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, " ABSTRACT

Platelets stored in PL 732 bags at 22<C for a minimum of
three days lose their ability to respond to single stimuli.
"The aims of th;s study were to examine the effects of storage
‘uﬁ platelet lipiﬁ composition, more specifically on the
, arachidonic acid and the Qlkylacyl class content of the maijor
phaspholipids. 'b

A p;ucedure.fnr‘tha determination of the propbrtions of
diéﬁyl, + ~alkenylacyl and alkylaéyl classes | of
glycer;pho;pholipids was devzloped. The pruceduFE invn1ved:
(1) methanolysis of the phospholipid followed by -‘Bligh/Dyer
extraction of fatty acid methyl esters (FAMEs) derived from,
acyl chain types, Qimethylacetals {DMAs) derivéd from alkenyl
ether: chain types and lysoalkyl phosphatidic acids
(lysoalkyl-PAs) derived 'from alkyl ether chain types; and (2)
subsequent acetolysis to cnnvert- the lysoalkyl-PAs to
'mnnoalkyl glycerol diacetates (HAGDS;. GLC analysis of the
FAMEs and DMAs after methanolysis and MAGDs after acetolysis,

with internal standard (21:0 FAME) , was used for
identification and quantification of each hydrocarbaon c;ain
types, allowing calculgtiun of the praportions of the three
molecular classes. The methanolysis/acetolysis procedure
resulted in a mean phospholipid recovery of 96 % 4%Z.

The results of application aof this prucedﬁre to Fresh

resting platelets were in agreement with those obtained by

?
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other procedures. Phosphatidylcholiné; (PCH contained 10%

.alkylacyl class and lesser amounts of alkenylacyl class.

.

Molecular -species analysis by fast—-atom boﬁbardment mass
speFtrnmetry (FAB/MS) indicated a high amount of 16:0-18:1
diacyl PC. Arachidonate was predominately associated with the
diacyl PC. In addition, FAB/MS suggested the presence aof Pa#
molecules in resting platelets, which might be an endogenous
source of preformed Paf. Phosphatiﬁylethanulamine fPE)
analysis demonstrated a highef alkylacyl.content (8.0%} ‘than
previously reportedf The-alkenylacyl content was 27% and
tﬁe ' arachidonic acid content was 47%. FAB/MS . studies
indicated that the arachidonate was associated mainly wWith-
plasmalogen or alke;ylacyl class of PE.

The effects of storage on plételet llipid components are
listed below:
1) A,éignificant degrease in the a}kylacyl class (16 to 10
nmol per 109'cells) cantent of PC after three days of storage
but the 1loss was not significant with respect to the
aQ;ilability of Paf precursor as only 2% would be sufficient
to be activatingj
2) No significant change in the total arachidonate
concentration (245 nmol per 109 cells in fresh resting
platelets);

3) No significant change in the cholesterol, taotal

phospholipid or cholestercl to phospholipid molar ratioj
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4) No significant changes:?n the phasphalipid ccﬁpcsition;
S) No sighifigaht change in the alkenylacyl or diacyl classes
of total lipids, PC or PEj )
6; No significant changes in the hydrocérbun chain
composition of diacyl and alkenyl classes‘of total lipids, PC
or PE.

These studies indicate that the lipid composition of
stored platelets remains similar to‘that of fresh platelets:

there was no significant loss of arachidonic acid or Paf¥f

precursars from endogenous phospholipids to accodant for the

‘inability of stored platelet to respond to single stimuli.

Taking into account other recent work CImai, A., Takahasi, M.
and - Nozawa, Y.A (1984).. Crypbioloir, 21, S51; Labow, R.S.,
Tocchi, M., Adams, G.A. and Rnck,-G. (1986). manuscript in
preparationl] and' the present study, this inability of
stored platelet to respond is suggested to be tﬁe result of
the inhibition of ehe phospholipase A=z activity by

plasticizers from the PL 732 bags used for platelet storage.
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A. INTRODUCTION

4

Platelets are the smallest cells in the circulating human‘
blood. They number a#proximately 2 X 108 to 4 X 108 /ml

(Weiss, 1975) and remain in the circulation for a lifespan of
7 to 10 days (Zucker, 1974). The platelet is derived from the
largest celi in the bone 2magrow, the megakaryote, and is

.devoid of a nucleus, DNA, rough endoplasmic reticulum and

ribosaomes (Marcus, 1978).

S

The primary function of blood platelets is the prevention
of _ hemorrhage by quick response o the exposure of
subendothelium and collégen that=res;1ts in the formation of
a haemostatic plug at the site of injury. Besides collagen,
other physiological agents such as adenosine diphosphate
(ADP), thrombin, epinephrine and arachidonic acid are all
able to elicit platelet response consisting of change of
cellular shape, degranulation or secretion, and aggreg;tion.
Pairs of these agents act synergistically, that is, neither
agent alone is stimulatory, but in combination, they produce
full response. When platelets are isolated from whole blnod,
concentrated and stored as platelet concentrates for use in
transfusion therapy, the platelet response to a single
stimulus markedly decreases while its synergistic response is
rééeined. Despite this decrease which can be noted after a
minia&ﬁ of three days of storage, the stored platelets remain

therapeutically effective in thrombocytopenic patients.
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ATthough the mechanisms that modulate the phenomenon of
haemostasis are not Qet cuLpletely elucidated, recent
biochemical studies of the platelet membrane indicate that

the composition of its phospholipid and ‘their constituent

molecular species are rapidly altered when platelets are

activated by physiological agents such as thrombin (Skeaf and

Holub, 1985).
I. Pathways ofqPLatelet Activation

Primary activators of platelets are collagen, AbP,
epinephrine, arachidonate metabplites, thrombin and Paf ﬁhich
act through receptors on the platelet sur¥ace. The three most
studied pathways are the release of ADP, the liberation and
metabolism of arachidonic acid, and the sxnthesis of Paf.
Each one of these pathways generates compounds which act as
intercellular mediators to propagate the rapid activation of
all platelets (Fig.1}). These pathways are discuésed further

in detail below.
I.1 ADP

The mechanism of platelet activation by ADP has not vyet
been completely elucidated, however two hypotheses:have been

proposed. One hypothesis is the binding of ADP to a

- nucleotide diphosphokinase on the platelet surface. This

would be consistent with the conversion of exogenous ADP to

ATP during platelet aggregation (Mustard et al., 1975). The



Figure 1: Formation of Secondary Stimulants from

Platelets (from Paganc and Sleight, 19835).
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shunting of the endogenous ATP to act as phosphate and energy
donor fo this process and away from normal phospholipid
synthesis or cyclic adenosiné monophosphate (cAMP) prnductlon‘
could be the activation signal for the cellular response (Lam
et al., 1982).

An alternative hypothesis is that a decrease in cAMP
within the blatelet. results from the bindiné of AﬁP to a
regulatory portion of the adenylate cyclase complex {(Salzman,
1972; Gorman et al., 1977; MacFarlane et al., 1982). CAMP
levelg have been observed to_drop 5lighti; upon stimulation
and large increases in cAMP inhibit platelet stimulation by
even the most powerful stimulants. However, it is not clear
how decreases in cAMP would initiate the intracellular events
that occur before aggregation. _

Exogenous ADP or ADP‘frnn platelets or from red blood
cells can activate platélets. Removal of ADP by enzymes such\
as apyrase and creatine-phnsphate/creatine phosphokinase o?
by addit;on of exogenous ATP or other triphosphate
nucleotides all inhibit specifically the ADP—induE;d platelet
aggregation (Mustard et ai., 1973; MacFarlane and Mills,

1975; Kinlough—-Rathbone et al., 1977). These approachs have

been used to determine the role of ADP released from platelet

-~ .
v

granules during platelet activation. A pbsitive feedback
amplification is possible: ADP released from platélets has
been .shown to be aone of the amplification pathways whereby

stimulants such as collagen and thrombin activate platelets
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(Kinlough—Rathbnne} 1977; Packham and Mustard, 19B4).
I.2 Release and Metabolism of Arachidonic Acid

Arachidonic aci& is reieased from membrane phospholipids
by the direct‘actinn of phaospholipase Az or by the indireci
action of phusphatidyliaositcl—specific phospholipase T to
form diglyceride and the subsequent acfidﬁs of diglyceride
lipase and monoglyceride lipase. to 1liberate arachidonate
(Fig. 2), (Bell et al., 1979; Prescott and Majerus, 1983). 7
Arachidonate metapolism (Fig. 2 résults in the fogﬁatinn of '

proétaglandins,_thrnmbnxanes and hydrox? fatty acids some of
which cunstifute the secun& pathway for platelet activation
(Lusher, 1978; Marcus, 1978; Moncada and Vane, 1979; wéutigr
and  Caen, 1979 Mustard et al., 1?80).. Arachidanate
metabholites, prostaglandins (PB)Gz and Hz and thraomboxane Az
(TXAx), can all iqquge platelet aggregation and ahpear to
work through the é;me receptor a5.trans—13—azaprustanaic acid
}}S—APA) which can block all three campounds. Pfustaglandin
Dz inhibits platelet respaonse through a receptor different
from the PGBIz and PGE, receptor '(Fig. 3. A number of

. }

inhibitors for the arachidonate pathway at various levels
gave been reported. WMepacrine inhibitsrthe-arachidonic acid
release fﬁom membrane phaospholipids (Winocour ét al., 1982;
Chan et al., 1982). Non—-steroidal; antiiﬁflammatnry dFugs

such as aspirin, sulfinpyrazone and indomethacin all inhibit

the conversion of arachidonate to PGBz and PGHz by the enzyme
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Figure 2:

Arachidonic Acid Release and Metabolisa

tgfrom Packham and Mustard, 1984).
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Role of Arachidonic Acid Metabolites
in Platelet Activation

(from Packham and Mustard, 1984)
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cyclo—oxygenase. Other compounds sﬁ&h as imidazole and 9,11-
azoprosta~ 5,13—- dienoic acid, have been reported tc inhibit

thromboxane synthetase which canverts PGHz into TXAz (Wautier
~— : :
and Caen, 1979).

I.3 Platelet—-Activating Factor (Faf)

Platelet-activating factor (Paf) is a potent aggregator
of platelets in the presence of aspirin (inhibits AR
metabolism) and apyrase ar CP/CPK (removal of ADP) indicating

that there 1is a third pathway for platelet activation. The
AR

- structure of Paf thas been identified as 1-0-alkyl-2-acetyl

- sn—glycern-3-phosphocholine (Fig. 4), {Demopoulos et El.,

1979; Benveniste et al., 1979; Blank et al., 1979; Hanahan et
al., 1980). The structural characterisfics of Paf which®
contribute to its potent biological activity bhave been
examined by several laboratories. Among _£HE strucfural
features found to be functiunally important were the-
hydrocarbon chain length and type of linkage found at the
sn—1 and sn-2 positions, the néﬁure of the head group and the
siereochemistry of the glyceroi moiety (Fig. 5), (Snyder,
19895). Paf molecules synthesized in vivo contain a
heterogeneous mixture of chain lengths from Cl14 to C20 at the
sn—1 paosition nf‘the glycerollmoiety. The most potent Pa#

molecule is 1-hexadecyl— 2-acetyl- sn—3—glycerophosphocholine

which 1is active at a minimum ceoncentration of 10-7 M for
-~

-

human platelets (Packham and Mustard, 1984). .
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Figure 4: Structural Formula for Paf
Ri= alkyl chain, n= 13 - 1%
'Ra= acetate group

Rx= phosphocholine heed group
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Two pathways far the syntﬁésis of Paf have been
demonstrated. In the first pathway, 1-0O-alkyl-2-acetyl-PC is
synthesized from 1—D-a1ky;—Z-acetyl—glycerol Sy a
CDP—:hofine: l—D—alkyl—zfacetyi—glycernl choline transferase

/;eaction {Renooij and Snyder, 1981). In the second pathway,
the most studied of the twa, Paf is synthesized from
1-D~alkyl~2—acyl-PC wvia a deacylation by a phospholipase Ax
reaction to a lyso—-Pa¥f and then acetylated by an
acetyltransferase {(Snyder, 1983).

Studies of the second pathway have led to the proposal
that Paf regulation occurs via an activation —inactivation
cycle illustrated in Fig. &. The properties of the enzymes
{acetyl -Caﬁ: alkyl—-GPC ‘'acetyltransferase coupled with
phospholipase Az) involved in the conversion of alkylacyl PC
to Pa+t, as well as the specific cafabnlic enzyme,
acetylhydrol ase h;ve been characterized in human and rabbit
platelets (Shyder- et al., 1983; Benveniste and Vargaftiqg,
1983; Alam et al., 1983). Phospholipase Az inh{bitors such as

‘EDTA, bramophenacyl bromide, nf mepacrine prevent the release
of Paf {Mencia-Huerta et al., 1981) leading to the formation
of 1-0-alkyl-GPC (lyso—Paf). That 1lyso-Paf was indeed the
precursor of Paf was determined by experiments in which
platelets_ were incubated with cold acetyl-CoA and tritiated
lyso—Paf to yield radiolabhelled Paf (Chap et al., 1951). This
was strengthened by experiments showing incorporation of

tritiated acetyl-CoA or tritiated lysoc-Paf into the active
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moleculé'(Ninin et a2l., 1982). Chap et al., (1981) . also
demonstrated incorporation- of labe}&ed acetate in the Paf
released from platelets. The basal acetyltransferase activity
is transfgntly increased upon thrombin activation reaching a
maximum within 2 minutes. This process may then be regulatory

. b
in the formation of Paf in platelets (Coeffec et al., 1983).

1.4 Proposed Mechanism of Platelet Activation

Study of platelet activation suggest that all of the
stimulating aqents may actlthrough a réceptor and results in
Ca=*-mobilization (from 10~8 - 10=7 M to 10~ - 10-5 M) which
in turn causes certain biochemical changes (Lapetina, 1983;
Packham and Mustard, 1984). One such biochémical change is
the degradation of inositol phuspholipids; especially
phosphatidylinositol—-4, S-bisphosphate (PIPz) (Fig. 7). These
lipids are located at the cytoplasmic face of the platelet
membrane and provide important cellular Ca®*-binding sites
{Dawson, 19865; Harrison and Long, 1968; Hendrickson and
Reinertsen, 1946%9; Billah and Lapetina, 1982). Thg triggering
of the PI cycle results in the subsequent formation of
1,2-diacylglycerol, inositol pha;;hatidesv_ and
lysophaosphatidic acid (LPA) (Lapetina, 1970; Lapetina et al.,
1981; Lapetina, 1982; Billah and Lapetina, 1982).
1,2-diacylglycerol can activate protein kinase C and LPA

might act as an intracelllular Ca®**-ionophore (Gerrard et

L
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ﬁl., 1978) Iand thus cause further release of Ca=®* from the
gense tubular system (Berrard et al., 1978). This Ca="
mobilization might then stimulate phospholipase Az which
would act to liberate arachidonic acid from phospholipids
such as PC, PE, él‘and PA (Lapetina, 1970; Lapetina, 1982;

Lapetina, 1983).

1.5 Synergisms [FJ

All of the aggregating agents (ADP, TXAz, collagen,
npinephrineuw serctonin, thrombin, and many others) appear to
act synergistica!ly_uith each ather so that concentrations
that are themselves insufficient to cause aggregation can
greatly amglify the Eespnnse to a low éoncentration of
another aggregating agent (Kinlough—Rathbone et al., 1977;
Grant and Scr@ttun, 1980; Rao and White, 1981; Cameron and
Ardlie, 1982; Rittenhouse and Allen, 1982; Di Minno et al.,
.1582, 1983; Vargaftig et al., 1983). It seems likely that, in
gigg; plate!eés are rarely exposed to only one aggqregating
agent; Qhe more—than—-additive effects of several agents are
undoubfedly' important in haemostatic plug and thrombus
formation. The existance of syneré&sms suggests a point " of
cnnvergencé of activation pathways at the level of an

intracellular messenger. It is not clear how or why all these

different stimulants result in the same responses.

A
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1.6 Effect of Storage on Platelet Activation

'

Platelets ‘are normally §§Dred\ under blood banking
conditions for three to five days (Diﬁ;nno et _al., 1983).
They retain unchanged serotonin uptake, btut have a ‘décreased
hypotonic réspcnse and pH. The stored platelets exhibit

change in cellular shape, loss of membrane glycoprotein and

loss of glycogen, dense and alpha granules (Adams, 1982). In

<
addition, there is a drop in the cell count after @ recovery

with increase in the median cell volume. Cyclo-oxygenase
(Roth et al., 1982), and phospholipase C remain unchanged
while phosphniipase Az activity is decreased {(Labow et al.,
1986a, manuscript.in preparation).

These stored platelets do not respond to a single
stimulus of epinephrine, ADP, collagen or arachidonic acid
unless ﬁigh concentrations are used; the synergistic
reactions to pairs of these agents remain unchanged (Rock et
al., 1985; Adams et al., 1986).

Furthermore plateletA apiliéy to correct prolonged
bleeding time in thrombcgytopenic patients is recovered
within several hours upon transfusion (Slichter and Haﬁker,
19763 Slichter, 1980). It 1is unknown- how platelets are
érans%ormed uEﬁ'rejuvenated upon transfusion. Synergistic
action of several stimuli might be the physioleogical “pathway
of activation. Thus stored platelets provide an interesting

model to study the synergisms and the role of membrane

phospholipids in platelet activation.

-1



II1I. Platelet Membrane Composition

Mar:us'et_ al. (194%) have. identifieg\ the major - lépid
classés in addition toc the individual fatty acid compaonents
in isolated platelet plasma membranes. He reported that the
ratio of lipid to protein was 0.58 by weight with
phospholipids Aéomprising 78% of the total 1lipid and
cholesterol accounting for 90 % of the néutral lipid. The
molar ratio of cholesterol to total phospholipid in these
membranes was 0.53 which is in aéreement with the‘ value

{0.50) obtained by Barber and Jamieson (1970) and Kaulen and

Gross (1973).

I1.1 Role of Cholesterol in Platelet Activatian

-t

Derksen and Cohen {(1973) have shown that platelets are
unable to synthesize cholesterol. They cannot form mevalonate
nor ®can they incuﬂpurate—mevalunate into cholesterol. The

platelet cholesterol content reflects the initial cumpoéiticn

of the megakaryocytej althéugh exchange. of cholesterol with
the plasmallipnp}uteins may result in ﬁo;ificatinn of .the
endagenous platelet cholesterol ‘content.

Previous studies suggest that changiﬁg the cholesterol
content of the platelet membrane alters-the platelet respnnsé
to agqgregating agents. Carvélhn et al. . (1973) studied
_platelet function in 17 patients with . Type . 11

'hyperbetalipnproteinenemia, a condition in which there is an

increased platelet cholesterol /phaospholipid.ratio (Bennett et

4

s
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al., 1974}. They found that platelets from these patients, as
compared to normal subjects, had an enhanced response to
epinepbrine, <collagen, a;d ADP. These.éxperiments suggest a
relationship betweén plasma content and platelet function,
b%ta did not ‘establish the mechanism as normal platelets
i&dﬂbated with plasma from' these patients did not have

increased sensitivity. More direct evidence linking platelet

cholestergl content to function was provided by Shattil and

coworkers (19735). They prepared cholesterol /
phosphatidylcholine liposomes which were ‘cholesterol
normal ’ (chalesterol/ phosphatidylcholine mole ratio, 1:1), .

‘cholesterol rich’ (cholesterol/ phosphatidylcholine ratio,

Z2:1) or ‘cholesterol poor ’ (devoid qf'c« cholesterol).

Incubation with cholesterol poor liposomesllowered platelet

membrane cholesterol. Cholesterol normal liposomes did " not

s

change the platelet membrane cholesterol. The:acquisition of
cholesterol by plqﬁglets was associated with a 35-fold
increase in sensitivffy‘to epinephrine—iﬁduced aggregation.
Reduction ofi‘platelet membrane cholesterol was‘“associated
with a lé—fold reduction in sensitivity to J?Dinephrine. of
interest in this work is the concept tha£ the decrease in
sensitivity o% platelets to stimulation after storage could

-

be due to a decrease in cholesterol content.

Ir.2 Phosphnlihid Classes

Besides major classes, phospholipid components may be

-
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further grouped into three major subclasses dependgnﬁ an the
nature of the. linkage of the hydrocarbon chains to -  the
glycerol backbone;Q thosg@Fampounds having ester linkages at
both sn—1 and. sp-2 ppsitions. are "diacyl" phospholipids;
those having a satufated ether linkage at the sn-1 position
and an ester at gﬁrz are "alkylacyl" phospholipids; and those
having a vinyl ether linkage at the sn-1 and ester at §g~2
are "alk-1'—enylacyl”" phospholipids (Fig. 8).

11.3 Praoperties of the Ether Linkage

Ethefufipids are characferized by the presence of alkyl
or (Z)-1'-alkenyl ether groubs. 'The absence of the carbonyl
dipoles in ether lipidé.makes them less polar than their
ester analogues and consequegtly their abundance in
bioclogical membranes may contribute to: i) differences in
dipolar membrane potential, compared to membranes containing
mainly ester' lipids; ii) to a reduction in hydrogen bondiqg
between the phospholipid \ molecules \?nd hetween potent}al
hydrogen donors such as holesterol, protein and water
and iii) formation of closely packed hydrocarbon region and a
less érdered polar head regioh of the membranes (Paltauf,
1983) . ¥

The alkyl ether bond resists chemical and enzymatic
hydrolysis by phaéphnlipases. The alk—l‘—enyl ether bond
however - is acid 1labile, but stable towards a%gali 'and

phospholipase action. These chemical properties are useful to

¥
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. .. Figure 8:

Reaction Products.uf Diacyl, Alkenylacyl
and Alkylacyl classes of Phospholipids
AY After Methanolysis

and B)Y After Acetolysis
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separate diacyl forms from the ether lipids analytically. The

0
™

double bond adjacent to the ether oxygeﬁl in alk-1'-enyl
lipids is very susceptible to acid hydrolysis (Hanahan,
1972). Exposure.;f alk-1‘'-enyl glycerophospholipid ta HCl
produces fatty aldehydes or 'if the acid catalyzed reaction is
carried Dﬁt in methanol {methanolysis), dimethylacetais
(DMAS) of the aldehydes and fatty ac?d methyl esters (FAMEs)

of the acyl chains ‘are ~formed while the saturated ether

.

linkage - remains intact to the hild acid hydrolysis resulting
in the formation of i-alkyl-2-lyso-PA (Fig. B8) (Gray, 1959).
The 1-alkyl-2-1yso PA m;y be acetylated by acetglysis with
acetic anhydride/acetic acid tDF) form monoal kylglycerol

diacetates (MAGDs) (Fig. B). The DMAs, FAMEs and MAGDs can be

separated according to chainf length and number of double

v -

bonds using similar GLC cohditions as for methyl e;terj
analysis,‘ and can be identified by their retention times
relative to standards, or by usihg equivalent Ehain length
(ECL) values.

A particularly useful reaction in establishing the nature
of the ether bond involves the use of iodine and methanol
(Siggia and Edsberg, t948); This reaction'forms the basis of
a quantitative analytical procédure for alk-1’'-enyl ethers
(Gottfried and Rapport, 1962) in which uptake of iodine is
measured colorimetrically: ‘

R:.‘CH:“U"CH-:CH—Rz + I=

- [R1~CH--0-CH(I)-CH(I)-Rz]

CHs0OH
- - > R1~CHz-0-CH(OCH3) -CH(I)R=z + HI




fhe reaction is fast and prov?des a facile aﬁproach to
quantitatiye analysis of the vinyl ether bond in lipid
mixtures. -

The alk—-1‘—-enyl group is relaéavely stable to alkali
treatment. Pietruszko and Gray (1962) found that
lysopl asmalogens and fatty acids were the sole lipid products
when chaline or ethanclamine phospholipid was hydrolysed in
0.9N NaOH (§B=C). This technique was wused to separate
dimethylécetals from the fatty acid methanclysates after.
methanolysis of phospholipid and to see whether DMAs overlap
or are hidden‘by FAMEs on. GLC.

Hydrogenation of the double bonds in aliphatic groups
including the nnE'édjacent to the ether bohd in plasmalogens,
" makes it possible to prepare stable derivatives 6+ the
alk-1’"-enyl lipids; Hydrogenation can be carried ovt with
Adams (Pt0x) or palladium (Pd/C) catalyst in 95% ethanol at
room temperature and atmospheric pressuref(Snyder and Blank,
1969). This reaction was useful in preparing a mixture of
diacyl, alkgnylacyl énd alkylacyl PE from PE that contains
mainly diagyl. and alkenylacyl classes for preliminary
assessment ﬂof the g{ficiency of ithe proposed méthcd for
analysis of these speé}es (see Materials I.2).

11.4 Phospholipid Composition, Biosynthésis and Metabolism

Phospholipids in human platelets consist of abuuf 40

moleX PC, 23-28 moleX PE, 92-11 mole¥ PS, 3I-6 moleX PI and

18-20 mole% Sph {(Cohen and Derksen, 194%9; Owen et al., 1981;



Mahadevappa and Holub, 1982). PC and PE may be further
subdivided inhto subclasses: :PC was found to contain 80%
diacyl, 10%Z alkylacyl and 9% alkenylacyl; PE contained 3&6%

diacyl, 4% alkylacyl and 40% alkenlylacyl (Mueller et al.,

1983).

Fatty acid analyses have.revealed that ;he major fatty
acid residues in all classes of choline and ethanolamine
phospholipids in resting platelets are palmitic (16:0),
stearic (18:0), oleic (18:1), linoleic (18:2) and arachidonic
(26:4) acids. The alkylacyl and alkenylacyl PE species also
contained significant amounts of 22:4, 22:5 and 22:6 acyl
chains {(Marcus et al., 19469; Mahadevappa and Holub, 1982;
Mueller et al., 1983; Kramer and Deykin, 1983).

The fatty acid composition of each class of platelet
phosphoiipid is wunique -but very little is known about the
mechanisms which requlate the distribution of fatty acids
among the pMspholipid classeé. Studies by several grﬁups
(Ritterihouse-Simmons and Deykin,riqel; Prescott and Majerus,
1?83; Goracci et al., 1983) have shown that platelets can

biosynthesize phospholipid by the de novo <{(Kennedy) pathway

or by the remodelling of phospholipid via the deacylation
-reacylation (Lands) pathway (Marcus, 1978;
Rittenhouse-Simmaons and Deykin, 1931). Precursors such as
glycerol, pho;phate and long chain fatty acids are
incn;porated into platelet phospholipia when supplied in the

incubation medium (Marcus, 1978; Rittenhouse-Simmons, 1981;



Mahadevappa and Holub, 1983). The fatty acids can be
incarparated ei£her through de novo synthesis or t;rmugh
remodelling of the phospholipids. i
There is now evidence for the de novo synthesis of the
monoalkyl ether phospholipids in platelet membranes by a
pathway 'invnlving alky1~dihydrcxyacéfcne . phosphate
{alkyl—-DHAP) synthetase (Fig. 92. This enzyme, which has. been
solubilized and purified from platelets (Hajra et al., 1978;
Brown and Snyder, 1982} carries out the exchange of the acyl
.group in the acyl DHAP with an alcohol group to form 0O-alkyl
.DHAP (Davis and - Hajra, 1977; Haira, 1983; Brown et al.,
1985) = .

y -

Acyl-DHAP + R-0OH - - > Alkyl—DHAP‘+ RCOOH

Alkyl-DHAP synthetase has been shown to be guite SéeciFic for
acyl-DHAP, so that neither acyl-DHA, acylglycerophasphate or
DHAP EPuld substitute Ffor acyl-DHAP as substrate (Hajra et
al., 1978; Hajra, 1983). However, the reaction itself was
found to be non—specific with respect to various alcohols, so
that any long chain primary alcohol above C10 or below C22,
including polyunsaturated alcohols and diols may react with
acyl—DHAP :tD form the ether bond {(Hajra, 1983). Subsequent
reduction of the O-alkyl-DHAP followed by acylation gives
rise to the alkylacyl phaosphatidic acid which can be
converted toc alkylacyl phospholipids (alkylacyl PC, alkylacyl
PE, etc.) by the de nova (Kennedy) pa{{hways (Hajra, 1983)

(Fig. 9.



Figure 9: Pathways for the Biosynthesis of Ether
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The formation of the alk—-1'-enyl ether linkége in the
o
alkenylacyl or plasmalogens occurs exclusively by the

desaturation of the alkyl ether linkage\ig\fhe alkylacyl PE

by the microsomql bound cytochrome bg dependent desaturase

system requiring Oz and NADPH as cofactors (Paltauf, 1983):

R—0-CHz—CHx-R - > R—-0—CH=CH-R
. D=z, NADPH
alkylacylPE alkenylacyl PE
. alkylacylPE

desaturase - "

The alk—-1'—-envyl acyf‘PE formed may be converted to othgr
alkenylacyl phcsphcliéids such as FC, E} etc. and
alkenyldiacy; glycerols by the same enzymatic reactions
invnlve& in the interconversion of the 1,2-diacyl analogues
(Fig. 10) (Paltauf, 1983).

The O-alkyl and D—alk—i';enyl bonds are resistant to the
acti;;.of phospholipases (Fig. 11}). In certain types of cells
specific enzymes cleave the.ether bond of 1-0-alkylglycerols
by an oxidative mechanism (Tietz et al., 19&64) to yield long.
chain aldehydes and glycerql. The same enzyme accepts
140—a1kylglyceruphqsphatidylethanolamine {1-0-alkyl PE) as a
substrate, but alkylglycerolipids caontaining acyl or free
phosphate groups are not attacked (Snyder et al., 1973). The
1-0-alkenyl ether bond can.he hydrolysed by membrane bound
plasmalogenases (which have been identified in rat liver
(Warner and Lands, 1961; Gunawan and Debuch, 1951) .and rat

brain (Ansell and Spanner, 19463). Praducts of the

plasmalogenase—catalysed reaction are long chain aldehydes



Figure 10:
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Interconversion of Phospholipid Head Group
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Figure 11: Enzymatic Hydrolysis of Diacyl Phospholipid

A. = phospholipase A, .
Az = phosphelipase Aa
C = phospholipase C
D = phospﬁnlipase D :






and 2—acyig1ycernphnspholipids. The enzy&es necessaryA¥or
degradaton of ether lipfds have not yet been isolated from
platelets. Acyl ester and phcsphnester bands of ether lipids

. are hydrolysed by the same enzymes phospholipases that
ﬁydrclyse fhg corresponding bonds in ester glycerolipids but
at lower rates (Fig. 11) (Paltauf, 1983). However, little is
known abmut the regulation of ether lipids such as Paf whigh
has very potent biological activity. A better understanding
of the regulation of ether lipid synthesis would be of great

A}

interest in connection with platelet activation.
I1I1. Rationale and Aims of Present Work

The roles of ether phospholipids in normal‘ platelet
function is not known. Hnwever,'the presence of significant
amounts of Paf precursor and the enzymes to ' metabolize and
régulate Paf release-in the platelet membrane indicates that
Paf ‘may ihdeed play a role in plafelet maintenance of
vascular integrity (Packham and Mustard, 1984; Snyder ,
1985). The importance of arachidonate and metabolites on
platelet fﬁnctiun has long been recognised (Marcus, 1978;
Rittenhouse~Simmons and Deykin, 1981). Present mechanistic
concepts of haemostasis suppart the hypothesis that
liberation of agents from platelets in response to exogenous
stimuli amplify the ipitial stimulus . and recruit more
platelets teo the site (Adams,. 1983%). The nature of the

interc%}lular mediator is unknawn, and has been‘speculated to



‘be thrombin, ADP, serotonin, .thrnmboxane Az, Paf and

endoperoxides, as they all can bé formed by thé platelet 1in

response to stimulation (Mustard et al., 1981). xThen
‘ L ' ~

synerggstic effecttmay indeed be the physiological mechanism

for amﬁli%ication of the haemostatic signal as calculations

T4

indicate that insufficient amounts of ' any one agent are

v

prbduced at the site of vessel injury {(Adams and Feuersteiﬁ,
1983).

The effect of storage has been shown to result in
a decrease in platelet response to single stimulus with full
response to pairs of stimuli. This effect may be the result
of the loss of the platelet response to propagate the initia&

e

stimulus with endogenous agents. The immédiate effect of
storage would be expected to be reflected by changes 1in its

membrane composition. Both arachidonate and -Paft precursors

are stored as meQbrane phosphaolipids. Therefore study of

L
X

platelet phospholipid composition should indicate whether the
storage effect on platelet function could be due to a loss in

+

the precursor material for Paf or arachidonate metabolites on
storage.

The aims of this thesis are: (l)qto develdp a method © for
the analysis of phospholipid molecular class composition and
more specifically, the chain lengths and unsaturation of the
fatty alcohaol, - fatty aldehyde and fatty acid components of

the total lipids, and of the phospholipid classes, PC and PE;

(2) to examine the effects of storage on platelet



phospholipid composition. The results obtained might indicate
the potential role of diacyl, alkenylacyl and alkylacyl

phospholipids in platelef function.
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B. MATERIALS AND METHODS

I. MATERIALS | :

»

I.1 Platelets

Human blood collected frdh.dpnors was obtained from the

Canadian Red Cross, Ottawa Center, Bl cod Transfusion

Service.

L.

I.2 Chemicals

All solvents were glass—distilled before use. All other
chemicals were of “Reagent Grade" unless otherwise specified.

Al

Fatty acid -methyl ester standards were from NuChek (Elysian,
MN) . Aldehyde dimethyl acetal ;tandards were synthesized by
methanolysis of sodium bisulfite—adducts of palmitaldehyde,
stearaldehyde and coleylaldehyde (K+K Lab Inc., Plainview, NY )
(Kates, 1972). Monoalkyl glycercl diacé£ate standar;s were
synthesized by acetylation of chimyl (16:0), batyl (18:0) and
selachyl (18:1) glcchnls purchased from Western Chemical
Industries Ltd., (Vanocouver, BC),A(Renkunen, 1965). The
synthesized standards were checked for purity and
characterizéd by analytical TLC, SLC and mass:spectrometry.
Paf (1-0-hexadecyl-2-acetyl-3—-glycerophosphocholine) and
plasmalogen PE (bovine brain extract) were purchased from
Sigma Chemical Co. (St. Louis, Mo.). The PE was partially
hydrogenated with Pt0l; as catalyst (Kates, 1972) to form a

mixture of alkylacyl, alkenylacyl and diacyl classes.
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II. METHODS

II.1 Preparation of Platelets

—

Fresh humén platelets were prepared using conventional
methods (Mustard et al.,71972). 'in brief, human venous blood
was collected from danors into citraté—phcsphate—déﬁtrcse—
adenine (CPDA-1) anticoagulént and separated into
plateleg—rich ‘plasma (PRP) and packed red cells by
centrifugation at 1$Oxg for 10 minutes. The PRP was
transferred to PL 732 bleood bag and recentrifuged at 3000xg
far 7. minutes to concentrate the platelets.

For the study of the effects of storage, platélet
concentrates +rom' 8 volunteers were pooled, aliquoted into
separate PL732 bags and stored as concentrates at 109
platelets per ml in 40 ml of plasma. The concentrates.were
stored at 22°C with tumbler agitation fﬁr up to fi;é da;s.
Subsamples were withdrawn using agéptic procedure from
platelet concentrates on the day of collection (Day 0 or
fresh), and after three and five days.uf storage. The sémple
was acid;;iéd using 0.1 N sodium citrate to pH 6.3 and washed
according to the pracedures aof Mustard et al.{(1972). In the
final wash, the platelets were washed with Tyrode's ion-free

buffer. The platelet concentration was determined by

electronic particle counting (Coulter Inc.}.



I1.2 Platelet Function Testing

The platelets were diluted to 3 X 108 cells/ ml with

autologqous plasma ant sgimulated;ﬁ}with epinephrine

(Eastmaanodak, Toronto, Ont.), 3 X‘ 10-5 M3 adenosine
diphnspﬁate (Sigma Chemical Co.), 1 X 10—5|M{ collagen
(Sigma}, 'S5 X 10—6 g/ml; iohophore A23187 (Sigma), 1 X 10‘5 My
arachidonic acid (Biodata Cbrp;, Hatboro, éeﬁn.), 0.5 mg/ml;
or ;airs of these stimulants at ghe concentrations above.
Aggregations proceeded for 4 minutes and were performed in a
Payton aggregometer; the extent of aggregation was meaéurad
using turbidmgtric methods (Born, 194&62). Ta graphically

illustrate the results, a synograph was constructed by

plotting the pgregntage of aggregation to the various stimuli

P

on each spoke of a 14 spoke polar graph. Aggregation was

defined as the maximum change in transmittance after

stimulation.
I1.3 Lipid Extraction ' '

Total cellular lipids were extracted by fhe method -of
Bligh—-Dyer (1939) immediately after cell isolation. The total
amount of lipid extracted was calculated from the dry weight
of an aliquot. It is expressed in terms of milligrams of

total lipid extracted per total number of platelets (mg/lO9

cells).
Total cholesterol was determined by the colorimetric

method of Zlatkis et al. (1963) and expressed as percentage

~r

i
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df dry weight of the total lipid and as a maolar ratio to the
total phn5n§01ipid determined by the methaod of Bartlett
(1959) except that samples were digested with EEf;hloric acid
(Kates, 1972). |
RN i
11.4 Thin—layer Chromatography

",
-

i. Analytical TLC

Analytical TLC was performed on 20 X 20 cm? plafes
precuated' with 0.25 mm silica gel' H (Whatman k35 platés,
Whatman Chemical Separation Inc., Clifton, NJ). Samples were
spotted under Nz on plates previously washed t@ice' with
CHCls~CHa0OH, 1:1. 'Phbsphclipid standards uere'nbt;:ned from
Sigma Chemical Co. (Stf Louis}uﬁn.). The solvent systems used
faor chromatography were as follows:

A. petroleum ether/ethyl ether/acetic acid (70/30/10 v/v/v)
for separation of neutral lipids;

B. chloroform/methanol /ammonium hydroxide/water (70/30/4/1
v/v/v/v}) with double development for séparatiun of platelet
phaspholipids;

cC. Chlurofcrm/methandl/acatic acid/water (30:28:10:5
v/viv/v) qu geparation of phospholipids;

D. chlorofarm/ methanol/ water (65:35:5 v/v/v) foriséparation
of phospholipids.

Following development of the :hrumatughéph, spots were

located or characterized by spraying or exposing the TLC
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plate with the following generél reagents (Kates, 1972):

a. iodine vapour; |

" b. 10%Z HzSOa in ethanol followed by charring of the plate;
€. 'NRC’ spray (1% Cerium sulfate hydrate and 1.5 wtX%
molybdic acid 16.15% aqueous sulfuric aﬁid) and charring;

and specific stains:-

d. Niphydrin (2.5 g% ninhydrin in 10% lut;dine—écetnne
solut%on) for émino groups (Marinetti, 19564);

e. Molybdate red8ent (Dittmér and Lester, 19%4) for phosphate
groups; K

f. 2,4-dinitrophenyl hydrazine (saturated "solution of
2,84—dinitrophenyl hydrazine in 10% conc.H:S04 in ethanol) for

carbonyl compounds (Marinetti, 1944).
ii. Preparative TLC

Preparative TLC was performed on 20 X 26 cmg.plates
precoated with 0;75 mm silica gel H (Whatman pK3S) plates with
double development in the solvent system of
CHC1 5—CHsOH—NHAO0H-Hz0 (70:30:4: 1) . The separated
phospholipids were visualised by exposure to iodine vapour.
Thé bands were marked, scrapea into tubes and the
phospholipids were extracted from the silica gel with
CHC1s-CH=O0H (1:1). Lipid phosphate recoveries from extraction
of known amounts of phospholipid from preparative TLC plates

were 70 + 10 %.
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I1.5 General Analytical Procedures
i. “Phosphate Determination

The phospholipid phosphorus was determined by the
modi fied method of Ba;tlett (Kates, °'1972). The total
bhnsphorus‘has expressed as a percentage of the liﬁid dry
wéight (mgP/ mg lipid X 100).

ii. Vinyl Ether Assay

Vinyl ether content was assayed by the method of
Bottfried and Rapport (19462, 1963) modified as follows: an
aliquot of chloroform solution ccntainihg 0.;% to 0.10 pmole
of vinyl ether 1lipid was transferred to a 15 ml glass
stoppered tube. The solvent was evaporated under a stream of

nitrogen and the residue éuspehded in 0.9 ml of methanolj;

then, 0.5 ml of iodine solution (0.6 X 10—3 N) was added and

the tube was shaken for 30 minutes at room temperature. The

mixture was then diluted with 4.0 ml 043952 ethanol and the
absorbance read at 3353 nm against a blank cnntainihg 0.3 ml
of 3% KI instead of the iodine solution. -A ;;ntrol tube
containing the iodine solution without the lipid sample.uas
also measured. Thé average extinction caoefficient Ln% the
iodine solution was determinéd by measuring absorbance an

varying amounts of the iodine solution”™ in the above system

without the lipid sample (molar extinction coefficient, ca.

27,500) .



Caiculation:
Hmoles (A_control - A sample) X 5
vinyl ether = e X 10— ‘
groups ‘ 9

where e is the molar extinction coefficient of Ia.

The content of vinyl ether was then expressed as a percentage

of the phnépholipid used in the assay.

I1.46 Procedures for Platelet Phospholipid Analysis

The phospholipid components of human platelets were
separated by preparative TLC of 10-15 mg of total lipid

extract (Bligh-Dyer) of whole cell lysate as described above

—r

(Fig.- 12). -

i

i. Methanolysis Procedure {(modified method of Kates, 1972)

4

‘Qn aliquot of chloroform solution ?;~2 Pmol of
phusghulipid) of total 1lipid or PE or PC +fractions was
- pipetted into a 20-ml screw—capped test tube and a known
qﬁantity (0.4 x _mules of phospholipid uéed) of internal
standard, methyl heneicosanoate (21:0ME) was added. The
solvent was evaporated under a stream.of nitrogen; 4.5 ml of
2.5%4 methanolic-HC1 (made by bubbling 2.5 g aof HC1 .5, in 100
ml of methanol) was added; the tube was stoppered and heated
for 1-2 hours at 70-75°C in a temperature controlled black
heater (Blok Heater, Canlabl). Then, 4.0 ml of water and 4.3

ml of chloroform were added to make a two phase Bligh-Dyer



Figure 12:
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Analytical Scheme for Study of Platelet

Phosphol ipids



| gyead
ajejadeiplve

Jo 02 '0EEZ-dS _o,_o;_.

§91B)908Ip [0J92A|B|AY e g | m.xm . a.
1838 .umu.ﬁ - T ‘be VINT +
“1)%3 J8Yld 318d T L JAVS
_ sisAjojede 7| 3o G1
<_2ﬁ_ + m2<u_ QIO._QOZO._
Y BT _ .
*13xa 1aAg / ybug ‘g
(3d 404 €¥) sisAjoueyiay | | | )
od - o : dd L Sd 'Td 'yds
* I S
- oL daid | | |
_x . Saidr vLOL

"J1X3 .58 / yong ﬂ
| S13131vid

wf



"4

;§5tem.' The lower chlorufcrm pﬁase was removed and the upper
;;ase was washed with chloroform three more times. The
chlérnfurm phases were pooled and concentrated under a stream
of nitrugén. The residual lipids (FAHES,,DMAQ; lysoalkyl—-PA}

- were made up to a known volume in chloroform and appropriate

- aliquots were taken for  GLC analysis and acetolysis.

ii. Analysis of Fatty Acids and Aldehydes by Gas-liquid -

Chromatography

—

?atty acid methyl esters (FAMEs) and dimethyl acetals
(DMAs) pfgahred “as described above, wefe analysed by gas
liquid chromatography on a Pye Unicam (Cambridge, Eng.) gas
chromateograph, on a 2 m x 4 mm cblumn of 104 SP 2330 on
100/120 chrompsorb W AW (Supelco, Belleforte, PE) at 195<C.
Inlet carrier gas (nitrogen) pressure was 1.2 Kg/cm® and the
gases fed to the flame ionizaﬁion detector were hydrogen and
compressed air (Union Carbide, 0Ottawa). Peak areas were
measured by the retention time x peak height method of

‘Carroll (1961) suitably corrected for attenuation of the

peaks.
iii. Acetolysis (Renkonen, 19&63)

- An aliquot of the chloroform phase of the methanolysate
described in B.I1I1.46.1i containing 1-2 mg of lipid were added
to a screw—capped test tube and the solvent evaporated under

nitrogen; 1 ml of acetic acid— acetic anhydride {3:2) was



added, and the mixture was refluxed at 150°C for 48 hours in
the capped tube. To the cooled tube, 4.5 ml of methanol and
0.5 ml of water (9:1) were added and the MAGDs formed from

lysoalkyl—-PAs, along with the remaining FAMEs and DMAs

"extracted wiih petroleum ether.
iv. Analysis of MAGDs by Gas-liquid Chromatography

The MAGDs were analysed on the same column as $of FAMES
and DMAs (see above) but at a temperature of 210°C and
carrier gas pressure at 1.3 Kg/cm=. MAGD peaks were
identi{ied'usinj standard monoalkyl glycerol diacetates and

gquantified using the 21:0 ME as internal standard.
v. Molecular Class Calculation

Mol ecular class composition was determined by
quantification of the FAMEs and DﬁAs obtained by methanolysié
and the MAGDs obtained by acetolysis, using GLC with 21:0 ME
as internal standard. Each mole of methyl ester was taken to
represent 1 mole of 1-0-alkyl-2-acyl-—, 1 mole of
1-0-alkenyl—-2-acyl, or 0.5 mole of 1,2-diacyl phosphclipid.'

mﬁles rA E:moles FAME - E:moles PMA — §:moles MAGD

diacyl PL = X 100
2 X moles PL used

moles % alkenylacyl PL = L[ §:mules DMA / moles PL] X 100
moles % alkylacyl PL = [ §:moles MAGD / moles PL] X 100

where PL is phospholipid abbreviated.



vi. St;tistical ﬁnalysis
~All of the piatelet samples réported in this study were
'¥rgﬁ one platelet pool. The "n* used in statistical analysis
Fefers to the number of repeated analysis of each sample. The
résults ‘were expressed‘as the mean + standard deviation for
n>3 aﬁd for n=2, the average of the dif{erencel between the
means is usaed as fhe deviation.

Statistical evaluation of the final results were

) k4
performed using a paired Student’'s t-test represented by the

following equation (Steel and Torrie, 1980):

My — Ma t=])
T = \/(sei)z P y where SE = \fn—
My and Mz are means; n = number of samples; SD = sténdard
deviatinn. ‘

vii. Mass Spectrametry
a. Fast-atom Bombardment Mass Specrometry (FAB/MS)

A FAB source fitted to a VB 7070E mass spectradeter (VG
AnalYtical, Manchester, Eng.) was operated at an accelerating
potential of &6 kV and a potential of 9 kV at 1.5 mA was
applied to the xenon gun used to form the fast atom beam.

0.5 umol of PC and PE fractions prepared by preparative
TLC (see sgection 1I.4.ii) were treated by mild acid
Bligh—-Dyer partition (Kates, 1972) to remove salts. The

samples were introduced at room temperature .on a stainless



G

steel probe tip of approximately 2 mm diameter. The sample

_ )
was dissolved directly in about 1 ul of glyceral on the probe

tip.'_ The prabe was then inserted into the source.
Dithicerythritol and dithiothreifol (1:1) (Magic Bﬁllet) were
ﬁsed to increase the solubility of the phosphoiipid if
glycerol alone was not sufficient.

The spectra were acquired by a DEC PDP 8 data system
(Digital Equipment Co.) using dipalmitoyl PC and dipalmitoyl
PE {(Sigma Chemical Co., St. louis, Mo.) to standardize the

mass calibration.

b. Chemical Ionization Mass Spectrometry (CI/MS)

Chemical ionization mass spectrometry was used to
corroborate GLC identification of MAGDs. Ethyl ether was the
sgurce of ions. The same instrumentatinn as for FAB apalysis

was used. Batyl diacetate and chimyl diacetate were used as

standards for mass calibration.
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C. RESULTS

1. Develapment of Analyticgl Procedures

NS

Platelet phospholipids consist of complex mixtures of
molecular species of diacyl, alkenylacyl and alkylacyl
‘classes. Althnuéh analysié of intact glycerophospholipid
species wculd_be desirable, no chrnadtngraphic syétem is
known that would resolve the molecular classes of an 1rtact
phospholipid. . Conventional methods of analysis involwve
modification of the phospholipid, by enzymatic hydrolysis
(phospholipase C) followed by chemical derivatization
(acetate, t-BDMS, TMS) of the 1isolated diradyl glycerol
products and quantification of the derivative by .GLC, GC/MS
or HPLC'(Renkonen, 1965, 194463 Wood and Snydgr, i?b?; Mueller
et 'al., 1983; Myher and Kuksis, 1983; El Tamer et al., 1984)
This approach is limited by the lack of broad substrate

-specif}city of the phospholipase € and the necessity of
isalating the diradylgiycerol products anq their derivatives.
Alternhtivelf,‘ acetolysis has been used for - the direct
conversiaon af phospholipids * into diglyceride acetates
(ﬁenknnen, 12465) but it has becdme apparent that plasmalogens
C;nnut withstand the severe conditiaons of this precedure, and
even in diacyl phospholipids, some changes in the positional
distribution of the fatty acids takes place (Kuksis, 1972} as
well as selective degradation of polyunsaturated fatty acids

’

(Renkonen, 19&&6; Nutter and Privett, 1966; Privett and



-

Nutter, 12&67).

We have simplified the conventicnal procedure by
replacingf¢;the phosphol ipase C hydrolysis by " chemical
methanolysis followed by acetolysis (Fig. 8): . Methanolysis
products of thé acid sensitive acyl ester and vinyl éther
linkages produces fatty acid methyl esters and
dimethylacetals, respectively, which can be extracted by
petroleum ether and quantified by GLC (Fig. 13a).

The acid-resistant saturated ether linkages in alkylacyl
phospholipids are converted by methanolysis to lysoalkyl-PA's
which dre extracted inte chloroform {Bligh-Dyer) and

derivatized by acetolysis to monoalkyl glycerol diacetates

(MAGDs) (Fig. 8) and quantified by GLC (Fig. 13b).
I.1 Standardization of Analytical Procedures

This procedure was checked for: i) efficiency of the

'methanolysis step +for formation of FAMEs and DMAs; ii)

efficiency of extraction of the lyso—PAs Ffrom the
methanolysate by chloroform (Bligh—-Dyer) and iii) optimal

conditions Ffor the acetolysis procedure.

i) Efficiency of Methanolysis Procedure for FAME and DMA

Formation

The efficiency of 'the petroleum ether extraction of the
DMAs and FAMEs and their quantification after GLC analysis

were determined, by carrying ocut the methanolysis on known
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Figure 13: Bas-Liquid Chromatographic Separation of:
A. FAMEs and DMAs after Methanolysis

B. MAGDs after Methanmolysis and Acetolysis



TIME, min

a. Sample: FAME + DMA Standards
Column: 2m, 410X SP-2330, 185 C
3 ‘ Peak Component
o 5 % No.  -FAME DMA
i 14: 0
. 2 16: 0
3 16: 0
4 16: 1
5 18: 0
3] 6 i8: 0
} 7 18; 1
B 18: 2
) 4 g 18; 3
10 20: 4
| H) \J \AJ o 10
1 1 [y § 1 L J-l‘h_ I ‘l I [l l/.l\
0 4 8 20 24 28 32 35 40
. TIME, min
b. Samhle: Hydrogenated Plasmalogen PE (brain}
18: 0 Column: 2m, 10% SP-2330, 210°C
18. 1
FAME DIACETATES
21: 0 (std) 4Xx
o | 18: 1
n
-4
20: 4
J’ 2e: b6
0 6 12 4148 24 30 36 ,4'2 48 5 60 68
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amount of mixturESabf authentic standard FAMEs (14:0, 14:0,
14:1, 18:0, 1B:1) and DMAs (1430, 18:0), followed by repeafed
(3X) extraction of the methanolysate (after addition 10% of
water) with petroleum ether and analysis by GLC after
addition of a known amount of internal standard (21:0 ME).
The results showed very goad quanti{ic;tiun-of the FAMEs and
DMAs tested as well as -goud averall reeuveries from the

methanolysis step (95.3 + 2.8 L), (Table 1).

ii) Efficiency of Extraction of Lyso—-PAs after Methanolysis

When a known amount (27.8 pafP)  of standard commercial
platelet—~activating ) faéfur (1-0-hexadecyl -2-acetyl -
phosphatidylcholine) was subjected to‘gmethanolysis and
extraction, the petréleum ether phase was found to contain
lipid-P (0.30 FgP) which was characterized by TLC as
lysoalkyl-PA. When the methanolysate was then subjected to
Bligh—-Dyer partition, a further amount o% lysoalkyl-PA (31.7
ng) was extracted. These results showed that low recoveries
of 1lysoalkyl-PA are ocbtained in the chloroform extract
{Bligh—-Dyer) of the methanolysate following' the petroleum
ether extraction (Table 2).

- In aorder to improve recovery of the lyséalkyl—PA and also
retain the FAMEs and DMAs, it was found necessary to omit the
petroleum ether extraction and to subject the methanolysate
directly to Bligh-Dyer partition (CHCls—-MeOH-Hz0, 1:1:0.9).

Using this modification, authentic Paf was subjected to
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TABLE 2: Efficiency of Extraction of Lysoalkyl-PA After Methanolysis and

After Acetolyls Using Authentic PAF

P-recovered*

Phase pegpP : TP

1) pet.ether extract of

methanolysate 27.8-+0.1— ) 47.2 * 0.2
2 . methanol-water phasse . .

after Bligh-Dyer 0.3 £ 0.2 . 0.6 £ 0.3

extraction of '

methanolysate

3) acetolysis reaction
mixture after pet. '
ether extraction 31.7 £ 2.0 53.8 + 3.4

 Total recovery . 59.8 & 2.3 ' 101.6 £ 3.9

*Totél HUgP 1n Paf used wap 58.9 = 2.0. P-determination was by the
- modified methed of B&rtlett (Kates, 1972) and performed in duplicate for

each sampla.

_ P recévered
¥ P recovered = u g x 100

gp 1n PAF

All data are corrected for approprilate blanks.

The results are the mean * deviation for duplicate sample analysis.
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methanulysis and Bligh—bygr extraction; all of the lipid-P
appearea infthe chloroform , phase (as lysoalkyl-PA, 9&4.6+
0.6%)Y and negligible amounts weré retained in the
methanoiysate (2.5%+ 0.1%) after Bllgh—Dyer‘extraction ffable
3). As a .further cheék, recovery of lysoalkyl-PA (and
subsequently MADGs) +from hydrogenated’ plasmalogen PE {(see
ﬁaterials and Methods) was estimated and found to he %94.B +

4.9 . (Table 3).

iii) Optimal Conditions for Acetolysis Procedure
In the procedure developed here, we use the same
acetolysis conditions of Renkonen (1965 (Aca20-AcH, 2:3,

ISO“C,‘ 48 hours) to make monoalkyl glycerol diacetates from
lysg.alkyl PA (see B.Il.4.iii). These conditions were checked
for complete acetolysis aof lysoalkyl-PA using two standards:
commercial Paf and partially hydrogenated plasmalogen PE. The
reaction was followed by quantification of the MAGDs
“recaovered by GLE (with 21:0 ME as internal standard) .+tor
different reaction times (Fig. 134). Acetolysis was complete
after 48 hours at 150°C. -

GL.C analysis o?‘ the Paf alkylglycerol diacetates
recovered after acetolysis and identified by comparison with
standard synthetic diacetates indicated that Paf contained
only a single alkyl chain, ﬁexgdecyl (Table 4) and was 99.5%
pure, in agreement with the manufacturer’s product analysis.

CI/MS analysis of Paf acetylosis.producﬁ‘(Appendix1 CI/MS
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Table 3t Recovery of Lysocalkyl-PA after Methanolysis and Acetolysis

of Authentic Paf and Plassalogan PE

Pat \\ . _Plassalogen PE
SBamplw o recovered®” recovered” %
MGP in saaplb\i 68.3 & 3.4 100 + 5.0 72,0 + 3.6 100 + 5.0
aquecusn phase 1.7 + 0.2 2.5 + 0.3 38.3 * 2.7 81.0 + 3.8

of asthennl ysate™

ACuiFTias Thans ‘ L - ‘
of acetoiyuabta™ 64,0 + 0.4 6.6 + 0.6 10.1 % 0.1 13.9 + 0.1
totel recovary &7.7 +

0.6 9.1 + 0.9 58.4 2.8 . 94.9 + 4.9

L 1+

- Sew Methods Section I1.65; P-dateramination by the modified method
of Bartlett (Kates, 1972). =
‘," After Bligh/ Dyer axtr.cgioﬂ'and remcval of chluru#orn.'

-

~ After pat. ether axtraction.

. r

[}

Results are the sean + d-Qiatidn for dublicatc sample analysis.



Figure 14:
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>

Rate of Acetolysis Reaction after Methanolysis

for W) Paf and b) Partially Hydrogenated
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TABLE 4: Recovery of Monocalkylglycerol Diacetates From Synthetic PAF and

and Partially Hydrogenated Plasmalogen-PR*

PAF Plasmalogen-PE
 Chain _  moles T nmole/nmole PE " “moles X
X 100,
16:0 99.5 + 0.1 4.7 £ 0.9 31.8% 6.1°
18:0 . n.d,*# 8.6 £ .1.7 58.1 t 11.5
1821 ' f n.d,** 1.5 £ 0.3 10.1 £ 2.0
Total recovery 99.5 t 0.1 14.8 £ 2.9 100.0 + 19.6

I\

*After methanolysis [0.6M methanoi—HC1, 70-80°C, 1-2 hours], acetolysis
[HAc:Acy0 (3:2), 150°C, 48 hours], and anslysis of FAMEs, DMAs + MADGs
by GLC with 21:0 ME internal standard.

*#n,d., not detected,

-~

The results are the mean * deviation of duplicate sample analysis.
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-2) showed a parent ion peak [MH*1 with m/z 401 [CaxxHaals +
H*], corresponding ‘ to hexadecyl glycerol diacetate,
(Appendix, CI/MS—1). and a base peak at m/z 341 [CziHao0Ds*1
ccrrespundind to [MH* - acetic acidl. Other ion peaks: wére
observed as follows: m/z 297 [EisH3>0="1 due gc a loss of
acetic acid from m/z 341; and 280 [CieH340"1 due to the loss
of two molecules of acetic acid from- fHH*]; m/z 159
[CrH;3 1041 corresponds toc the glycerol backbone with its two
-acetyl groups intact. This pattern of fragmentation agrees.
with that reported by Jost (1974) and Rock and Snyder (19795)
for chimyl diacetate.

Analysis of the partially hydrogenated PE indicated its
saturated ether cumponenﬁs were hexadecyl, octadecyl and
octadecenyl and the total alkylaé}lk“comﬁdéitEQnA was 135%
(Table 35). CI/MS analysis was more complicated as FAMEs and
Dﬂﬁs peaks were also present; however, the molecular ions for

i

_16:0,/18:1 and 18:1.diacetates [MH*] at 401, 4&9 andf'427,
:repéctively, were observéd (Appendix , CI/MS-3).

Molecul ar class composition of plasmalogen PE was
. determined by gquantification of tﬁe FAMEs and DHAS atter
methanolysisA and MAGDs after acetolysis by BGLC using an
internal standard, 21:0ME. Each mole of methyl ester was
taken to represent 1 mole of 1-0O-alkyl-2-acyl—, 1 mole of
1—ui§1k—1'—ény1-2—acy1—, or 0.5 mole’ of 1,2 -diacyl of
phospholipid. The plasmalogen PE contained &B% diacyl, 7%

alk—-1’'—-enylacyl and 15% alkylacyl with about %0% recovery of
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TABLE 5: Analysis of Molecular Classes of Partially

Hydrogenated Plasmalogen—PE*

!
AN
Molecular class © moles X%
Diacyl - 67.7 5.1 .
Alkenylacyl ' ' ' 6.7t 3.5
Alkylacyl _ 14.8 £ 2.9
Total recovery ) 89.2 11.5

#After methanolysis and 48 hour acetolysis at 150°C (ses Table 4). \

" #*Caleoulated as follows: . SN

: . T moles FAME - I moles DMA -.r moles MAGD
moles % Diacyl = -

X 100
2 X moles PE .

moles % Alkenylacyl = [ moles DMA / moles PE] x 100
moles % Alkylacyl = [r moles MAGDs / moles PE] x 100.
moles PL is calculated from determination of lipid-P.

The values are the mean t deviation for duplicate analysis.



the total phosphate which is quite acceptable (Table 3). On
the basis of these results, the following procedure was

proposed for analygﬁs of the platelet phospholipid molecular

class composition.
1.2 Outline of Final Analytical Procedure

As summar i sed in Figure 12, the #final Aanalytical
procedure involves preliminary s;paratiun of total 1lipids
(obtained by Bligh-Dyer extraction of platelets) into the
major phospolipid components (Sph, PI, PS, PE and PC)} by
preparative TLC in solvent system chloroform: methanol:
ammanium hydroxidé: water (70:30:4:1). Total lipids or gach
igolated component (PC and PE) are subjected toimethanolysis
followed by Bligh-Dyer extraction and subsequent acetolysis

and petroleum ether extraction as detailed in the Methods

section.
II. Application to Fresh Resting Platelets

The method summarized above (see Fig. 12) was applied
to the‘anélysis of lipids of fresh resting platelets and the
results compared to previously reported analysés.< The majar
phospholipid components identified by. analytical TLC usjng
different solvent systens, various- spray .feagents ?nd

comparison with phospholipid standards were: Sph, PI, PS5, PC

and PE (Fig. 15 , Table &6).

-
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Figure 15: Analytical TLC of Platelet Phospholipid
Fractions

solvent system: CHCls:CHasDH:NH40OH:H=0 (70/30/4/1) with

one development.

"
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,Trace'c amounts of lyso compounds neré observed after
preparative plate elution of phospholipid from the siiica gel
(Table &4). The acid solvent system (chloroform:methanol:
acetic acid:water) resolved thé phospholipids, with PS and PI
running high and well separated from the other 1lipids;
however, the vyields of PC and PE  plasmalogen after
preparative TLC and elution were low. . The basic solvent
s?stem (chloroform/ methanol/ ammonium hydroxide/ water,
70:30:4:1) with doublel development separated the PC an& FE
from the other major phospholipids (Fig.r 159) and resulted in
better plasmalogen recaveries as indicated by analytical TLC
of the PC and PE separated components. Thé Eésic solvent was

then wused routinely to avoid breakdown of plasmalogen forms.

‘

The staining characteristics and TLC meobilities of the-
different phospholipid components are summarised in Table &.

The phpspholipid compositon of fresh platelets was based
aon phaosphorus deteéminaticn- of cumpohents 'separated - by.
preparative TLC in the basic solvent system (Table 7). The
major phospholipid classes were PC (38%), PE (32%) and
sphingamyelin, Fl and PS (304 combined}). These findings are
in close agreement with previous reports on phospholipid
composition of human platelets (Cohen and Derksen, 19693
Bruekmap et al., 19803 Mahadevappa and Holub, 1982; Mueller
et al., 1983).

The molecular - class composition of PC and PE ‘(see Table

7} was determined by the method outlined in Figure 12, as
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TABLE 7: Phoapholipid'Co-poaition of Fresh Resting Platelets

% Total PL
present Mueller et al. 1983 Mahadevappa
component study (n=3) and Holub,
1982
(n =4)

SPH + PI + PS 29.3 £ 1.3% 32.9 % 4.1 32,4 £ 1.4

PC - 38.2 % 2.7% 38.0 £ 1.6 38.3 t 0.9
diacyl 85.8 + 2.0 81.8 £ 2.6 -
alkylacyl 10.4 + 1.0P 9% 0.3 -
alkenylacyl 1.4 £ 0.4 (1.0.7)° 8.8 % 2.4 -

PE 32.2 + 1.3% 25.3 £ 1.8 29.4 % 1.4
diacyl - 59.7 + 2.0 36.1 £ 0.3 -
alkylacyl 8.0 = 0.4 3.5 £ 0.1 -
alkenylacyl 27.4 + 1.5° (24.5%3.2)¢ 60.0 -

&Phospholipids were separated by TLC and quantified by P-analysis as

described in Materlals and Methods. Results are the mean * deviation

for. duplicate analysis.

bQuantified by GLC method as described and expressed as % of individual PL

i

component PC or PE respectively. The values represent mean * atandard

deviation for triplicate énalysis.

CAlkenylacyl content as determined by I, addition method described in

Material and Methods. The values are the mean * deviation for duplicate

analysis,

All samples were from one pcol of platelets.
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detailed above for the standard plasmalogen FPE. The PC
fraction was found to contain B&% diacyl, 10% alkylacyl én.

1.4% alkenylacyl classes. PE contained a larger amount (27%)

-

o

alkenylacyl, and. lesser amount of alkylacyl (8.0%Z) and mainly
diacyl (60%) classes. These molecular class compaositions
generally agree with uthek studies, although Mueller et
al. (1983) report highef amounts of plasmaloggn in PE (&07).
However, the plasmalbgen content in PE has been reparted to
rangé from 3I0-60% (Horrocks, 1972; Hurrnqgs and Shar#é,
1982). .

The fatty acid, alkyl and alkenfl chain distribution of

platelet PC and PE are shown in Tables 8 and 9, respectively.

[ .

The major fatty acid residues in both PE and PC were 1&:0,
18:0, 18:1, 18:2 andr 20:4 in agreement with previgﬁs
repaorts (Horrocks, 1972; Horrocks and Sharma, 1982;
gahadevappa and Holup, 1982; Mueller et al., 1983; Skeaf and
Hcluﬁ, 1985).

The alkyl ether chains of PC consisted mainly of 16:0,
18:0 and 18:1 with smaller amounts of 14:0 and 20:0 (Table
8). This again agrees with Mueller et al. l(1983)' who also
found that 16:0, 18:0 and 18:1 were the major alkyl chains in
platelet -PC. -In the PE fractions, the alkyl ether chains
range from 14:0 to 18:2 (Table 9). The major chains were
i4:0, 14:1 and 18:2 with very low amounts of 16:0 and 18:0.
There were no literature values for comparisan. . -

Analysis aof théhalkenyl chain distribution of the PC

J
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| TABLE 8: Fatty Acid, Alkenyl and Alkyl Ether Composition of

Phosphatidylcholine in Fresh Eusan Plateletes

Mueller et alss

Present

Chain

Mahadevappa

1983

Study

and Holub,
1982

mol %

Fatty Aclid Methyl Estera

------
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not determined,‘

n.d.

>

e
The results are the mean = standard deviation for triplicate analysis,

All

 samples were from one pool of platelets,
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~TABLE 9: Fatty Acid, Alkenyl and Alkyl Ether Chain Compoaition
of Phosphatidyl Ethanolamine in Fresh Human Platolets

Chajn Present Mueller et al. Mahadevappa and
atudy . 1983 Holub, 1982

mol X

Fatty Acld Methyl Esters

P
LoD WD

: 0.4 ¢ 0.1 0.2 t 0.2 -
16:0 7.0 = 0.7 3.9 0.9 8.5 + 0.7
1621 0.7 % 0.4 0.6 * 0.2 -
18:0 17.0 £ 1.2 13.8 + 2.3 7 20.5 = 0.7
18:1 . 9.0 % 0.9 7.5 t 0.6 11.3 = 0.7
18:2 5.7 t 0.5 2.4 t 0.4 3.3 £ Q.2
20:0 0.6 £ 0.1 0.37 t 0.2 0.8 £ 0.3
20:1 . 0.5 ¢ 0.1 0.44 t 0.2 -
20:3 &BfOJ 0.78 % 0.2 -
20:4 47.0 & 3.4 52.8 t 5.0 43.6 £ 1.6
2214 4.8 £ 2.0 “ 8.4 t 0.8 6.7 £.0.2
22:5 4.7 £ 0.5 5.2 t 0.9 2.7 t 0.1
22:6 2.1 % 0.9 2.6 £ 0.5 2.5 + 0.5
other 1.0 \ -
ALXKYL, ETHER (AS MAGDs)

14:0 26.7 + 2.4 n.d. n.d.
1411 29.0 * 3.6
16:0 6.6 £ 1.0
18:0 12.7 £ 2.0
18:2 25.0 £ 2.5

ALXRNYL, ETHERS (AS DMAs)
16:0 25.0 £ 0.9 27.6 32.1 t 4
18:0 56.0 + 1.6 40.5 5,.9 t §
18:1 17.4 + 3.1 30.2 13.0 £ 2
18:2 - 1.7 -
2.d.  not determined. - A

The results are the mean % standard deviation for triplicate analysis.

All samples were from one pool of platelets,

.
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18:0 (Table B). . ueller et al. {1983) have reported 18:0

indicated that m;iijﬁ/ were only two major chains, 14:0 and
(52%) and T6:0 (34%) as major chains with 18:1 and 18:2 as
minor components. PE alkenyl chain coﬁpcsition was in
agreement with publishedﬂresults: 18:0 (56%), 16:0 (277) and
18:1 (17%4) (Table 9). GLC analysis of tﬁe DMAs extracted
after alkaline hydrolysis of FAME and DMA mixtures indicated

that these indeed were the major 'aldehyde chains in PC and

‘PE. There was no averlap in retention times of FAMEs with

DMASs.

Al thoygh fatty acyl residues show litéle variability from
study to study, there seems to be more variability in the
ethe} ‘chain compoéitimn {Tables 8 and ?. The causes of

variability in the ether chain composition are unknown.

I111. Effect of Btorage on Platelets

. —
Platelets are routinely stored as platelet-rich plasma in

PL 732 bags at 22°C for up tao five days during which they
retain their therapeutic effectiveness. There are however
changes in platelet response to certain single stimuli ‘with
no alteratiun, to the gplatelet synergistic pairs of stimuli.
In this section, the effect of storage on platelet. function
and oan the éomposition of specifiE components such as

éholesterdl and phaospholipids will he presented.

1
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ITI.1 Platelet Function

Platelet function was measured by its ability ¢to
aggregate in response to certain specific stimuli and the
results are presented in the form of a synograph (Fig. 14).
The percentage aggregation isi expressed as the radial
distance fram the center along the spoke corresponding to the
stimu}us under study (Fig. 18). The synagraph, prepared for
freshly collected platelets and after 72 and 120 hours of
storage, indicates that platelet response to all single
stimulus tested decreased considerably with the exception of
calcium ionophore. The syneﬁbisti& effect of these activataors

however was not affected (Rock et al., 1985; Adams et al.,

19856} .

o

I11.2 Total Lipid Composition

. T&tal lipid ext;écted by the Bligh-Dyer procedure
remained constant (0.44 m@mg 1lipid dry weight/10® cells).
Preliminary studiegv‘by analytical TLC (figﬁre 17) indicated
that there were no qualitative changes in the proportions  of
lipid components observed with storage time.

Study of the cholesteral content (Table 10) indicated
that there were no signif;cant changes in cholesteral content
or cholesterol: phnspholipid mole ratio in the total lipids

during storage. Total phospholipid content also shaws no

significant change on storage. The cholesterol to

»
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Figure 16: Synographs of the Effect d¥ Storage on
Platelet Aggregation by Various Stimulants
The percentage aggregation is exﬁreséed as the
radial distance from the center along the. sbo?e
corresponding -to the stimulus uwader study:. E,
epinephrine; C, collagen; b, ADP; A, arachidonic acid; I,

ionophore or pairs of these stimulants at the stated

concectrations (see methods). Platelets were fresh or

stored at 22eC for 72 and 120 hours in Fenwal PL 732

blood bags at a concentration of 108 cells/ ml. ‘
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Figure 17: Analytical TLC of the Effect of Storage

and BHT on Platelet Phospholipids

1. PE standard
2. PC standard ;'
3. SPH standard

. P1/PS standards

S. Fresh Platelets (Day O)
6. Day 3 of Storage

7. Day 3 of Storage with BHT
8. Day 5 of Storage

?. Day 35 of Storage with BHT

Solvent System CHCle:CHsOH:NHADH:Ha0 (70/30/4/1) with

double, devel cpment
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Table 101 Effect of Storage on Platelet Lipid Components

Storage timms, Weight % of Total Lipid mole ratio of

days _ cholesterol:
Phospholipid* Cholesterol phospholipid ==

0 ' 67.5 + 2.9  _ 13.2 + 0.6 0.40 + 0.02

3 63.3 + 2.3 10.8 + 0.7 " 0.34 + 0.03

5 62.5 + 1.9 10.9 + 0.4 0.35 + 0.02

«

Values given are sean * deviation for duplicate samples.

- w-iﬁht %L phospholipid was calculated assuming an average

molecular waeight of phospholipid, 800.

mole ratio of cholestercl to phospholipid is calculated as

-follows:

wt. %4 cholesterol 800
mole ratio = X
wt. X phospholipid 384

(800 = average PL molecular weightj SBQ\f molecular weight of

“\

cholesterol). o . o

All smsamples were from one poocl of platelets.

X3



‘phospholipid mole ratioc (0.34-0.40) was lower than the value

(0.9) previously reported (Table 10).

-I11.3 Phospholipid Composition

The major phospholipid components of‘{resh platelets were
PC (38.2%), PE (32.2%) and Sph/FI/PS (29.8% cambined)‘ {(Table
11)..There were nao significant changes observed as a result of
storage, the proportions of the phaospholipids remaining
constant within experimental error.

The molecul ar class‘compnsitinns determined as described
above are summarized in Table 12. Overall, the total lipids
o+f fresh platelets contained mainly 70% diacyl, @9.35%
alkenylacyl aed 8.3%4 alkylacyl phosphelipid class compositian
and no significant changes_yere observed aon storage.

For the individual PC cumpongnt, the alkylacyl content
significantly decreased after 3 day§'0+ storage frdm 10.4% to
6.7%, then remaining coﬁggght upto five days. In contrast, no
significant changes were noted. faor the diacyl aor the
alkenylacyl classes of PC (Table 12).

Furthermore, this trend was also observed in the isclated
FE fraction: na changes in either -the diacyf ér. the

.alkenylacyl composition were seenjy again a decrease in the
alkylacyl composition was noted. 1In this case, the decrease

in three days was more dramatic (from 8% to 3 %) representing

a &62% decrease and persisted for up to five days aof storage
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TABLE 11: Effect of Storage on Platelet Phospholipld Composition

¥

e

Storags  Sph/PI/PS* PC* PE*
time
nmol/100mg moles T nmol/100mg moles T nmol/100mg moles X

days lipid _ 1ipid . 1ipid

0 22.0*1,0 29,6 1.3 28.4 %2.0 38.2+2.7 23.9%1.0 32.2 1.3
. 3 R23.31.0 29.0+ 1.3 32.2 £1.0 AQ.B 1.3 24.6 1.0 30.7 1.2

5 18.6 £ 1,0 26,9 £ 1.4 27.3 1.0 39.4 1.4 23.3 1.0 33.7 1.4

*Based on P-determination by the modified method of Bartlett, (Eates,. 1972).
The results are the mean * deviation for triplicate analysis. All samples

were from one pool of platelets.

4

—— =

5
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Table 123 Effect of Storage on the Molecular Classes of Platelet

Phospholipids |

{

Storage mOlug X* Total
time, ' . Recovery
days Diacyl ﬁlkunylacyl Alkylacyl

Total Lipids [’
o 69.6 £ 2.3 (5711 9.5 + 1.2 (89) 9.3 + 1.2 (78) B7.4 + 4.7
3 78.3 + 5.1 (544) 10.1 *+ 1.2 (B8) 6.6 + 1.5 (52) 95.0 + 7.8
s 73.8 + 6.8 (569) 10.7 + 1.0 (73) 8.3 + 0.9 (61) 92.8 + 8.7

."'L *
: PC
0 85.8 + 2.0 1.4 + 0.4 10.4 + 1.0 7.6 + 3.4
3 86.2 + 4.1 1.8 + 0.4 5.7 + 1.1%% 94.7 + 5.6
<
5 82.0 + 4.0 2.5 + 0.5 7.0 + 1,4%= 1.5 + 5.9
PE .

0 S59.7 + 2.0 27.4 + 1.5 8.0 + 1.4 98.2 + 4.9
3 59.5 + 5.0 30.5 + 3.0 3.0 + 1.0~ 93.0 + 9.0
S Sh.6 + 5.0 25.2 + 1.4 + 1.0=" 85.4 + 7.4

-~

* mol 4 data calculated in terms of soles phospholipid phosphorus as

in Table 3.

% significantly different fraom day 0 valuas at p< 0.035,
* data in parentheses are valuss in nmol/mg total lipid.

Results are the mssan + standard deviation for triplicate

analysis.

All samples were from one platelet pool.




(Table 12). . ' y

Fast—atom bombardment mass spectrometry (FAB/MS) was used®
to study the molecular specieg of isnlatea FC .and PE. PC
contained major molecular species with protonated parent ions

[MH*] héving m/fz 782, 760 and 758 (Table 13) corresponding to

diacyl malecular species with palmitate at the sn—-1 carbon,

and arachidonate, oleate or linoleate, respectively, at the
sn—2 carbon. Other parent ions easily identified included

species with m/z 810 (18:0-20:4),/.788 (18:0-18:1) and 786
(18:0-18:2) (Appendix, FAB/MS5-4; Tabkle 13). )
In addition. the FAB/ MS of the PC component (Table %3)
showed protonated molecular ion [MH+]1 peaks for ™ Paf at wm/z
5924, 522,6‘552 and 550 corresponding to ether linkeq
hexadecyl, hexadecenyl, octadecyl and octadecenyl groups at
the sn-i-glyceral position and acetate at sn—z—glycerci
pasition. The fragmentation pattern Df-thise compounds were
compared with authentic Paf (hexadecyl) standard. An abundant
molecular ion aﬁpeared at m/z 524 {(Appendix, FAB/MS-3). This
prbtnnated malecular ion appears to lose‘hydrngen (m/z 922),
the elements aof ketene (m/z. 482) and acetate with proton
transfer {m/z 4&4). The fragmentation -pattern observed
indicated thét preformed Paf molecules are present in thé
platelet 1lipids (Appendix, FAB/MS-4). The fragmentatiodn
'pattern _ seen for standard Paf 1is consistant with other

reparts (Clay et al., 1984).

FAB/MS of platelet PE (Table 14, -Appendix, FAB/MS-5)
' £
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Table 13: Analysis of Fresh Platelet Phosphatidylcholine

Molecular Species by FAB/MS

Molecul ar

Assignmant L Arxa
Clans [(MH+]  (gn—-1/3n—2) Modi fied” B Saiad
Diacyl
734 16:10/1610 - 7.3 3.7
796 16:0/18:3 S.1 4.0
758 1630/18:12 23I.5 18.2
7460 163071811 &0.9 47.2
762 16:10/18:0 7.5 3.8
782 1610/20: 4 17.5 13.6
784 18:0/18:133 146:10/201 3 7.4 3.7
786 18:0/1B:2 10.6 8.2
788 18:0/1811 20.0 3.8
oy
808 18:1/2014 4.9 3.8
810 18:0/201 4 7.6 7.4
812 1810/20:3 1.5 1.2

.Alkenylacyl (P) or

7446
< 772

774
794

Paf Analoques

522
3524

5952

Alkylacyl (A)
1610/1810 (A)
1810/1811 (A)

1810/1810 (&)
18:10/20:3 (A)

1.9

181071810 (P); 18:0/18:1(A) 1.4
3

3

1611 /acutate
16:0/acetate
181 1/acetate
1821 0/acetate

~

* Data from sass spectrometer print-out (appendix, FAB/MS-4)

given as %L of peak with maxieus intensity.

“* Data expressed as % of the total peak intensities ([MH+]

734-812).

Results are based on a single analysis.
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Table 14: Analysis of Fresh Platelet Phosphatidylethanolaaine

- Molecular Species by FAB/MS

Molecul ar Asailgnment ‘ r A
Class EH+l (an-1/an—-2) 1 2
Diacyl
718 16:1/718105 1610/18:11 - 1.2
- 722 1821716812 ‘ - 1.2
740 1468 0/20:1 4 o . - 3.9
742 156:30/20:13 -~ 1.9
744 16:10/2032 2.6 5.3
748 1610720103 18:10/1810 = 1.1
u—../ )
7 1B11/203143 1611/22:14 10.0 2.3
748 1810/201 4 c28.4 18.9
769 = 4.2 -
770 18:10/20:1 3 . - 1.4
T 794 1811/2216 - 3.7
795 - 1.4
796 18:10/22:b63 16811/2215 - 1.5
810 18:10/221 S -~ 1.1
Alkenylacyl (P) or Alkylacyl (A)
724 1610/2014(P) 8.9 8.4
725 2.8 2.7
750 1811/2014(P) 8.7 -
A ' 751 10.0 20.9
~T32 1B810/2014(P); 1B8:11/2014(A) 11.4& -
753 o - 2.4
754 1810/2013(P); 1810/2014(AY 2.7 2.4
776 1B:0/2216(P)3 1B11/22:13(P) - 2.2
778 1B1O/22:185(P); 181 /2214(P) 3.3 S.1
18:10/2216(A) 3 1B11/2215(R)
. 779 - 1.3
780 168:10/2234(P) 3.2 S5.2
782 18:10/22:3(P); 1810/2214(A) - 1.4

L
Rl

© Data expressed as % of total peak intensities ((MH+] 718- B10)

(Appandix, FAB/MS-35); shown are two analyses of the same sasple.

-

.
s/
{
.
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demonstrated an abundance of alkenylacyl or plasmalogen class
including major prbtonated parent ions at m/z 724, 730 and
752 orresponding to arachidonate at the sn—-2 carbon and
16:0, 18:1 and 18:0 alkenyl chains, respectively, at the sn—1
carbon. Longer polyunsatyrated fatty acid chains were also
observed with the alkenyl chains; for example, m/z 778, and
780 represented parent ions with 22:4 at the sn-2 position

3 ‘
and 18:0 or 18:1 alkenyl chains, respectively, at the sn-1

carbon.
Fredominant diacyl molecular species of the PE (Table 14)
consisted of arachidonate at the sn-2 carbon and palmitate

(m/z 74Q), stearate (m/z 768) or oleate (m/z 766) at the sn-1

carbon.

Previous studies by Gross (1984, 1985) indicated that
diacyl, bkut not alkenylécyl undergoes a facile loss of

ethanclamine phaosphate after ionization and desorption from

the glycgzgi/_gatrix. Therefore, quantificaton of the
molecula species based on the relative intensities of the

parent ioRs would be incorregtt as the relative intensities
would not\accurately reflect their relative abundance due to
dxfference in the rate of unimolecular decomposition of

although the gajor [MH*] ion peaks present in choline or

ionized pl i:flngen and diacyl phospholipids. In addition,
ethanolaﬁ}ﬁe phospholipids in a given sample were
reproducibly identified, the relative intensities of peaks an

repliifte spectra of the same sample could differ by about



o

e

15%4Z. The presence of sodi ated parent ions could also lead to
substantial errors in quaﬁtifying éhe relati;e abundance of
phaospholipid molecular species. Therefore, results ) of
fast-atom bombardment mass spectrometry of ccﬁplgx mixtures
should be considered only as semi-gquantitative. BLC data,
being more reproducible was used far quanéitative analysis aof
molecular species of platelet PC and PE (see Tables 15-17)
GLC analysis of platelet PC and PE FAMEs, DMAs and MAGDs

carraborated th? molecular species identified by FAB/MS. The
major fatty acids iﬁ PC from fresh platelets were palmitate
(27.1%4) ,  stearate (15*), oleate (23%) and arachidonate
(19%). This prafile showed no signi%icant chandh\with storage
time except for a minor decrease in arachidonic acid (Table
15). The predominant vinyl ether linked chains were palmityl
and stearyl aldehydes in the mole ratio 4.7:1. The proportion
of 16:0 to 18:0 aldehyde chains decreased with storage time
aﬁd remained at about 1:1 after 5 days of storage. The alkyl

ether , linked groups were composed mainly of 16:0, 18:0 and

18:1. The ' proportions of these chains did not vary

- significantly with storage time (Table 15).

The results of GLC analysis of .platelet PE FAMEs, DMAs
and MAGDs are summarised in Table 1&4. Arachidonate and
stearate are the major fatty acid chains; .as with the PC
component there 'were no significant changes o©hserved on
staorage. The alkenyl chains were primarily aof 18B:0, with

smaller amounts of 16:0 and 18:1. The proportions of these

Y
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TABLE 153 Effect of Storage on the Fatty Acid (FAME), Alkenyl

(DMA) and Alkyl Ether {MAGD) Components of PC

Day 0

“Day 5°

Day 3

Chain -

moles X

(Fresh)

Type

FAME

355ﬁ~355623
0000000000
HAHHHAHAHHHHHA
QoL neqnag

1-%1}.4691116

20790}11463
0000000000
HHHHHHAHHHHH
80.4:42/49672

O O n,1.n4,o
o — 0N

D~~~ O8O ~F ~3 D ~F
CNGCrerOO0O~
HHHHHHHHHHA
O ™= 0 00N 020 1

1714%91128

00101201314

% ®Be 84 B IS BE SR &P
4668880000
e e e NN

>

DMA

N o
-
H H
B

O ~—
he- VN

-
- -
H H
-~

|3
[¥a

92516.

3201.41
HHHHH
06389

7080....4
— NN N

859140/

0001.1.‘

HHHHH
[aadisaW-c I o

N

MmN

0502
1030
HHHH I
MDD My
R

0 O~ ™
— 0NN KN

2.3 + 2.3

The results are the mean * standard deviation for triplicate analysis.

All

samples were from one pool of platelets,
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TABLE 163 Effect of Storage on the Fatty Acid (FAME), Alkenyl

(DMA) and Alkyl Ether (MAGD) Components of PE

Day 5

Day 3

Day O

Chain

moles %

{Fresh)

Type

FAME

oy
082303332516

000200000200

HHHHHAHHAHHHAHHH

686269896919
.

L]
nu:JnquAU9~nunv1.7~1.:/

2.4 £ 0.2

14142011020213
00000000010000
iiiiiiiiiiiiii
677550-65997958

050674000”@.0642

171&.2951114 QO wn O
L] L

0001000003 200-

HHHHAHAHHHH I HHH

4070076580 I~ —

. = =
0707950007 ~3 -~
OO~ O r=rNO~M~FN~FWND
Sk 59 S8 9 #0 BE S8 BR A% 4 MF B wE wp
O VDVDOUDOOOONNNN
Trr e e N NN N NN N

DMA

N 0
4N -
HHH
o ~n
[ ] - L]

N O I~

My —

OOy
L] L] *

o NN N
H H H
o~ D
® 8 .
o M oo
N Wy

oD v
L] - L]
O r—m

T HHH

OO -3
L] L]

Ny —

MAGD

W Oy
S0 G
HHH
82:._”

38.7 £ 7.0

oA

781516
020021
HHHHHAH
963305
718704

oo O 0"
- & 8 LI
N NN
H-HH | HH
- OO -~ O
L] * L]

o N — N
4
OO~ 0ON
"3 *F e B0 M 20
~3 -0 0 ) W
- T T e

All

The results are the mean * standard deviation for triplicate analysis.

samples were from one pool of platelets,

KN
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TABLE 17; Effect of Storage on Fatty Acid (FAME) Alkenyl

(DMA) and Alkyl EBthar (MAGD) Component of Total Lipids

Day O

Day 5

Day 3

. Chain

(Frésh)_

mole I

Type

FAME

4311112382

C0000O~06 O
HHHHHHAHHHH
DN Oy N OOy

876001..021.4!

_

tr
13.9 £ 0.1
tr

O N N M0
6000 r0oro
HHHHHHHHAHH
Bt OO Y NN

14.2 £ 1.3
tr

o

62111124}43

0000001000
HHHHHHHHHH
0002041126

9861119321

I
45

tr
15.2 + 1.2

8760019211‘

DMA

~F0
S - -
H H H
315

0..45
™My Dy -

:.428
032
H H H
o™ O~ 0
. s o

o MO
Ny -

8.401
220
H H H
™ — O
. %o

— Wy
[ARTR ST o

MAGD

0o~ O T
NGO N
HHHHAHH I
0201&.53
21791&.8

M —

OO e D
102321u0
HHHHHHH
9199962
928/01/03

Ne =

0000769
3222100
HHHHHHH
@ Q500

Ny = O My~
MO~ o

The results are the mean + standard deviation f£ér triplicéte analysis,

All

samples were from one pool of platelets.



chains did not show an;‘altergginn with storage time. The
alkyl 1linked chains demonstrated a wider ‘range of chain
lengths and a varying profiler

The fresh platelet PE contained mainly 14:0, 14:1 and 18:1
and 18:2 alkyl groups. After five days of storage, there were
higher proportions of 146:0 and 18:0 alkyl chains, but the
overall proportion of alkylacyl class had decreased (Table
12).

Analysis of total 1lipids also showed no significant
changes in its fatty acid, alken;l or alkyl chain components
with storage time (Table 17), indicating that none of the
ether phosholipid components have undergone changes during

storage.



D. DISCUSSION

I. Errors and Limitations of Procedure

~

The method developed in this study was effective far the
analysis” of platelet samples with an overall reproducibility
d;-i 11 % for molecular class composition of triplicate
samples. This error can be accounted for in the GLC analysis
where the error can vary from + 2 to + 20 % depending on the
chain type and its proportiunﬂ {Table 12). The +following

errors and consequent assumptions are involved in the GLC

-

analysis.
1.1 Peak Area Errors

The method of Carroll (19&61) which was used to measure
the GLC péak areas of FAMEs, DMAs and MAGDs is based on the
assumption that peaks obtained closely approximate a Baussian
distribution curve. Carroll ‘s methad is rapid and convenient,
allowing for analysis of large numbers of samples within a
reasonable acceptable range of error. The probable error
inherent in Carroll’'s method is + 1.5 to + 2.0%Z (Carroll,
1961); in addition, errors of + 0.5 to 1.0% may be introduced
through errars of measurement of peak height, and retention
time \\iving an overall error range of + 2.0 to + 3.0%
(absolute). Consequently, only changes fn proportions of
major components of FAMEs, DMAs and MAGDs that are > 4% were

considered significant in the present studies. Absolute



-

values and changes reported for mihor components ( <4%4 )
cannot be regarded as significant, and therefore will not be

considered in the discussion. ’

I.2 Error in Internal Standard

The internal standard 21:0 ME was chosen because its
retention time does not overlap‘with major FAME, DMA or MAGD
peaks. In addition, its retention time falls in the middle of
the chart; therefore, the internal standard is easily
identified in the higﬁér temperature analyses as well as the
low temperature analysis.

However, several assumpglnné were made in calculating the
mol4 of the peaks. It was assumed that there is a direct
correlation of the weight of the internal standard FAME to
the area of its peak and ihat this correlation applies
equally to saturated and unsaturated FAMEs, DMAs and MAGDs.
The responsq*P{ the flame—ionization detector is propurtiunal
_tnrthe mass or weight of the component and may differ for
each of these chain types. . Calibration with known amounts of
each chain type should be carried out and correction factors

calculated as follows:

Area of chain type peak x mg chain tvype

Area of internal standard mg internal standard

For example, calibration with known amounts of DMA gave a

factor of 0.91 + 0.10. Thus, use of 21:0 ME as internal

standard resulted in the following errors for analysis of
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saturatea FAMEs 2%, uqsaturated FAMEs 5%, DMAs 10%, and MAGDs
12%. ‘

Summation of.all these errors gave an overall error 11%,
14% and 16% for each molecular class of diacyl, alkenylacyl
and alkylacyl respectively with a range of + 2.0 to + 20 %
(average + 11 %) observed (Table 12). However tor the total
recoveries, the average error was + S i, agreeing well with

that of the major molecular class of each phospholipid,

namely, the diacyl class.

I.3 DMA Formation

A}

DMAs are easy to prepare in quantitative yield from
aldehydes (Gray, 196%9) and are well resolved from FAMEs under
the GLC conditions already described. DMAs may fecompose to
form alk-1-enyl methyl esters if aluminium columns or
stationary phase containing acid are used in the gas
chromatograph (Mahadevan, 1971). However if glass columns are
used . with packing materials that contain catalyst—-free
materials, then artifact_formation is negligible and acetal
derivatives are Fecnmmended for analysis of aldehydes (Gray,
1976). To check ¥ur~any breakdown of DMAs during GLC, the
amount of alkenyl ether lipid was also quantified by iodine
assay. DHA—quantification by GLC was in agreement (< 2.9%)

with the colorimetric assay of vinyl ether determination

using the iodine addition method (see B.II.S5.ii), (Table 7).

—
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II. Application of Results of Present Study of Whole

Platelet Lipids to Plasma Membrane Lipids

Studies by Skeaf and Holub (1983) and Broekman et alg,
{1980) indicate that the phnspholipid changes observed dﬁring
activatiqn are detectable in phospholipids of the whole cell
lysate. In their studies the fatty acid and alkenyl
composition of whole cell 1lysate PC and PE and isolated
membrane PC and PE were shown to be identical. Therefare,
results of the studies Df' the changes in phaospholipid
composition in whole cell 1lysates would reflect changes in

the plasma membrane phosﬁg;lipid composition.
II1. EFFECTS OF STORAGE ON PLATELETS
III.1 Platelet Function

Storage of human platelet concentrates at 22°C with
agitation in PL 732 bags resulted in the virtual
disappearance of platelet respanse to single stimuli,

including epinephrine, collagen, ADP, and arachidonic acid,

with the exception of calcium ionophore (Fig. 14). Calcium
ionophore may indeed he the’ common intracellular trigger for

platelet activation by various agents {(Berrard et al., 1981;

Rittenhouse, 1982).

’

The synergistic response by stored platelets using pairs

of activating agents studied, produce narmal platelet

aggregatinn and release responses (DiMinno et al., 1983). The



stored ‘platelets when transfused into thrdmbncytopenic

patients function normally in vivg (Adams et al., 1986).

I1I.2 Lipid Composition

No change in chn%esternl conceﬁtratién or its mole ratio
to phasphaolipid was observed ;n storage of platelets. 1In
addition, there was no change in prapprtiuns af platelet
lipid components and no breakdown of phospholipid components
into lyso compounds or oxidation of pol yansaturated or
aldehyde linkages (Tables 10 — 17). These results all support
the conclusion that_the platelet lipid compasition does not
undergo changes on storage up to five days. This conclusion
may alsa be applicable to the pl%sma membrane lipids (see

preceding section D. II.)
III.3 Preformed Paf

FAB/MS studies of isolated PC indicate the presence of
Paf molecules with alkyl chains of 16:6, 16:1, 18:0 and 18:1
(Table 13). The presence of these intact molecules of Paf in
fresh resting platelets s;ggest the existence of a pool of
preformed Paf in the platele@. Others (Benveniste et al.,

1977; Camussi et al., 1983) have reported that Paf is not a

prefaormed mediator as mechanical disruption of cells did not

"7 induce Paf release. Other than through the FAB/MS analysis,

our metheod of study did not distinguish Paf molecules from

Dthet'PC analogues. New methods involving mass spectrometry

"
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are- being developed to quantify Paf in phospholipid‘

mixtures (Clay et al., 1984; Varenne et al., 1985).
I1I1.4 Q@uantification of Pa+f Precufsur Present in Platelets

Decreases in the propoartion of the alkylacyl class were

observed in the total lipids and isolated PC and PE, but the

proportions of alkyl and acyl chains were maintained. .

Quantification of the alkylacyl class, specifically in PC,
would indicate the amount of precursor available fcﬁ. the

synthesis.uf Paf in the platelet and this can be taken as an

indication of the‘ "potential" ° for Paf, estimated as 4.8
Pmoles/L of blood (Table 18). Céncentratiuns of 10—? M - 10-8
cH of Paf are activating for human plateiets; thus ﬁnly 0.2 to
2. % of the-Paf precursor available as alkylaﬁyl PC need be

converted to Paf to be activating (Chignard et al, 1983;
{:\

Tence et al., 1985). Herce, there is more than sufficient

precursor available with storage, in spite of ™~ 40% loss

during storage. Therefore, the decreased platelet response is

£

not a result of a loss of Paf precursor material during

storage but may bhe due to changes in enzymes or other factors

involved in Paf formation and release.

- Other sources for Paf precursors exist in the platelet.

Alkylacyl PE can be converted to alkylacyl PC via-

methyltransferases in the platelet membrane (Hirata et al.,
1978). The amount of alkylacyl class af PE as previously seen

for the alkylacyl PC also shows a significant decrease from

S



HI:pll 18: Calculations of Paf and Arachidonate Potential

//ﬁ\\ | of

Fresh and Stored Platelets

-

Storage Paf ' _Total frachidonate
Time, b d
nmol alkylacylPC MM nmol per MM
days \ per 109 callsg” 109 cells®
0 15.9 + 3.1 4.8 245 + 35 73
3 . 10.1 + 2.1 3.0 r 262 + 40 79 ~__
5 10.2 + 2.3 3.1 266 + X7 - 80

Results are mean * standard deviation based on triplicate analys-i

of each sample, agi originating from one pool of plafclcts.

*“nmol alkylacyl PC = 0.44 mg lipid x wt. XPC X %X alkvlacyl
. 742
per 10° cells.

(742 = average molecular weight of alkylacylPC as calculated .

from GLC data). Refer to Tables 11 and 12.
= 1M alkylacyl PC = 0.3 x nmol alkylacyl PC pnr-loé\\ﬁzl}"

(1 ml. of blood = 3 x 108 cells).

< nmol = 0.44 mg lipid .. wt. % FA x % _arachidonsate
arachidonate . ’ I04
per 102 cells.

(364 = molecular weight of arachidonate). Refer to Tables 12

and 17.

¢ yM arachidonate = 0.3 x nmol arachidonate per 102 cells.
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8% to 3% after 3 days of storage (a &3% decrease}. Although:
most of the previous studies on Paf regulation have focussed
on the deacylation and acetylaticn cycle, our present studies
indicatel that alkylacyl Pé may also play a major fole as a

Paf¢ precursor, and this possibility warrants futher study.
I11.5 Effect of Storage on the AFEEE}ﬂunic Acid Content

No significant changes in the arachidonate levels were
observed with ;torage for up to Ffive days in the total
lipids, PE or PC (Tables 15 - 17) indicating that the
arachi&onate "potential” (245 nmol per‘IO9 cells ar %3 ‘Pmol
per L of blood) of the cell had not changed (Table 18). The
‘range of arac;idonate concentration that induces platelet
aggregation is 100 - 300 uM; PGGax and PGHz arachidonic acid 

~
métabolites are potent at concentrations of 200 nM (Adams,
Il?BS}. Therefore, only 0.3 Z of the total arachidonate need
be .netabolized faor platelet activation ( Table 18). The
results of our study indicates that there is sufficient
arachidonate present to suppoart synergism or propagation of a
Iprimary___;ﬁignal which would require sub-maximal
concentrations; huuéver, not enough arachidonate is present
for arachidonate to be the primary stimulant of ﬁlatelet
aggregation. As previously conclu?ed for Paf, a deficiency of

arachidonate is not the apparent cause of the lack of

platelet response to single stimuli.



—.B?_
IV. Model for Changes in Platelet Activation on Starage

It has been established tﬁat stimulation of intact human
platelets induces significant alterations in  their
phospholipid .composition (Broekman et al., 1980; Ho]ub,\1984;
Skeaf and Holqb, 1985). .Must notable among the changes in
stimulated platelets are the quantitative losses of PC via
phospholipase Az and PI via phosphalipase Ax and
phospholipase C activity in addition ta the resynthesis of
PIFz (Broekman et al., 1980; Prescott and Majerus, 1981;
MCK;an et al., 1981; Broekman et al., 19B1; Berridge, 1984;
Holub, 1984; Skeaf- and Holub, 1985). The active hydrolysis of
these phospholipids provides for éhe release n{‘arachidonic
acid, which is converted via the cyclooxygenase complex to
prostaglandins (Hamberg et al., 1975; Chau and Tai, 1982;
Billah et al., 1981; Prescott and Majerus, 1983); and for tﬁe
release of Paf via the deacylation-reacylation cycle from the
alkylacyl PC analogues (Chap et al., 1983; Chignard et al.,
1983).

On storage,nthe platelet’s ability 'to ;ynthesize the
secondary stimuli in response to singlé stimuli is greatly
diminished; this inability would then atfect t%e
amplification of the first signal and therefore, an abolition

of platelet respanse.

Studies of platelet phospholipases Az and C show a

decrease in the activity of phaospholipase Az, A\NQile

»

™ ;
‘\ e \,,/
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phospholipase C activity is wunaffected on storage of
platelets {(Labow et al., 198&a). This decrease hés been shown
to be the result of inhibition by plasticizers,
di (Z-ethylhexyl)phthlate (DEHP} and its *metabolite mono
{ethylhexyl)phthalate (MEHP) which are contaminants of the PL
732 bags used in storage. The inhibition is reversible with
the effect reduced after platelet washing procedures using
buffer containiné albumin. The amounf of plasticizer leaching
into the plasma increases with storage time (Labaw et al.,
1984&6b). Inhibition of phasphaolipase Az would block the
release of arachidonic acid and pre$gnt formation of Paf. The
lack of furmatiQn of these intercellular messengers (Paf and
arachidonate) would then explain the impairment of the
platelet to respond to single stimulus after 3 and S days of
storage.

In this connection, Imai et al., (1985) have studied
platelets stored as PRP in glass tubes (no plasticizers), and
found no change in phcsphSiipase C activity but an increase
in phospholipase Az activity. As a result, the levels of lyso
PC and lyso PE components increased after 12 and 48 hours of
storage. In'additiun, respanse of stared platglet activation
to thrombin stimulus, as measured by serotonin release was
slawer than that of fresh platelets. These results indicate
that although there is reversible inhibition of phospholipase
Az when platelets are stored in plastic bags, the plasticiier

might prevent the membrane phospholipid components from



degradation resulting from an increased phospholipase A
activity during storage.

\\Tverefore, the.defect in the stored platelet response tao
singlé\Bt}Tgli appears to be due to plasticizer inhibition
of phospholigase Az activity which in turn decreases the
platelet s abhility to release Paf and  arachidonic acid from
platelet phospholipids to amplify the primary signal.

It has been demcnst}ated that DEHP binding to the
platelet membrane is reversible and alsao that MEHP and DEHP
have a very high affinity binding for aibumin (Labow et al.,
1?86b). Washing procedures with albumin should be effective
in removing plasticizer. from the platelet membrane. However ,
it remains to be fested ‘whether simple washing of the
platelets after storage would remove the plasticizer from
platelets and thus alleviate the phaospholipase AzM inhibition
and whether indeed this inhibition is the only action of
plasticizer on platelets. It should.be noted that platelets
are hemostatically dysfunctional for the first few hours
after transfusion. It is pdssible that this is the time

required to wash out the DEHP and allow enzyme activation.

V. Future Aspects

[

The present study has demonstrated that there were no
significanat changes in the platelet lipid ccmposiffbn during
storage that could account for the change in platelet

inability to respond to single stimulus. From the findings of
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- Imai et al.,(1984), and Labow et al.,(1986a; 1984b), we have
speculated that the decreased ability 1is due to the
plasticizer inhibition of phoépholipase fiz activity blocking
arachidcniﬁ acidr and Paf éeiease from the platelet
phospholipids. But how much of the physiological responéE is
Phospholipase Az deéendent? Can the inhibition of the
plasticizer be reverséd by washing the platelels with
albumin? Does the plasticizer have aother effects; for
example, modulétion of other enzyme activiﬁes? These are a
few interesting questions that need further study. | .

There are other questions that arise from the results of
ﬁhe present study. Significént decreases in the alkylacyl PC
énd PE content is aobserved. What are the regulatory features
aof alkylacyl phospholibid synthesis from diacyl phospholipid.
Is alkyl-DHAP synthase affected by storage or by plasticizer
to explain thisfdecrease in alkylacyl—content?

In addition, the abundance of mélgcular ion peaks for Paf
suggest a pool of Paf in the resting platelet. This should be
verified by separating the Paf molecules +from other PC
analoques of fresh resting platelets. Thus, there are many

questions still to be studied in the field of platelet

phospholipids, metabolism and the effects of storage.

Rt



II.

CONCLUSIONS -

Advantages of Present Analytical Procedure of

Methanolysis/Acetolysis:

1) Avoid; difficulties due Eu lack of broad substrate
specificity ot the enzyme leading to incomplete
hydrclysgs‘nf the substrate. |
2) The present procedure is conveniently carried out by
sequential methanolysis and acetolysis reactions which
give gquantitative yields of the corresponding products.
3) Eliminates need for TLC separation and isolation of
the reaction products.

¢
4) Hnal;sis of products by GLC with a single internal”
standard gives data on the" type and chain length of
hydrocarbon groups that can be used to calcuiate the

molecular class composition.

3) The present procedure is well suited to replicate and

A'multi—sample analysis within a reasonable time pecibd

(2-3 days).

4) Products are recovered in an overall vyield of 96

LTI

+ A%,

Application of Procedure to Fresh Resting Human

-

Platelets:

1) PC contained mainly diacyl (84%) with lesser amounts '



of alkylacyl (10%4) and alkenylacyl (1.4%) classes.
2) PE contained mainly diacyl (40%) with 274 alkenylacyl

and B4 alkylacyl class. s

III. Effect of Storage on Platelet Lipid Composition

1) No significant chaqges in cholesterol, phospholipid or
related diacyl and ‘alfenylacyl clésses or in their
proportions of .chain types were noted.

2} Decrease in'the alkyiacyl class of PC tSé %) and PE
(63 %) after 3 days of sforage was observed; however,
calculations indicate fhat in spite of this loss there 1is

c

more tﬁan sufficient amount of Paf grecursor available.
o
~ In summary,‘ the present study indicates "that the
inability of the stored platelet tbﬂ;;épggd to singlé stimuli
. T T
does not resuif from\losguof {ipid components or precursors

required for the generatiom of secaondary stimulants,

specifically Paf and arachidonate metabolites.

[N
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: AUTHENTIC PAF STANDARD AFTER METHANOLYSIS AND

%AR . PEAK
MOD . NO.
1.7 249
a.3 250
0.4 252
1.9 _
?.4
72.9
14.9
2.4
2.2
@.4
1.4
9.4
@.5
1.3
2.0
0.9
Q.4
Q.4
9.2
20.8
34.3
100.9
8.4
6.2
1.2
2.3
0.2
4.4
5.8
2R. 9
5.4
1.5
21.7
5.0
@.8
?. 4
2.4
3.4
2.6
®.7
2.0
R.5
2.9
@.3
d.4
17.9
i.8
1.9
1.4
@.2
11. 4
3.1
®.5

MASS

41i5. 9
414.2
424.9

HAR.

. MDD.

3.4
1.2
@.3
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CL/MS-3: HYDROGENATED PLASMALOGEN PE AFTER METHANOLYSIS AND ACETOLYSIS -

FEAK MASS AR, FEAL MASS  %AR. FEAK MASS  HAR.
HG, HOD. MO Moo, HQ. HOD,
i 1Ga.% 5.1 1 177.0 g.4 12 z3=.0 3.4
2 iGz.p 0.3 £ 139.09 .3 124 235.9 g.32
3 183,90 4.2 37 181,90 2.3 125 z11.@  9.&
4 1@4.1 @. = L4 153,14 .5 127 z2i12.9 c.2
S i@S.{ .3 £5 13%.0 @.5 138 314.9 i.2
£ 107.9 2.z &L 13270 .3 127 =zi5.a .3
7 iE3.0 3.3 87 15s5.9 3.5 128 228 .9 @ 9
g icv.0 1.5 &2 193, 4 2.3 121 z2&.9 o.2
7 110.0 1.2 &9 1941 0.2 132 324.9 2.2
10 111.09 1.7 78 1% 4 3.3 1322 227.% a.s
i1 112, i.3 72 197.9 .6 135 333.3 1.8
2 1i13.0 2.8 73 199.9 3.4 134 z49.9 1@0.@
i4 115.p 6.3 74 Z01.0 .3 127 242.0 244
i3 1146.0 2.2 75 Z@7.0 8.2 138 z42.9 2.5
16 117.0 10.7 76 Z20S.Q 0.4 139 344.0 @.5
17 1i8.0 2.7 77 Z1i.0 2.7 149 352.9 9.2
i 11%.9 1.1 73 213.8 .@.4 141 255.9 5.9
' 19 1z1.0 @. 4 79 215.09 @. 3 142 285.0 1.3
21 123.9 1.1 80 221.0 @.3 143 357.0 a. 4
22 izZ4.1 8.8 , &i :zzz.14 3.4 144 z=59.p9 3.4
22 125.1 1.3 22 222.1 Q.6 145 32£7.0 1.8
24 12461 3.4 84 225.1 E. 4 148 367.% 0.c
2 i27. 14 3.8 85 224.1 B.4 147 Zz2.v iT. 4
26 _129.9 G. 4 3 2327.2 1.3 148 3&9.% .4
& 1Z9.9 3.4 87 c22.6 0.2 139 378.9 i.8
g i32.0 Z.1 58 ZZ9.0 a3 is@ 372.0 .3
23 135.9 i.1 89 Z233.0 9.2 151 3272.¢ '@.g
21 134, @ .2 1L Z37.0 8.4 i53 353.0 . &
22 137.0 &.9 F3 239.0 2.9 154 334,79 3.4
33 138.0 8.5 ¢4 Z43.0 0.4 i55 395.9 .z
24 139.0 2.7 ¥5  241.0 @. 6 1546 394.9 @. 4
=5 13@.0 3.3 96 Z243.0 9.5 157 3985.9 g.v
26 141.0 a.8 109° 251.0 0.7 158 401.1 1&. 1
38 145.09 1.5 181 252.0 ' 0.4 159 4p2.¢ Q.7
2% ,147.0 3.3 idz z253.3 i.4 i4@ 4i2. 3 @, 3
49 149.0 44,3 103 =54 14 3.3 141 415, @ @. 9
41 15Q9.@ 3.8 104 Z85.1 3.2 1& 415 .9 8.z
42 151i.9 8.9 195 56,1 0.7 143 427.3d 3.2
43 152.9 g3.5 106 257.0 0.3 144 4z8.5 2.7
44 153.0 3.6 108 2&67.90 a.4 165 429.% 8.3
45 1i55.¢Q 3.8 189 z49.0 g.8
A& 157.0 .2 111 z7i.@ .4
47 153.9 49.8 ii2 z279.@ 0.3
48 1i59.9 3.8 113 Z20.0 1.5
49 14,9 3.6 114 Zz81i.0 1.7
Q0 143.0 2.3 115 282.¢@ @. 4
51 145.1 @.5 116 283.0 1.2
52 166.1 3.4 117 284.0 @.3 _
83 147.1 0.4 118 Z285.0 9.4
58 149.0 8.5 i1¢ z%@.2 @. .k
5& 171.0 0.4 120 2%97.0 4.1
57 173.0 3.3 i21 298,90 1.1
5% 77.0 1.4 122 =z99.@ 8.4
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FAB/MS-3: AUTHENTIC PAF STA§pAﬁD”

PEAK
NO.

347
348
. 349
3558
357
358
359
350
362
3463
364
365
368
367

$ad

37
375
377
378
379
380
381
=
383
384
= 389
390
391
393
395
399
430
401
402
403
498
409
410
33
412
413
414
419
420
421
429
434
435
440
T 4414
4402

443

MASS

438.0
438.9
439.9
451, 1
452, 1
453,90
454. 0
'455.0
458. 8
459. 9
4561.0
462. 0
443.0
464.0
445, 1
466. 1
467.0
474.09
477.1
478.0
479.9
480. 9
481.0
4821
483. 0
484.1
1
2
i
1
@
2
@
Q
1
a
1
1
1
b
9
)
N
Q
®
)
1
e
1
1
1
1
1

490

491,
492,
494,
494,
505.
5Q65.
508.
509.
519.
s21.
saz2.
523.
524.
524.
=Y-2-
£e7.
£36.
537.
538.
55Q.
5&61.
543,
574.
575.
877.
578.

UHT.
MGD.

. . u .
BPGGBGGSSGGH\JHGNGG&H&Q‘SGGQ&G#M&NGHQQG

HFEH OSSO SGESE G

OH DOV WNEaUWmEWYECR @

quamqmmmhommomwomm&&mhm#qmmuhmumema-q

PEAE
NO.

448
449
450
452
454
454
457
458
461
462
443
449
470

471

473
474
475
477
478
480
482
485
486
487

e

MASS

58s.
588.
589.
591,
631,
603,
&05.
&4,
415,
&17.
&19,
&a7.
627,
b29.
631,
&32,
&33.
&44.
651,
655,
468,
7a1i.
727.
72%.

VOGN HEHHEHRGIHEE G E H M g

%HT.
MOD.
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FAB/MS-4: PLATELET PC

FEAL HASS YAR. PEAEK HASS YAR. ~  pgak
NO. MOD. NO. MOD . NG.
i 3%i1.2 8.1z 54 385.9Q 1. 45 107
2 301.9 14,44 55 385.9 2.17 108
3 303.2 19,42 5& 3g88.2 3.62 109
4 304.9 15.80 - 57 389.1 1.59 110
5 305.@ 1.88 58 392.0 1.74 111
& 388.@ 15.51 59 394.0 1.59 ii2
7 309.0 1.74 60  4056.1 i.30 143
8 310.0 8.55 51 a1@.1 2.03 114
? 311.1 10.72 42 1221 1.45 i15
i@ 312. @ 33 .62 43 429.@ 1.45 - 114
11 313.2 22.4s 64 4311 5.22 117
12 314.0 4.06 &5 4341 1.30 dis
13 31i5.4 1.59 b6 445 1 i.45 119
14 317.0 11,91 &7 457 1 4.06 120
15 318.0 5.51 68 459 1 14 94 121
16 319.0 1333 69 4621 1.45 i22
17 320.0 12.17 70 444 2 1.45 123
18 321.0 1s.23 71 447.2 1.45 124
19 222.0 7.25 72 4742 4.78 125
20 323.1 2.17 73 478.1 s2.083 134
21 324.p i.59 74 479.1 12,32 127
22 325.@ 3. 04 75 480.1 10.72 i28
23 326.9 10.%83 76 481.1 i.45 129
24 327.0 &. 47 77 482.14 2.03 130
25 328.0 i.59 78 485 ¢ 3.48 131
26 329.% 6. 81 79 488.1 1.45 132
27 330.% 5.94 80 490.0 i1.74 133
28 332.:2 3.33 81 492.1 4.93 134
29 333.3 5.22 82 493.p 1.59 T 138
30 333.9 3.62 83 4%94.1 14 94 134
31 335.9 2.23 84 4546.1 100.00 137
32 |, 3346.0 1.59 85 497.1 25. 22 138
33 3374 3.77 86 50214 9.86 139
34 339.1 412.44 87 S@4.1 33,33 140
35 341.1 12.90 88 505.1 &.87
34 341.9 7.39 89 50&6.1 21.14
37 343.9 i.45 9@ 50714 2.75
38 344.0 i.74 %1 5@8.1 9.8&
39 345 .9 1. 45 %2 589.0 i.45
49 345 9 &. 28 92 S510.1 {1 :=p
41 349.p 4.29 94 S5i1.p 1.45
42 350.3 2. %u 95 518.1 15 z2
43 354.0 i83.84 Y6 520.8 Z9.7z
44 355 3 i.30 97 822.1 55 &g
45 358.% 3. 024 P8 523.1 10.43
44 363.0 i.59 ¥9 524.1 3Iz.44
47  344.0 g.70 180 535 4 §.84
48 347 1 g.22 101 524, &. 38
49  348.0 7.25 id2 s528.0 1.74
5@ 371.0 i.59 183 524.p 3.62
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