAPTER I1I

METHODOLOGY
" A. COLLECTION OF BLOOD

Venous blood was collected from healthy volunteers Who'had not
ingesteqrany drug one week prior‘to venipuncture.“The Blood was:
.colfected‘in 30 ml pqiycarbdnate tubés.contafnﬁng 3.0 m} of acid-
'citrate;deXtrosé (Trenchard‘et al, 1975). The bTQod’was spun at 200 29
for 5 minutes and tﬁe p]ate]ét—rich-p]asmavfPRP) removed using a

t

plastic pipette. ; - ' : : y
B. COLUMN SEPARATION

‘.The‘colpmn separafion method was“pérformed according to-Tangen
et al (1971)c A 12.5 cm x 2.5 ;m.piastic column containing Sepharose
2B (Pharchia Chemical;, Uppsal]a; Sweden) was'used to §eparate the
p]aételet;lfrbm plasma. The column was equj}}brated with either |
modified Iyrodes_soTution (NaHCO03,-11.90 m&; NaH2POg4+ 7H0,

0.36 mM; dextgose,AS.SS mM; EGIA; O.lij% ,KC]; 2;68 mM; ‘MgCl)
6H20, 0.49 mM;A NaC],‘!&S.89 mM ; pH 7.4) for uptéke'studieSjor NaC]Q
140 mM;  Tris-HCI, 10 mn: pH 7.4 for b{ndiné studies. |
. | PRP was layered onto the equilibrated column and the-platéletsb
were eluted with the buffer Qsed to équilibrate the gblumn.‘ Theispeeq
-of elution was adjusted»to 1 drop‘per 10 setonds. |

Absbnbance (260 nm) was monitored using a Uvicord model 2138

" monitor (LKB, Swedek) and the 1ight transmission recorded with a

20
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Brinkman mpdei 2543 potentiometric recorder (Brinkman Instruments,
Ontario, Canada).

-

 Platelets were collected in polycarbonate tubes and the number
of platelets determined per ml buffer using a Coulter Counter,mode} 81

(Coulter Electronics).
'C. UPTAKE EXPERIMENTS

Aliquots (200 y1 each) of pléte]etsﬂcoilected injmodifféd' 
. Tyrodes buffer were dispensed in 1.5 ml po]yphbpylene tubes. The

platelet concentration was adjusted to 1.5 - 4.0 x 108 cells per ml

7

"buffgr.

Tritium 1abe11ed ]1gand was added to the tubes at given con-
centrat1ons along w1th various inhibitors. The concentrat1on of
NH4Cl used was 10 mM un]ess otherwise stated. “Haldol was used at
concentrationslup to 10 yM.  The inhibftory Effectg of imipramine were
observed up to 15 uM.

The assay m1xture was 1ncubated a 37° C for vary1ng time
'»perkods, depend1ng on the 11igand under study. Time course exper1ménts
were conducted to determ1ne the equilibrium point of uptaké; This in;“
gubatioh period waﬁ'used throﬁghout the uptakevexperiments; Equfli-
brium was defined as the'statevat‘which’there is nd-net mpyeméntvof
1igand fnto or out of thefplateiet., Such a state is*assUmed.to be
“represented bylthe'amjne level in p]ateiets following incubation for
sufficieqt.time>with a given concentration‘of ligand.  In pract%ce, the
intraplatelet levels of S-HT'and DA were observed to’reacp a Olateéu

after 15 and 60 minutes, respectively.
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’

D. ASSAY PROCEDURES
‘Double Isotope Method

Using [14C] - inulin or [14C] - sucrose as indicators

= . ' . :
of extracelllular fluid, the amount of ligand taken up was determined. *

S

(Barbeau et al, 1975) After 1ncubatlon for the appropr1ate time.

-”period,,ice-eold [14C1-inulin (5.12 mCi/mnol) in 0.9% NaC] waS""

dispensed'in 1.0 ml quantitfes‘ﬁn eath tube to stop transport of ief

¢

‘ligand. The. tubes were then centr1fuged at 15,000 x g for 5 mlnutes

and 4° C us1ng an Eppendorf model 5412 m1crocentr1fuge. A IQU 1
aliquot of the supernatant wasuremoved to a scintillation vial to'which
was added 10.mvaquasol LI. The remainder of the SUpérnatant was
rempved_using a/25 gauge need]e and'syringe.. The platelet pelletxnas
dissolved overnight .ir 200 11 of 1% sodium dodecylsdlphate (SDS) at

room temperature. The suspension was removed to a scintillation vial

. . o o : _ - . .
and a further 200 g1 of 1% SDS used for washing the tube was. added tq

the via]

Samp]es were counted us1ng a Beckman mode] LS 230 liquid sc1n-
t111at1on counting apparatus. ‘Channel A discriminator was adJusted to
3H range and channel B d1scr1m1nator adjusted to 14c range._ The
samp]es were counted for 10 minutes on two separate occasions and

results presented as counts per m1nute (cpm).

The data was analyzed u51ng a Hew11tt Packard mode1 34-C cal-

culator using a program based'on the fo}10w1ng formula:

4 - v I3 . \ o

s
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Bp ~ Bs  Ap - aBp = cpm of radloactivity labelled amine In peflet,’

As - aBs

Wnere Ap = cpm of precipitate in channe] A, a is the ratio of the
14C counts in channel A over channel B to account for spillover,
Ag = cpm of supennatant in channel A, and Bp and Bs represent cpm of
preﬁipitate and supernatant, respectively in channel B. ‘This'formula
calaulatés ?he amount of intracellular lfgand by estfmatingithe amount
of extfacejlular ffuid couhts and éﬁbtracting it from the total counts.
. The specific attiVity of the ligand was used to determine the quantity
of‘lfgand taken'up'in nmofs per unit sample volume.

Th1s method proved to be extremely accurate. Howevef, the
inulin and sucrose were prone to bacterial degradat1on. This could, at

tvmes, produce erroneous resu]ts.

GLASS FILTER METHOD

1
» .

A modified method of Newman- et al (1977) was tested to see ff
it‘is.suitable forn%ssays of amine uptake in platelets asfwell as amine
- binding to pla;elet membranes. After incubation nf the platelet
suSpension for fhe appropniate'peridd of timé, the tubes”werevremoved
to ice and 1.0 ml of icecbid 0.9% saline added. The tubes were
vor o smand and the mixture filtered throUgh whatmann}GF/C or GF/A glass
fit “iitesw. There was no’apprecianie difference inﬁthé results

f ween these two f11ters. The maJor d1fference was the extenua

~

org” A‘nd binding to the fllter itself. In all cases this background

b1nd1ng was ca]culated and taken into account in ‘the final analys1s
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The tube was rinsed once with ice-cold isotonic saline and the
filter washed further with 154 ml of ice-cold NaCl.

The filters were allowed to dry at room temﬁerature and placed
in scintillat{on vials with 0.5 ml Protosol. The vials were heated;to
60°C for 30 minutes in a shaking water bath. They were then allowed to

: 14
cool after which 50 ul glacial acetic acid was added to bring the mix-

ture to neutrality. Econoflour (lohl) waS]added to each vial. and
allowed to equilibrate.for 1 hour.. The vials were then counted for 10
minutes in the tritium rahge and the results converted to pmols per
108 cells. B

-

CENTRIFUGE AND SWAB TECHNIQUE

The gless fiber fi]ter method proved 1naccurate for the 5-HT
uptake exper1ments due to the extensive washlng procedure. The \;>
followwng method for est1mat1on of 5-HT incorporation was emp]oyed
(Solomon et al’, 1970): The incubation period for 5-HT uptake was
limited to 15lm1nu§es. After 15 minutes incubatien,_tﬁe uptake
levelled'Off: [ce-cold isotonic Saline (1.0 mi) was added to each tube
tube. The tubes were plaeedcin ice end‘the samples centrifuged atv;
15,000 x g for 5 minutea‘jn a 4°C cold Epom. The sUpefnatant was drawﬁ"
* off through a. 25 gaugeﬁggedle. The tubes were then swabbed dry. The
suspension was then t(ansferred to sc1nt11lat1on vials. ~The tubes were

N .
washed with 30 y1 SDS f% and 10 ml Aquasol II added to each vial.

!

The vials were counted for 10 minutes in the tritium range and results

 expressed as nmol /108 cells.



E. MAQ EFFECT ON DA STORAGE

The degree of DA degradatidn was determined by employing thin

' layer chromatography (TLC)'techniques. The time of iﬁcubation for DA
uptake measurements did not exceed 80 minutes. Therefore, the
platelets wére incubated with tritium labelled DA for 80 minutes in
this experiment. The cells were then lysed and a 511 sample spotted
onto LK5 silica gel, (Terochem laboratories, Edmonton). 'The following
solvent system was used to determine the purity of the freed ligand:
n-butanol: water: glacial acetic aéid (12:5:3). Spqt migration was
observed under ultravoilet light in reference to samples of hot and
cold DA. The path which the eluted spot traveled was divided into 1 cm
sections and scraped into scintillation vials to whicﬁ were added 10 ml
Aquasol I1I. The purity o% the ligand was'expreSSed as percent cpm

eluted spot in relation to the total count of the track..
F. MEMBRANE ISOLATION

Platelets, sﬁspended in Tyrodes .buffer wére groieﬁ overnight at
-20°cC. Thg frozen platelets were then thawed at room temperature.

Sevéra]’diffefenf methods Were evaluated in the production of
an isolated meﬁbrane ffaction. The membrane yield was estimated by
measuring the amount of protein recovered in the-mémbrane fraction from
3.0 x 109 platelets. The yields rahged from 60 ug/ml to 310 ug/ml.

The nitrogen bomb method produced the highest yield.
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POLYTRON METHOD
b

This method is a modification of the method presented by Bruns
et al (1980) and is as follows: After thawing the platelet Su;pension,
the cells were centrifuged down at 5,000 x g for 10 minutes and”
resuspended in Tris buffer. The cells were then subjected to maximum
power Polytron treatment for 30 seconds. The resulting suspension was
centrifuged at Z,UOU X g to remove whole cells, the supernatant saved
and the precipitate sbbjected to further polytron treatment. The
pooled supernatants were then centrifuged at 9,000 x g in a Beckman
model L3-50 ultracentrifuge using a 65 rotor for 15 minutes. This step
removed whole cells and subcellular organelles. The supernatant was
then centrifuged at 40,000 x g for 30 ﬁiéutes to collect the membrane

W

fraction.
GLYCEROL SHOCK TREATMENT

Using the method of Barber and Jamieson (1970) the platelet
. . “a, . ) y

.suspension was subjected to the regimen outlined in figure 1. Al-

though this method resulted in very -pure preparations of membrane, the

amount of membrane recovered was l-ow.

'NITROGEN BOMB TREATMENT

This method of membrane isolation was originally described by

*

Weglick et al (1980) 7nvolving the isolation of cardiac sarcolemma.’

Columnjyashed platelets, frozen overnight at -20°Cswere thawed at room

-



“Figure 1

Regimen for membrane isolation %§
the glycérol shock treatment of

“ Barber and Jamieson (1970)
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Mlatelet Suspension
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Supernatant 1) 5,000 x g, 10 min, 47 {
1) suspend an 1.0 mM EDTA, LU oM
Tris-HCE (pH 7.4, 140 mM Natl
111) wash twice
o
A - \
Supernatant Washed Platelets
i) layer on 0-40% 1s0tomc glycerol
1) 1465 x 4, 30 min, 47
111) 5860 x g, 10 min, 4°
N — _— -
Supernatant Glycerol Loaded Platelets
i) lyse by addition of 10 mM Tris.
HC1 (pH 7.4)/0.25 M sucrose
ii1) layer on density 1.106 sucrose
it1) 63,500 x g, 3-5 hrs., 47 ¢
, e
Soluble Proteins Interface Pellet
Platelet Membrane
, 4 R,
Supernatant 1) dilute with Tris-HC)/sutrose
1) 105,000 x g, 1 hr., 4° C
: . S

Supernatant Membrane “eliet



temperalure.  The resulting platelet surpenstlon was subile ted L RRL LT
pounds per square Inch {(pst) nitiogen yas in 2 nilrogen Dol appaistus
(Fare Instrument Company, 111inais), Altuming MO minutes fur maslowm
nitrogen péneteation, the suspenstion was teleased Trto 10 o telfa v
sadbum pysophosphate fpH .',ﬂ:‘, AL uum ltemperature. This suspensian was
then centrifaged ot A0 000 o 4 For 0 mingtfes to pellel the memb ane

pottion of The tysate, This Pyvale wan washed b ime. with ' apM Tedy

buffer.  The membrane suspension was fegren 4t 1 deernight Toe e

the nest day,
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Hradrent a7 BT/ T OTY and pun wt B 00 w0y Tor D0 mingtes,  the

membrane contartning layer was collectet gt tnterface and suspented
s TUAT Percol b and spun ot T9000 w3 tar M omingt e cesulting tn g

1
VTR

dJeneral 1ng cont ingog., deny ity Jradtrent,
Fractrans (100 1) were cnliacted and oubine tedvto hinding e

perima oy,

Tho tyme reguitrest o remiiye the Perooll feom the membirang

.

Tayers proved extremely SRty thereture Thy G method wan abandoned

- ' , M 1 B B * 1] . 1
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140 mM NaCL;_iO mM Tris HC1 (pH 7;4); 1 mM EDTA; and the. flow rate’
- adjusted to 1 drop/10 seéonds.'\Fraétions}of 100 1 . were collected and

the absorbance (260 nm). monitored.

" G. PROTEIN DETERMINATION

. Prote1n was - determ1ned using amido black as an indicator. To
TOO pl of sample 1% SDS was added to a final concentration of 0 1% and
1ncubated for 10 m1nutes. Tr1chloroa;et1c acid (TCA) was then added to
a final concentration of 15% for ‘more than two minuies. —Thé sample was

_filtered through.Millipore HAWP 0.45 um filters and washéd with 3 ml of
‘G%UTCAE"Thé filters were removed to a beaker coﬁtainingio.l%‘amidd |
black in methanol : Q]a;ial'acetic‘acid: ‘water (90:2:8fv61Ume‘%). De-
stained filters were washed‘l—Z mfnutes'in distilled water thenbblotted

. dny‘on‘fi]ter péper. The pfotefﬁ-dye complex Qas theh extracted from
the f11ters w1th 2-3 m]s of 25 mM NaOH 0.05 mM ethy]ened1am1netetra—
acetic acid (EDTA) in 50% aqueousvethanol until all‘color was}rgmoved.

Optical‘densiﬂy was determined at 630 nm. Bovine serum albumin was

used as the protein standard.

H. BINDING ASSAY “ ®
Binding assays were perfofmed accordingvto'Newmann et al
‘(1977) Membrane protein concentrations were adjusted to approx1mate1y
300 ng/ml, us1ng 75 miM Trise HCL (pH 7. 4) lSample volumes of 1UO pl

were d1spensed into 1.5 ml po]yprop]y]ene tubes to whith was added

o~



£

4
"

éarying concentrations of 1igand. A%ter,an_apprqpriate incubation
period thg'samp]es were di]uggd.Withaice-cold isotonic saline and
fi]tered"through whatmann GF/C filters. The membrancce§ wére‘washed'
with 15 ml of ice- -cold 0 9% NaCl and allowed to air dry. The fi]ters

were then placed in sc1nt111at1onv1als conta1n1ng 0.5 ml Protosol and
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heated to 60°C for 30 min in a shaklng water bath.” After ‘cooling 50u 1

Al

of glacial accet1c ‘acid was added to neutra11ze the so]ut1on. The ' -

xﬂxfs were,then filled with 10 m) Econof]our and allowed to eqpi]ibrate

for 1 hour. Counts were expressed as femtomoles (fmols) bound per

mil]jgramvp}otein. Specific binding was defined as that-which cdu]d'bé

displaced by greater than 100 x the or1g1na1 ligand concentratlon.
Binding data were analyzed fol]ow1ng the method of Scatchard

(1949) and Hill (1913). C : T °
I. MATERIALS. B S \

[3H]-DA (40'C1/hmol) and [3H]-5-HT.(16.6 Ci/mmd]) weré"pur-
chased from'Amergham Radipchémica]_Centre. Ha]operidql waé obta{ned
frog McNeil Léborétories (Canadé). ‘Imipramine was purchased froh éigma
Chemicals. All 6ther materials were of the_highest purity commerc?a]]y

available.



CHAPTER IV
RESULTS

'A. UPTAKE EXPERIMENTS

Waéhed blateietslwere chbben for the uptake experiments to pro-
- vide a uniform environment in which to observe the incorporation of
Iigandf This apbroach, we'felt,,woufd minimibe varuation among.
volunteers revea]ed by eatlier researchers. J
The cho1ce of buffers ut111zed to elute the platelets is
extremely 1mportant, Platelet5~e1uted with NaC]/Tr1s buffer show
, abnorﬁa]]y high uptake of DA. This could possibly be caused by an -
ilmba]ance in the ion grad1ents across the membrane. To test th)s -
possibility potass1um was added«tb the.1ncubat10n medium in 1ntreasing .
concentratious and its effect on dccumu1ation monitored. F1gure 2
shows that 1ncreas1ng concentrat1ons of potassium 1on, up to’ 1ev€15—
o found -in the plasma,‘decrease 1ncorporat1on. We see, also, that
’ ammonium ch10r1de exerts | uniform effect over the concengrat1on range
descr1bed. The ammonium chloride effect will be considered in further
~detail in subsequent Sections. Modiffed Tyroqes buffer waf used
; throughout the uptake experimehts since it pnbduced uptake values
similar to bhose obtained by platelets in pTasmq. o
Figure 3 Shows‘tbé'e]ution pattern of platelets. A qoderate
separation was achieved when 15 ml of PRP was layered onto the

Sepharose cblumﬁ.‘ The platelet sample was collected between the two
arrows on the graph. This was done to minimize mixing of, cells and
plasma proteins.

32



Figure 2
Potassium ion effect on DA uptaKe. Increasing concentrations of K*
were added in the presence and absemce of NH4C1 (10mM) and the amount
Vof~DA accumuiation determiﬁed.‘[DA] = 22.7 uM. Uptake conditions as
outlined in procedure sectijon.

( ® ) uptake without NHqC1; (' A ) uptake with NHg4Cl
( @ ) uptake with NHgCl subtracted from uptake without NH4Cl

Points represent the mean ofvtrip\iCate samples from one'experiment.
L ] i - :
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Figure 3
s . ’ &
Separation of platelets from plasma. Cells were separated on a "
Sepharose 2B column as outlined in the Methodology section.' The arrows
indicdte the region in which the cells were collected. Trahsmfssion

was monitored at 260 nm.’
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]

The speed of elution was important fof several reaﬁons;
Firstly, if the travel time in the column is too long, platelets are
~likely to degranulate thus chang1ng their 1nterna1 makeup and
influencing other cells’ 1n1the v1nc1n1ty,v If the speed of elution is
too rapid, inadeeuate'sepa;qtion of platelets end plasma proteins is
realfzed. P]ate]ets_often undergo shape change and extrusion ef.
Qranu1ar contents with fapid bassage‘through the co}uhn;

The time of elution deﬁonstrated on the tracing proved ;o be
the most acceptable in that p]atelet activation was minimized. Samples
exam1ned under phase contrast mlcroscopy indicated 1ittle platelet
. excitation.

' The degree of plateltt exc1tat10n can also be demonsfFEféd by
preloading the platelets in plasma with tritium labelled 5- HT The
cpm/108-cells, post elution, is then-compared to ce]]s loaded for. the
same pefiod of‘tfme in plasma. .This method evidenced the same
quaiftative results as the micfoscopic,technique but proved time
consuming and costly.

The degree of act1vat1on of the plate]et was. mon]tored us1ng
phase contrast and f}ourescence microscopy. Skaer et a] (1981) report-
ed the use of mepacijne, an antimalarial drug, to'specifica]ly‘]abe1ﬁ
dense granules of platelets. These granu1es are eesi]y observed pnder
flourescence microscopy. Mepacrine.(lllM) allows one to determfne
-the extent of activationAby.observing the relati?e number of granu]eé

per field before and after passage through the Sepharose'column.
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A time course for the'uptake efQDA was obtained to determine
the incUbation perﬂbd.required to reach a state of'equilibriﬁm As
indicated in the mater1als and methods section the equ1l1br1um state
was. def1ned as that -at which there was no net movement of . 11gand into =
or out of the cell. F1gure 4 illustrates the time needed fqr uptake to’
reach equiiibrium at a fixed concentratiOn of 1i§ahd.

As demonStrated in figure 4, the:equiiibratibn.time for DA is
approximate]y 60 minutes qt'37°C. This 1s,in'gooq agreement with times
determined by previous reseerchers (Solomon et al, 1970; BoulTin and
O‘Brien,l1970). 5-HT is rabidly taken up having an equilibration time
of approximately-15 minutes (Boul]fn and O‘Brien;.1970 Gaetano, 1977).

Due to the relatively high concentrat1on of MAO in the human

"-platelet the p0551b111ty exists that DA is broken down over a 1ong

incubation period' The extent of DA breakdown was assessed using th1n
_ 1ayer chromatography. Platelets incubated with tritium 1abe11ed DA for
1 hour were lysed using the Poiytron The. debris’was sedimented at'
40'000 x'g for 20 minutes. buhernatant from the 40,000 x g spin was -~
used to determ1ne the extent of metabolic breakdown of this catecho]—ﬂ
amine. After bU,m1nutes 1ncubat1on, greater than 95% of the total
radioactivity of the spot track was located in the spot identified

under ultraviolet light. TRe Rf vélqe of the spot corresponded to that

of labelled and unlabelled DA.



Figure 4
Time course of DA uptake. Column wasﬁed platelets were incubated at
37°C with tritium labelled DA. .At the indicated time intervals 200} L
a]iguots of ﬁhe>ce11 suspension were removed to 1 ml of ice~co]d’NaC1
énd assayed for ﬁtored ligand as outlined in the Methodology section.
Each poiﬁt represents the meah of triplicate séhp]es from one représén-

tative experiment. The initial concentration of DA was 0.10 mM.
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The accumulation of the amines over a given concentration range
was then examined. In an attempt to determine whether or not DA and
5-HT were»incorporated via a pH gradient and/or monovalent cation
dependent gradient, the effects of MigLl were tested (figures 5 and
6). Additfon of 10 mM NH4Cl prior to the addition of labelled DA
resulted in a linear DA concentration dependence of uptake (r = 0.97).
Higher concentrations of NHaCl did not alter the uptake curve.
Addition of ammonium chloride post incubation released accumulated
amine. The internal level 6f amine dropped to that observed wﬁen
NHqC1 Was added'pre-incubation. Thus, it would appear thaﬁ an ion
gradient is necesSary to maintain accumulated aﬁine.

Uptake of 5-HT, oﬁ the other hand, evidences a cemponent which
is insensitive to émmonium chloride. As depicted in figure 6 ammonium
chloride produced essentially no effect up to approximately 20 uM 5-HT,
above which the uptake was inhibited linearly with concentration. It
is possible that the 5-HT uptake observed at the ]ower cbncentrations
could be produced by binding of 5-HT to the cell. In an attempt to
vc]arify the matter; the effect of NH4C1 on 5-HT binding Qas deter-
mined (data not shown). ~Ammonium chloride had no effect on ligand
vbinding. :

since the‘acCuhufation of both amines was affected by the
presence of ammonium chloride, transport inhibitors were employed to
see whether DA and 5-HT traversed the plasma membrane by way of the

same carrier.



=<

Figure 5

Ammonium chloride effect on DA uptake. Platelets were incubated | hour
at 37°C with radiolabelled DA and assayed as to the extent ot DA
uptake. NH4Cl (1OmM) was added either during or post (2 minutes)

incubation and the amount of incorporated DA assessed. ( €§ ) uptake ‘ \

without NH4C1 5 ( O ) uptake with NH4Cl. Each point représents

thevmean of three experiments with triplicate samples.

. i
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-~ Figure 6

[a]
“

Effect ofLNH4Cl on 5-HT uptake. NH4C1F(£de) was added either
dufing oripost.(2 Tin)Jincﬁbation t6‘100111 aliquots of ce]l‘suspension
and tritiated §-HTk;f 37°C. The amount of incorporated,5-HT was
fa]culated‘and expfessed as*nmoTs/lO8 ce]l;._ '

( ® ) uptake withou; NH4C1; (v:() ) upfake wfth NH4Cf E

Each point represents the mean of.fou; experiments withbtriplicaté

samples.
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Imipfamine,has been shdwn to be a sbecific tfansport inhibitor
for 5-HT'(Rudnick et al, 1930). ,Fidure 7 demonstrates the effect of
!I.SipM %mipramine on the uptake of 5-HT dver the given concentration. -

range. Under the influedcaxoflimibramine, the 5-~HT uptaké’]eVeT
“increased linearly.. whed NH4C1 (10.mM) was added to, the incubation
m1xture in the presence of 1m1pram1ne, there was no further re]ease Qf
accumul ated l1gand. : : E | N R
Imipramine (1.5 pM) was then tested as to its inf]uence on DA
accumuTation, Figufe 8}depicts dobahine uptake in the presence and
absence of imipramine, A]thodgh afféc;ed to some degree, the presence

L : o
~ tion of ammonium chloride produced j

ibition of accumulation in the
pkesence of imipfamine (daté, wn').  Thus, although DA is influ-

1. = ' f .
enced to some extent by & of this tricyclic antidepressant,

haldol to have a pronounCed effect (Solomon et al, 1970). Figure 9

shows the effect of 10 uM haldol on the accumulation of DA. Greater

46

df}imfpﬁhmine proved to be a small'impediment to ligand uptaké. ‘Addi -

~than 90% of uptake is inhibited over the DA concentration range tested.

“Increasing the concentration of haldol showed little change in its
rieffect. As figure 10 illustrates, the consequence of added haldol
(10 uM) on 5-HT-accumulation was not as pronOUnCed as on DA accumula-

tion.



Figure 7
v o . - ‘ M .
. Effect of imipramine on 5-HT uptake. Uptake of 5-HT-was determined in
- the presence ( O ) and absence ( @ ) of 1.5 uM imipramine. Each

point represents the mean of triplicate samples from one representative

experiment. Each point representé the uptake at equilibrium as defi.ned

’
’

previously.
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Figure 8

Effect of imipramihe on DA uptake.v Uptake of DA was determined in the
ﬁresencev ( 'Q | ) ahd absence ( :'o ) of 1.5 gM imipramine. Each point

- represents the mean of triplicate samples‘from onevfepreséhtative
éxberiment. Each point Eepresents the upEake at equilibrium as defined

i

previously.
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Figure 9
. ‘

4

Effect of haldol on DA uptake. DA uptake Qas quantitated bver the
concentration range given in the presence ( O ) and absence (@ )
of 10'uM haldo].' Each point }epreSehts the mean of triplicate samples

from one representative experiment.
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Figure 10

Effect of haldol on 5-HT uptake. 5-HT uptake was determined over the
concentration range in the presence ( © ) and absence ( @ ) of
10 uM haldol. Points represent the mean of triplicte samples from one

representative experiment.
- ) 7
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To clarify the influence haldol has on the uptake of DA and
5-HT a study was undertaken comparing the inhibitory effect of varying
concentrations of haldol on the accumulation at a fixed amount of
amine. Figure 11 shows DA and 5-HT taken-up in the presence of variou§
haldol concentrations. From this graph it is clear that haldol is a
far better inhibitor of DA uptake, demonstrating an apparent K1 of
approximately 180 nM, It éppears that a 200 fold higher concentration
of haldol is needed to inhibit 5-HT to the same extent. A similar plot
- of the effect of imipramine on DA and 5-HT uptake (figure 12) reveals
results which do not conform to a simple competative iﬁhibition model .
fhis may be due to the multiple low affinity binding sites known to
exist for 5-HT. However, it is clear that imipramine is a-much better

1nhib§§%£.of 5-HT uptake than DA uptake.

W‘m

s

R
B. BINDING STUDIES

The platelet lysate obtained using the nitrogen bomb or poly-
tron methods was fractionated usihg a D§AE Sephacnyf column (14 x 1.2
cm). The different fractions obtained were tested for their binding
ability to dihydroergocryptine (DHEC), an o-adrenergic agonist. Figure
13 shows a pattern of lysate elution from the column. The collected
fractions were then subjected to binding analysis and expressed as
cpm/mg protein (Figure 14). As seen in this figure, the highest bind-
ing per unit protein was Seen with ﬁhe fractions that were eluted in

the latter half of the procedure.



Figure 11

Percent amine taken-up versus the log haldol concentration. Uptake ot
DA ( @ ) and 5-HT ( © ) were determined in the presence ot varying
concentrations of haldol and expressed as a percentage of uptake in the

absence of haldol. Points represent the mean of triplicate samples.
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“+Figure 12 - . ’ g

Percent amine acccumulated versus the 109 1m1pram1ne concentrat1on.
Uptake of DA ( ()tT) and 5- HT ( ® ) was/determ1ned 1qpthe presence of
: v}ary1ng concentrat1ons of 1m1pram1ne and‘expressed ‘as a percentage of
uptake in the absence of exogenods imipramine. Points represent the

‘mean. of dup11cate samp]es.
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'Figure{13v

Fractionation of platelet lysate. Platelet lysate (1 X 108 celfs) |
was layered onto a DEAE éephacryl column (1.2 cm X 14 cm) and eTuted
with 140 mM NaCl; 10 mM Tris-HC1 (pH 7.4); 1 mM EDTA buffer. The

" _absorbance (260 nM) was monitored and a trace, of % absokbance versus

time produced. Flow rate was 'l drop/10 sec. Full scale deflection was
: - . e

equivalent to 2 optical density units, :

\.
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Figureﬂ14

Binding of DHEC to fractionated lysate. Fractions (100 1) ébliec;ed‘
from 1ysate indicated in figure 13 were subjected to DHEC binding

(5nM). Results were expressed as cpm/mg protein.
\ ;

\
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‘Although this method provides reliab]e results, the task of
determining constants would be extremely cumbersome. A large amount of
starting mater%a] is needed, not to_mentiqn the bremendous consumption
of time. A centrifugation tecnnique was, therefore, used»to;iso]ate
the membrane fraction for binding studies.

| A representative diagram of the membrane isolation procedure is
‘presented‘in figure 15. bogstad (1980) indicated the density of plat-
let membranes to be in the range of 1. 095 1.100. Density marker beads
(Pharmac1a, Sweden) for Percoll grad1ents were utilized totdetermine
the relative position of the membrane band. The gradient was then
fractionated to 1solate the membranes.

B1nd1ng studies using tritiated DHEC were attempted on this
band. It was diffitu]t-to completely remove the Percoll beads from the
isolated membrane layer. The presence of‘Percoll 1nterfered with the
’determ1nat1on of prote1n’by the amido black method. To remove all
traces of Percoll, ‘the membrane layer had to be centrifuged at
100,000 x.g for 1 hour. | |

In an attempt to characterize the membrane binding af DA, a
crude membrane preparation was obtained by a differential centrifuga-
tibnrtechnique. The precipitate obtained from the 40,000 x g spin was
used as a crude membrane preparation. The usenofvthe nitrogen bomb
procedure proved the most efficient. ’FiQUre 16 shows the time eourse \

of binding at 45 nM DA. The binding .was conducted at room temperature.



Figure 15
Protocol for membrance jsolétion in a Percoll gradient. 3 X 10°
plqtelets weré lysed via the nitrogen bomb method and layefed onto a
Percoll s;ép gradient (67.5%/73.0%) andfspun at 79,000 x g for 20
minutes. Tﬁe membrane containing layer was collected from the inter-
face and layered for the seéond time onto a 67.5% solution of Percoll.
Thi§ sel f genérating\confinuous density gradiént produced bands of - . ._.
varying density when spun at 100;600 x g for 15 minutes. Den§ity
mafker beads were uti]fied to {dentify the membrane band. Percoll
was removed ffom membranes by spinning at 100,000 x g for 60 minutes.

Membranes were removed from the Percoll button formed at the bottom of

the tube by gentle aspiration.



PLATELET LYSATE

STEP GRADIENT (67.5/73.0%)

79,000 x g; 20 min

v |

SELF-GENERATING GRADIENT (67.5%)

100,000 x g; 15 min

‘ v
FRACTIONATE AND

COLLECT MEMBRANES

SEPARATE MEMBRANE FROM PERCOLL

100,000 x g5 1 hr
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Figure 16

Time course foerA binding to membranes. Membranes isolated Using the
nitrogen bomb/differential centrifugation techniques in 100 ;1 aliquots
(300 mg/m! protein) were incubated with 45 ng DA over the time period
indicated. .The graph illustrates specifically bolnd 1jgand which was

calculated as the amount of bound radiolabellied DA displaced by 1 M

unl abelled DA.
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As. shown in the figure, the binding reaction appeared to be slow,
reaching saturation levels in approximately 40 minutes.

Using this incubation time to achieve saturation, a binding
curve was calculated (figure 1/7). There 1s an extremely high degree of
nonspeci fic binding which was 1inear over the concentration range
studied (r = 0.99). Subtraction of the nonspecitic binding from the
total amount of DA bound per mg protein produces a curve ot specific
binding (figure 18).

Scatchérd analysis of this binding revealed a straight line
(r = 0.89) indicating a single class of binding site and no cooperativ-
ity (figure 19). The intersection of the line at the ordinate indi-
cated a Byax of approximately 39 fmofs/mg protein with a Kp of
184 nM. Further analysis by the method of Hill (figure 20) produced a
straight line (r = 0.99) with a slope of 1.03, consistent with first

order mass action binding.



}liiurt,‘ 1/
W
Binding of tritiated DA to crude membrane preparation. Binding in the
absence ( @ ) and presence ( < } of 10uM unlabelled DA was
determined over the concentration range given, Etach point representsd

5
the mean of triplicate samples from one representative experiment.
. [ 4

8"
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Figure 18 ?

‘Specific bind%ng of Tabe]led.prgo crude membranes. The curve was
\obtgihed by subtraction'of the nonspecific bindinﬁ;curve‘from the‘toté]

Ebfndingl;unyé in figurevl7, Each point represents -the mean,vafuesui )
standard deviation from three experiments in triplicate. "

¢



73

"N

e

400

200

30.0

L
O
—— - O

10.0 -

m,h.,mgQ 6w [ Jowy

..b,t:om. Al mo.c.som ds va

500

300

nM DA

100



Figure 19
Scatchard analySis’of binding. Each point represents. the mean of
triplicate samples from one representat1ve exper1ment. The 11ne
d1splays a correlation of 0 89 with an apparent Kp of 184 nM and 39
max.

fmols/mg,prote1n B B fmols spec1f1cal]y bound DA F =
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Figure 20

"~ HiN analysis of binding. Analysis of the data USing the Hill method

revealed a slope of 1.03 (r = 0.99). Each point represeqts the mean of

. - . . . . o :
triplicate samples from one experiment. B =°fm015';ggcif@§ally bound

DA/~mg'pr6tein; Brax © maximum number of binding_sités calcul ated

LN . LY



77

3.0.

1




CHAPTER V

DISCUSSION ~

‘Previous studies U*‘DA and 5-HT uptake by platelets, as briefly

reviewed in Ghapter 11 Have described various aspects of the rate and

¥ %
Hb

the- equi]ﬁbr1um state of the process of amine accumulatlon. Although

IR
iy .

1)
.the rate and equ1}vbr1um measurements provide useful 1nformat1on, each

has it own limitations whlch must be reé%gn1zed%x»f

(,A.\
i, A

s

The uptake of DA and 5 HT can be regarded as cons1st1ng of a
passive tomponent and an energy dependent component (Sneddon, 1973;

‘ <,

Gordon and leerman,-1978).‘ The identification of these two - uptake -
processes has proved difficult in practice. Gordon et al (1977) '
reported that the uptake rate measured‘withan short incubation times
((“10 seconds);at low 5-HT concentration (< 10 uM) represents the )
energy requfring process. The authors also point out that .at ﬁA con-
centrations below the ]evel required to saturate the.energy-dependent
process, passwe d1f£1wtr1butes significantly to the total
uptake. , b :

At a state of uptakegequiltbrium,‘contributions'of'the passive
ahd energy dependen&hqpmponents to the total ~amount of amine accumu—v'
lated are d1st1nct The energy dependent COmponent of uptake is est1-'
mated by subtract1ng the passive uptake measured in the presence of ‘
.y:nh1b1tors of the energy dependent proc%ss from the total.uptake. This
introduces a source of error in the measurement.v The uptake values
reported in this study were measured at the'state.of uptake;equilibrium

" (as defined ini.the methods section). Unlike the rate determination
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which must be done at the steady state, the eduilibrium sﬁate could be
attained without strict time limitations. As shown in the reéults,
characteristic responses of‘uptake to the inhibitors is demonstrated by
the levels of accumulated amines at gqui\ibrium.

Figures 5 and 6 show that addition of ammonium chloride to
platelets in buffer solution causes efflux of acqumUleled amine, This
phenomenon is obsehved whether ammonium chloride is added pre ‘or post
incubation. Such results are slmllar to those obta%ﬁea E! Ingebretsen |
and Flatmark (1979) withfchroma?f1?<gnahules of. adrenal mediM a. It is
”be11eved tzﬁt the - presence “of amm;nlum ion fac111tates ,Lhe loss of. in-

ternal protons, thus, dissipating the pH gradient qubpkl and Crafts,
1965). The excess extracellular ammonium 1on,dr1ves ammonium ions
aross the membrenef‘”The‘hydfogen jons exit across the membrane concom-
itant with the influx of ammonium ion. ‘ ' |

Drummond and Gofddn (1975) reported evidence@for three 5-HT
binding sites in rat platelets. These researchers'attributed transport
td ahmiddle affinity site. TheyearriJgd et a figure of approximately
706 nM for a dissociation constant forufhis site. 'These researcﬁers
- also presenfed evidence for a third class of binding site of very low
affinity (Kz = 2iM).  In human p1ete[ets,‘the th{rdeclass of binding
site has not been_eetected (Boullin et al, 1977). Previous kinetic
enalysiS'of 5-HT uptake indicated a Michaeiis congtant (km) of approxi-
mately 1 uM (Gordon and 01 verman, 1978).. From these estimates,}the‘
ammonium chloride insensitive portion of the curve may:be;dUe to bgnd-'

ing, The observation that ammonium chloride has no effechon binding

supports this idea. However, we cannot rule ‘out the possibility ofa
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sodium ion gradient (out > in) contributing to uptake. Ammonithehlor-
ide should collapse such an ion gradient. This point still remaigi
obscure.
Acceﬁeg;g the ideﬂ_that DA and 5-HT are partly accumulated by
~an energy dependent process, we must then“!ttermine if they are taken-
up by the same mechanism. Experimental evidence points to the exis-
tence of a carrier for 5-HT upteke (Sneddon, 1973). This carriér,
associated with the dgﬁer membrane, is sensitive to the tricyclic anti-
,ee%ressant imipreg}ée,ebut not sensitive to reserpine (Rudnick, 1977).
Imipramine‘éompeteg}with 5-HT at its middle affinity transport site .
(Drummond, 1976). Previous researchers postulated that should PA be
. taken up b; an 8nergy dependent process, or eVen chilitated diffusion,
it would be mediated by the 5-HT carrier_(Sneddon, 1973). Considering
the evidence presented in figures 7 and 8, this may partly be the cése.
Imipramine is far more effective in b]ocking S-HT uptake. DA uptake is
inhibited approiimate]y 15% by‘fmipramine while 54HT'uptake is inhib-
ited in excess of 30%. o
Haldol, a DA antagonist (Creese et al, 1981) also displays dif-
ferential inhibitory effects for the incerporafion of these two mono-
amines. The concentrations of haTdel required to produce 50% inhibi-
\ ;

tion of up€:ke for DA and'S-HT are-0.18 and 5.60 ﬁﬁ:ﬂ;espective]y ;
(figure 11). Thus, hal dol is -approximately 30 foid more petent in
blocking DA uptake as‘eempared to 5-HT uptake. - These results tend to
concdr with obeervations by past reeearchers. Trenchard»et al (1975)

using trigyclic transport inhibitors showed that DA uptake was not

affected'to the same extent as 5-HT uptake, Airaksinen et al- (1980)

Y
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reported that modifications of functional group side chains on B-carbo-
iines altered the inhibitor characteristics. The degree and specific-
ity of inhibition was dependent upon the functional group alteration.
Thds, depending on themgroup modification, an agent was found to in-
hibit DA and 5-HT uptdke to different extents.

Earlier work by Boullin and 0-Brien (1970) and Yamaguchi et al

‘(1972) indicated that the totél amount of DA accumulated over a
90-mihute incubatjon period was abnorﬁally low in platelets from
Parkinsonian patients while the total émountféﬁ S;HT t#ken up rem(}néd
'the same. Thése obéervat?bns point to the possibility fhat,the uptake
mechanisms for DA and 5-HT in platelets are altered to different ex-
tents ‘in Parkinson's disease. However, it is not clear whether the
uptake mechan1sm is altered or that some other factors specific to DA
. accumulat1?ﬂmare affected. | u

Gordon ar’d 01verman’ (1978) reported that DA inhibited 5-HT up-
take and vice versa. The inhibition constants reported correlated well
with their respeciive Km's'for uptake.“The authors suggested that DA
uptake is mediated by the carrier responsible for 5-HT uptake.

The binding of 2ﬁ to platelet membranes revealed a Kp of 184
nM with approximatelyv39 fmol /mg protein binding sites. The extremely
low number of binding sites makes it very éifficult to detérmine; with
great accuracy, the binding character1st1cs of DA to Ehe crude membrane\
preparatlon. In fact, Tsa1 and\Lefkow1tz (1978) suggested that very

'low affinity b1nd1ng sites are d1ff1c0‘t to 1dent1fy s1nce spec1f1cal Y

bound 11gand is likely to be removed dur1ng the wash1ng procedure If
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such is the case, the number of binding sites estimated by our study
may fall short of the actual value.
This DA binding site does not appear to correspond to that
found 1n the brain. The DA agonist DHEC has a Ky of approximately
2nM (Newman et al, 1978). Preliminary studies indicated that DHEC in-
hibits DA accumulation (data not shown). DHEC does not, however, have
’&he pdtency that haldol has for inhibition of DA uptake. [f we assume
the site identified for DA binding is involved in the movement of UA
across the platelet membrane, several lines of evidence fall into
“place. The relatively long equilibration period for DA uptakg in com-
parison to that of 5-HT may be due to the difference in the number of
binding sites for each ligand per cell. Preliminary studies for the
binding of haldo]‘;o platelet membranes indicated é‘binding constant in
thé;low uﬁ range. This may explain the ability of haldol to abolish
§Fé§tér’tﬁéh“30% of DA accumulation. Haldol not only blocks DA uptake
but also prevents the aggregatory response of £he platelet to LA
(Boullin et ail, 1578). This is of interéfi since it lends credence to

the possibility that haldol acts at the DA binding site purpofted by
our binding studies.a

i Boullin et al (1978) indicated that neither haldol hor DA have
binding sites on the b]atelet'membrane. Their cOnclusians appear to be
questionab]e on the fol]owing grounds: Bjnfing experiments were car-
’ried out in PRP, resulting in high ndnspecific binding. This is likely -
attributable to binding of lfgand to pl&smavprqteihs. These authors
measured the DA binding at concentrations up to 200 .uM incubation fof‘3

minutes at 0°C. Figure 19 shows an approximate Kp of 184 nM. Since c__;_,/



oniy & points were plotted in their study, the cbncentrat;on ranye
appears too wide to facilijtate proper analysis of a ligand-receptor
interaction. Their experiments did indicate that haldol reduces the
number gf 5-HT binding sites, Thus, it is possible that haldol affects
5-HT and DA uptake by interfering with the binding ot ligand to its
respective carrier. It would seem from the data at hand that haldol
has a higﬁer affinity for the DA site than that of 5-HT.

In summary, the experimental evidence presentéd herein indi-
cated that ammonium chloride suppresses a distinct part of DA and 5-HT
uptake. S-ﬁj accumulation is more sensitive to imipramine while DA
accumulation is more sensitive to Haldol suggesting e¢hat the 5-HT car-
rier is different from the DA carrier. When crude mdmbrane prepara-
tions from p\atelétS'were used togtest the binding of DA, a single

binding site could be detected. This binding site had an apparent Km

of 184 nm and approximately 39 fmols/mg protetn binding sites.
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