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Abstract

Platelets are key mediators of hemostasis and thrombosis and can be inhibited by
nonsteroidal anti-inflammatory drugs (NSAIDs). As a result, platelet donors are tem-
porarily deferred from donating if they have recently taken NSAIDs such as aspirin
or ibuprofen. Despite these measures, a proportion of platelet donations show ex-
posure to these drugs; however, little is known about the effect of NSAIDs and their
metabolites on platelet quality in vivo and during storage. In this review, the effect
of NSAIDs on platelet function is summarized, with a focus on the widely consumed
over-the-counter (OTC) medications aspirin, ibuprofen, and the non-NSAID paracet-
amol. Aspirin and ibuprofen have well-defined antiplatelet effects. In comparison,
studies regarding the effect of paracetamol on platelets report variable findings. The
timing and order of NSAID intake is important, as concurrent NSAID use can inhibit
or potentiate platelet activation depending on the drug taken. NSAID deferral pe-
riods and maximum platelet shelf-life is set by each country and are revised regu-
larly. Reduced donor deferral periods and longer platelet storage times may affect
the quality of platelet products, and it is therefore important to identify the possible
impact of NSAID intake on platelet quality before and after storage.
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e Nonsteroidal anti-inflammatory drugs (NSAIDs) can inhibit platelet aggregation and secretion by inhibiting cyclo-oxygenase 1.

e The effect of paracetamol (acetaminophen) on platelets is poorly studied.

e Little is known about the effect of NSAIDs and their metabolites on stored platelets.

e Postponing platelet donation after NSAID intake may affect platelet quality following storage.
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1 | INTRODUCTION

Transfusion of platelet products is lifesaving for trauma, surgical and
hemato-oncology patients, yet they are often in short supply and
high demand due to their short shelf life. Although the inhibitory
effect of aspirin and ibuprofen on platelets is well established, only
a small number of studies have investigated the effect of NSAID me-
tabolites and paracetamol on platelet function. There is even less
known about the impact of NSAIDs, paracetamol, and metabolites
on platelet quality during storage and after transfusion. In this re-
view, we provide an overview of the effect of NSAIDs on platelet
function. This review focuses on the over-the-counter (OTC) med-
ications aspirin, ibuprofen, and paracetamol, as these medications
are widely consumed and consumer knowledge about these medi-
cations is limited.!

The popularity and accessibility of NSAIDs presents a challenge to
blood services that collect and store platelet products. Prior to blood
donation, donors are asked to complete a health questionnaire, which
asks donors about recent NSAID use. Based on their disclosure, donors
may be prevented from donation for a period of time (deferral). Each
country sets its own deferral periods and maximum platelet shelf life

(Table 1). There are currently no deferrals in place for paracetamol.

2 | NSAIDS: MECHANISM OF ACTION

Cyclo-oxygenase (COX) enzymes are the primary targets of
NSAIDs and exist in 2 isoforms: COX-1 and COX-2. COX-1 is con-
stitutively expressed, in contrast to COX-2, which is inducible.?
COXs are glycosylated, bifunctional, membrane-bound enzymes
primarily located in the endoplasmic reticulum and catalyse the
conversion of arachidonic acid (AA) to prostaglandin G, (PGG,)
and PGG, to prostaglandin G, (PGH,) by peroxidase (POX) activ-
ity. COX is integrated into only 1 leaflet of the lipid bilayer, and
due to its hydrophobicity, the COX substrate AA remains near the
enzyme once it is released from the membrane phospholipids by
cytosolic phospholipase A, (cPLA2)‘3 AA is converted by COX-1
into thromboxane A, (TxA,), which promotes platelet activation
and hemostatic clot formation.

Inhibition of COX is the primary mechanism of action of NSAIDs,
which can be broadly classified according to their binding (reversible

orirreversible) and selectivity. Common OTC NSAIDs such as aspirin

TABLE 1 NSAID deferrals and maximum platelet shelf-life

Nonaspirin Maximum
NSAID platelet
Country Aspirin deferral  deferral shelf-life
Australia 5 days”® 2 days”® 5 days”®
United States 2 days’”® 7 days”?
Canada 3 days (also 1 day'® 7 days'®*
naproxen)*®®
United Kingdom 2 days'®? 7 days'%®
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and ibuprofen are cross-selective inhibitors of both COX isoforms.
Aspirin irreversibly acetylates a key residue within COX-1 that blocks
the access of AA to the active site,*> whereas ibuprofen reversibly
blocks AA access.®” Paracetamol is an OTC drug, and although not
categorized as an NSAID, it reversibly inhibits COX by acting as a
reducing cosubstrate at the POX site.® The metabolites of NSAIDs
may also inhibit COX activity. In vivo, aspirin is rapidly deacetylated
to form the active metabolite salicylic acid,” which is less potent than

aspirin itself and binds to COX in a reversible manner.*

3 | ROLE OF TXA, IN PLATELET ACTIVATION

Upon vascular injury, collagen fibers become exposed, bridging von
Willebrand factor (VWF) to the platelet adhesion receptor glycopro-
tein Iba (GPIbay), thereby activating cPLA, leading to release of polyun-
saturated fatty acids including AA (Figure 1).}* Binding of other platelet
agonists to their respective receptors also induces AA release. The ma-
jority of released AA is metabolized by COX-1 to form endoperoxides
and converted by thromboxane (Tx) synthase to TxA,. AA is also me-
tabolized further into eicosanoids including leukotrienes and related
bioactive lipid mediators (Figure 2). Platelets synthesize long-chain
fatty acids, such as hydro(pero)xyeicosatetraenoic acids (HPETESs) by
12-lipoxygenase (12-LOX), which are unstable precursors of hydroxye-
icosatetraenoic acids (HETESs). The final products of cytochrome P450
(CYP450) activity are 14- and 15-epoxyeicosatrienoic acids (EETs)
(Figure 2).1213 A wide variety of potential AA metabolites are produced
by platelet COX, LOX, and CYP450 enzymes (Figure 2), which exhibit
both anti- and pro-platelet activation properties.* Formation of other
AA metabolites is of great importance in circumstances when platelet
COX activity is blocked by the presence of NSAIDs.

The other COX-1 product, PGH,, is converted to PGl,, PGE,,
PGD,, and TxA, by PG- and TxA,-synthase, respectively.*>® Upon
binding to the G protein-coupled receptors for prostaglandin and
thromboxane (TPa) respectively, PGl, and TxA, have opposing roles
in vascular hemostasis. PGl, and PGD, inhibit platelet secretion and
aggregation by activation of the enzyme adenylyl cyclase, thereby
increasing cyclic adenosine monophosphate levels and dampening
the activation induced calcium rise.'’ TxA, triggers calcium mobi-
lization, platelet shape change, aggregation, and secretion, finally
promoting hemostasis plug formation. TxA, acts in a positive feed-
back loop by binding to TP«a, and more platelets are recruited upon
TxA, release. TPa-mediated platelet shape change depends mainly
on G, ,,,3, Whereas aggregation depends primarily on qu.”'18 TXA -
induced platelet aggregation appears to depend exclusively on ADP

and other released platelet granule contents.?’

4 | EFFECT OF ASPIRIN ON PLATELETS

Acetylation of the COX active site by aspirin blocks binding of the
substrate AA over the lifetime of platelets in vivo (8-9 days); as

they are anucleated, they are unable to synthesize new COX-1.2%2!
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Overall platelet function starts to recover 48-72 hours after aspi-
rin treatment and fully recovers after 96 hours, as new platelets are
continuously formed from megakaryocytes.z2 Complete inhibition
of TxA, production is achieved for at least 24 hours after a single
100-mg dose of oral aspirin.?

Aspirin interferes with platelet activation, aggregation, and se-
cretion by inhibiting the production of TxA2.24’25 Aspirin has also
been shown to stimulate the production of the platelet inhibitor
nitric oxide (NO) in vitro and in vivo, which may contribute to its
antiplatelet activity.?® Aspirin impairs o granule secretion and VWF
binding in response to weak platelet activators such as ADP and
epinephrine. However, VWF binding is unaffected by aspirin when
platelets are stimulated with potent agonists such as thrombin.?’
Timing of aspirin intake may be linked to platelet inhibition, as one
study demonstrated that TxA, inhibition was suboptimal when
80 mg of aspirin was taken in the morning when compared to the
same dose in the evening.?®

29 resting platelets

In a recent analysis of the platelet lipidome,
were found to contain over 5000 unique lipid species, of which
thrombin stimulation increased 900. Aspirin treatment (75 mg/day
for 7 days) blocked the formation of TxA, and inhibited the forma-
tion of thrombin-induced lipid species by 50%. This indicates that
COX-1 is crucial for platelet activation-dependent changes in the
lipidome. Among other lipids, aspirin also increased formation of AA
in resting platelets in some but not all donors, highlighting that this
process is donor specific.29

Inhibition of TxA, formation is not the only mechanism by
which aspirin acts on platelets. The degree of platelet inhibition

following 75 mg of oral aspirin is proportional to decreases in

FIGURE 1 Thromboxane-mediated
platelet activation. At sites of vascular
injury, von Willebrand factor (VWF) binds
platelet adhesion receptor glycoprotein
(GP)Iba.. Subsequent phosphorylation

of P38 mitogen activated protein kinase
(MAPK) and cytosolic phospholipase

A2 (cPLA,) leads to the liberation

of arachidonic acid (AA) from the
phospholipid bilayer. Similar to VWF
binding, AA is also released following
stimulation of platelets by other agonists.
AA is converted into thromboxane (Tx)
A, by cyclo-oxygenase 1 (COX-1) activity.
TxA, amplifies platelet aggregation by
binding to its receptor TP« in a positive
feedback loop. NSAID including aspirin
inhibit COX-1 activity and thereby inhibit
platelet aggregation

12-HETE, a metabolite of 12-LOX.%° Inhibition of 12-HETE pro-
duction ex vivo has been observed with aspirin doses as low as
20 mg.3!

Aspirin resistance can occur if aspirin is unable to inhibit platelets
and has been linked to an increase in the expression of the B, do-
main of fibrinogen receptor o, B, integrin, thereby rescuing urinary
dehydrothromboxane B, and AA-induced platelet aggregation.?
Moreover, platelet multidrug resistance protein 4, an ATP-binding
cassette membrane transporter associated with aspirin resistance,
can be upregulated following chronic aspirin treatment, leading to
incomplete COX-1 inhibition.3334 Ethnic variations in aspirin efficacy
have also been recorded and are associated with the thrombin re-
ceptor protease-activated receptor-4.3>%¢ Varied aspirin efficacy in
different donor populations complicates the process of determining
optimal aspirin deferral periods.

5 | THE EFFECT OF ASPIRIN ON
PLATELET-DERIVED VESICLES

As platelets are highly activated or become procoagulant following
stimulation by collagen and thrombin (known as COATED platelets),
platelet-derived extracellular vesicles (EVs) are shed.®” EVs are also
shed into the storage medium during platelet storage.>® COX-1 and
-2 are present in EVs; however, their role is unclear. 39 EVs also con-
tain 12-LOX, which converts AA into 12-HPETE. 12-HETE within
EVs promotes their internalization into activated neutrophils, char-
acterizing EVs as potentially important mediators of intercellular

communication and inflammation.*®
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FIGURE 2 Role of cyclooxygenase (COX)-1 and COX-2 in platelet activation. Arachidonic acid (AA) is liberated from the phospholipid
bilayer and metabolized into various prostanoids. COX-1 and 2 contain distinct COX and peroxidase (POX) sites. Within platelets, COX-
1is present in higher amounts than COX-2 and converts AA to prostaglandin (PG)G, by COX and prostaglandin H, by POX activity. The
other COX-1 metabolite, PGH,, is further metabolized into the platelet activator thromboxane A, (TxA,) as well as other prostaglandins.
Cytochrome P450 monooxygenase (CYP450) activity results in the conversion of AA into epoxy-eicosatrienoic acids (EETs) and
dihydroxyeicosatrienoic acids (DHETSs). Lipoxygenase (LOX) enzymes (5-, 12-, 15-LOX) also metabolize AA resulting in the formation of
various hydro(peroxy)-eicosatetraenoic acids (HETEs) and leukotrienes (LTs)

The effect of aspirin on EV release and phenotype is poorly stud-
ied, and findings are contradictory. Addition of aspirin to platelets in
vitro (50 pM) has been shown to inhibit EV release.** However, in
another study, 150 mg of aspirin for 3 days did not alter the number
of EVs released in healthy subjects.*?

PLA, is present in platelet-derived EVs and released (free) mi-
tochondria, which are also released during platelet storage.43 The
potential AA accumulation due to the presence of aspirin or other
NSAIDs might be further metabolized by this enzyme As AAis also
present in EVs, increasing various signaling proteins including protein
kinase C and p38 mitogen-activated protein kinases (P38MAPK) and
ultimately COX-2 upregulation in monocytes and endothelial cells.**

Smaller platelet-derived EVs, known as exosomes (50-100 nm
in size), contain cytokines, chemokines, growth factors, coagulation
factors, lipoproteins, and other lipids, as well as several types of
RNA. In one study, low-dose aspirin treatment for 1 week (dose not
specified) suppressed a variety of these cargo proteins including the

a-granule protein platelet factor 4, as well as platelet cytoplasmic

proinflammatory protein high-mobility group box 1.4 Aspirin had no
effect on the total number of exosomes shed.

6 | THE EFFECT OF ASPIRIN ON PLATELET
DEATH AND CLEARANCE

Platelets are able to undergo cell death via the intrinsic apoptosis
pathway involving Bcl-2 family proteins.*® Platelet apoptosis may
be induced by NSAID treatment. When COX-1 is inhibited by the
NSAID indomethacin in washed platelets, AA accumulates and in-
duces apoptosis through interactions with GPlba and the scaffold-
ing protein 14-3-3(“3.47 Accumulation of AA also triggers changes in
the Bcl-2-associated agonist of cell death protein, inducing activa-
tion of the proapoptotic protein Bax and subsequently platelet ap-
optosis.*’ Cold storage of platelets also induces accumulation of AA
by activation of PBBMAPK and cPLA,, as TxA, formation by COX-1

is prevented at this low temperature.*” When AA is depleted from
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platelets, their life span in vivo is rescued in mice, indicating that AA
plays a role in platelet apoptosis and clearance.

Aspirin can also reduce platelet life span by upregulation of
proapoptotic Bax, leading to increased clearance by phagocyto-
sis.*® However, the involvement of AA accumulation has not been
investigated. These findings show a potential link between the
administration of NSAIDs, platelet death, and clearance. It is un-
clear whether this might become important following transfusion
of platelet products if NSAIDs and their metabolites were to be

present.

7 | EFFECT OF IBUPROFEN ON PLATELETS

Ibuprofen is administered as a racemic mixture of S- and R- enan-
tiomers, but only S-ibuprofen inhibits COX-1 and -2.%° Addition of
ibuprofen in vitro (80 uM) inhibits ADP-induced aggregation and
prostaglandin synthesis and also stimulates the production of NO.
Unlike aspirin, the inhibition is transient in nature due to reversible
binding of S-ibuprofen to COX-1.% Ibuprofen has also been shown to
inhibit AA, epinephrine, and collagen-induced platelet aggregation in
a dose-dependent manner in vitro.’%>!

The platelet function analyzer (PFA-100) is used to assess plate-
let activation under high shear stress and stimulation by collagen
and ADP or epinephrine. In healthy individuals completing a 7-day
course of ibuprofen (600 mg orally every 8 h), PFA-100 scores indi-
cated platelet dysfunction in 63% of participants, which normalized
after 24 hours due to reversible COX-1 inhibition.>?

8 | EFFECT OF PARACETAMOL
ON PLATELETS

Due to limited anti-inflammatory activity, paracetamol is not cat-
egorized as an NSAID. However, paracetamol is commonly taken
for the relief of pain and fever.>® Metabolism occurs primarily in the
liver, but also in the gut and kidneys.>* Important metabolites in-
clude paracetamol glucuronide, paracetamol sulfate and the hepa-
totoxic N-acetyl-p-benzoquinone imine (NAPQI).>*>> Paracetamol
does not bind to the aspirin-binding site on COX-1, as paraceta-
mol treatment prior to aspirin does not protect platelets from ir-
reversible COX-1 inhibition.> Instead, paracetamol inactivates the
POX site within COX-1 and -2 by acting as a reducing cosubstrate.®
Paracetamol is a much less potent COX inhibitor in platelets when
compared to other cell types. After platelet activation, 12-HPETE
is formed by platelet 12-LOX, which activates COX-1 and reverses
the action of paracetamol on COX-1.8

To date, few studies have attempted to characterize the effect
of paracetamol on platelets, and those published report variable
findings. The prevailing dogma is that paracetamol has limited or no
antiplatelet effects when compared to aspirin.’” Some studies have
shown that paracetamol has antiplatelet effects, while other studies

suggest that it does not.

In healthy volunteers, 500 mg of oral paracetamol had no ef-
fect on TxA, synthesis as determined by gas chromatography-
mass spectrometry (GC-MS); however, only 2 individuals were
included in this study.®” Paracetamol failed to inhibit TxA, synthe-
sis following a single oral dose of 3 g.°% In a cohort of 35 surgery
patients, 3 g of paracetamol administered intravenously failed to
inhibit AA, ADP, or thrombin receptor-activating peptide (TRAP)-
induced platelet aggregation.®® In a comparison of 1-g oral aspi-
rin with paracetamol, paracetamol was found to have no effect
on collagen-induced platelet aggregation or bleeding time after
24 hours,’° which is expected, given the short plasma half-life of
paracetamol (1.5-2.5 h).>*

Other studies have shown that paracetamol has antiplatelet ef-
fects and is able to inhibit TxA, synthesis.%% During whole blood
clotting in vitro, addition of 100 uM of paracetamol was found to
inhibit both PGE, and TxA, production.®® Administration of intrave-
nous paracetamol (15-30 mg/kg) inhibited AA, ADP, and epineph-
rine-induced platelet aggregation for up to 90 minutes after infusion
in a dose-dependent manner, accompanied by a reduction in TxA,
synthesis.®? When paracetamol tablets (650-1000 mg) were taken
orally, paracetamol inhibited AA-, collagen-, and epinephrine-in-
duced platelet aggregation (performed ex vivo 1 h after ingestion),
and reduced AA-induced TxA, formation by 40% to 99%.%% Further,
the paracetamol metabolite NAPQI inhibited AA-induced aggrega-
tion but had no effect on AA-induced TxA, formation or collagen-in-
duced platelet aggregation.®* Of interest, paracetamol-mediated
inhibition of platelet aggregation was influenced by plasma glucose
levels in patients with diabetes, an effect not observed after ibupro-
fen treatment.®® The influence of plasma glucose levels on platelet
aggregation has not been studied in healthy subjects.

Differences in study design, in particular the concentration of
platelet agonists used in aggregation experiments, with or without
plasma, may play a role in the mixed results regarding the effect of
paracetamol on platelets. The methods used to measure TxA, syn-
thesis varied as well, as some studies that measured the urinary
metabolites of TxB, using GC-MS did not show inhibition, whereas
studies that used radioimmunoassay techniques measured a signifi-
cant reduction in TxA, synthesis after paracetamol treatment. More
standardized studies are required to determine the effect of parac-

etamol on platelet aggregation and TxA, formation.

9 | CONCURRENT NSAID USE AND DRUG-
DRUG INTERACTIONS

There are a variety of NSAIDs that have the potential to af-
fect platelet function. The 2 main classes are nonselective
NSAIDs, such as diclofenac, naproxen, aspirin, and ibupro-
fen, and selective NSAIDs (coxibs), such as celecoxib and ro-
fecoxib. Selective NSAIDs selectively inhibit COX-2, which is
upregulated in response to inflammation. COX-2 inhibitors are
selective, as they bind to a channel in the active site of COX-2
that is not present in COX-1.%¢
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Multiple types of NSAIDs may be taken within a short period
or combined in a single formulation. When aspirin is taken after
ibuprofen, platelet function recovers after 26 hours, which is sim-
ilar to platelets inhibited with ibuprofen only.” This suggests that
aspirin and ibuprofen may compete for COX-1 binding and that
ibuprofen can protect COX-1 against irreversible acetylation by
aspirin.®®%” Concurrent administration of ibuprofen and aspirin
results in potential loss of aspirin’s cardioprotective effects, as
patients have a higher risk of all-cause mortality compared to pa-
tients taking aspirin only.®® Paracetamol binds to the POX site, and
does not compete for the aspirin-binding site. As a result, parac-
etamol does not reduce the inhibitory effect of aspirin on platelet
function.>¢:6¢:%7

Timing and order of drug intake also influences the extent of in-
hibitory effects on platelets. Naproxen, similar to ibuprofen, appears
to prevent the acetylation of COX-1 by aspirin by competitively bind-
ing to COX-1. Naproxen reduces the inhibitory effect of aspirin on
TXA, production as well as AA-induced aggregation when adminis-
tered simultaneously, but not when they are taken 2 hours apart.70
Interestingly, naproxen has been shown to potentiate increases in
PFA-100 closure time after concurrent administration with aspirin,71
indicating reduced platelet function. The clinical implications of the
naproxen-aspirin interaction remain unclear.

Studies into the concurrent administration of other NSAIDs such
as celecoxib and diclofenac report conflicting results. As COX-2 se-
lective inhibitors do not introduce a compound that blocks COX-1,
it is expected that concurrent administration would not attenuate
the inhibition of platelets by aspirin. Celecoxib did not interact with
aspirin in 2 studies®®%?; however, celecoxib has also been shown to
reduce the antiplatelet activity of aspirin.“”72 Celecoxib may block
aspirin inhibition despite being classified as a selective COX-2 inhibi-
tor, as it can still bind to COX-1, albeit with lower potency than aspirin
or ibuprofen. Diclofenac has been shown to interfere with the ability
of aspirin to inhibit platelets, as measured by PFA-100"%; however, di-

clofenac has also failed to interfere with aspirin in other studies.>®¢¢

10 | NSAIDS AND PLATELET
STORAGE LESION

The main types of platelet products for transfusion are apheresis
platelets and pooled platelets. Apheresis platelets are collected by
plateletpheresis, and up to 3 units can be collected from a single
donor.”® They may be stored in 100% autologous plasma, or a mixture
of autologous plasma and platelet additive solution.”* Alternatively,
pooled platelets are derived from the buffy coat fraction of whole
blood. The buffy coats from 4 or 5 different donors are pooled, and
the platelet components are then stored in plasma or a mixture of
additive and plasma.

Platelets are stored for a maximum of 5 to 7 days, as they de-
teriorate rapidly during storage. The changes in platelet function
and quality that take place during storage are known collectively as
the platelet storage lesion (PSL).”> The PSL is linked with decreased
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platelet survival and function after transfusion and is characterized by
(1) shape change,”® (2) reduced activation in response to agonists,”® (3)
secretion of granule content,”” (4) externalization of phosphatidylser-
ine,”® and (5) release of mi4:ropartic|es.38 A reduced response to the
platelet agonist TxA, and removal of extracellular GPlba (shedding)
are also characteristics of the PSL.?8 To date, there is very lim-
ited evidence on the direct effect of NSAIDs on the PSL. One study
demonstrated that when platelets were stored in the presence of aspi-
rin (1 mM), the storage-induced shedding of GPlba was unchanged.79

11 | THROMBOXANE AND AA
METABOLISM DURING PLATELET STORAGE

There are currently very few studies that have examined the direct
effects of NSAIDs on stored platelets. However, the accumulation of
various enzymes involved in AArelease and metabolism has been dem-
onstrated in platelets during their storage. Mitochondria, containing
secreted PLA-lIA are released during storage, promoting leukocyte
activation linked to acute adverse transfusion reactions.*® In situa-
tions where stored platelets have higher PLA,-IIA activity, more AA
might be formed, and if NSAIDs are also present, this could be further
exacerbated, potentially leading to even higher AA concentrations.

Leukotriene B4 is a metabolite of AA, formed by 5-LOX, which
also accumulates in platelet concentrates during storage and has
been implicated in transfusion-related acute lung injury.81 In addi-
tion, a phospholipid, lysophosphatidylcholine accumulates during
platelet storage and may result in the release of more AA.%? In the
presence of NSAIDs, a reduction in COX-1 activity could potentially
lead to further AA production. Consequently, more AA could then
be available to be metabolized into other reactive lipid metabolites
and potentially contributing to the PSL. It remains unclear whether
AA further exacerbates the PSL in stored platelets in cases when the
donor has taken NSAIDs prior to donation.

In the 1980s, it was shown that the majority of AA is incorpo-
rated into phospholipids as part of the phospholipid bilayer in plate-
lets. They found in platelet concentrates, isolated by the platelet-rich
plasma method, that 45% of AA is part of phosphatidylinositol (PI)
phospholipids while ~ 16% is present in phosphatidylcholine.®®
During 3 days of platelet storage, ~10% of total phospholipid was
lost and released into the plasma storage media, while the content of
individual phospholipids remained unchanged.®®

A later study84 described that AA content as part of PS phos-
pholipids was increased in platelets concentrates at day 3, but even
higher at day 5 following storage. In contrast to AA incorporation
into Pl phospholipids, this was decreased following 3 days of platelet
storage, but somewhat recovered on day 5. The total AA content in
resting platelets was decreased.?* These findings indicate that AA
incorporation into phospholipids is a highly dynamic process, espe-
cially during storage of platelets.

Various enzymatic pathways implicated in AA metabolism are
also impaired during platelet storage. When stored platelets are

stimulated by thrombin, TxA, and 12-HETE are decreased, indicating
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reduced activity of COX-1 and 12-LOX, respectively.®* When recal-
cified and clotted, platelets stored for 3 days and longer showed
reduced TxA, formation, indicating decreased COX-1 activity. At
days 3 and 5, TxA, accumulates in unstimulated stored platelets.®
Furthermore, when platelets stored for 3 days are stimulated with
collagen, TxA, formation is reduced in the platelet supernatant by
20% to 30%.8¢ TxA, release may be further reduced during stor-
age in the presence of NSAIDs. As a result, platelets might be less
likely to be preactivated during storage and therefore might respond
better upon transfusion in vivo when activated by agonists to cease
hemorrhage. However, to date, there is no direct evidence that alter-
ations in AA metabolism and reduced TxA, might lead to higher AA
levels in platelets during storage.

12 | NSAIDS AND IMPLICATIONS FOR
TRANSFUSION OF PLATELET PRODUCTS

Platelet transfusion can be used to reverse the effects of anti-
platelet drugs to prevent life-threatening bleeding. As a model, as-
pirin-treated platelets can be mixed with untreated platelets. The
addition of 10% to 60% v/v untreated platelets to aspirin-inhibited
platelets in vitro ameliorates aspirin-mediated inhibition of ADP and
AA-induced aggregation,®”%8 as only a fraction of the total platelet
population must be replaced to restore full COX-1 activity. This is of
importance for transfused platelets, as they could affect the recipi-
ent’s COX-1 activity if the donor had taken aspirin prior to donation.
This is unlikely, as all potential donors are currently asked about their
medication use and are deferred if they have taken aspirin, although
the deferral times vary globally (Table 1).

To date, only a few studies have investigated the effect of
aspirin intake on the function of donated platelet products.
Intake of 500 mg of aspirin 12 hours prior to platelet donation
decreased platelet aggregation but also TRAP-6-induced release
of the « granule protein P-selectin, even after 3 days of storage.®’
In contrast, lactate dehydrogenase, lactate, pH, morphology
score, and fibrinogen binding were not affected by aspirin intake.
Additionally, aspirin (10 pg/mL) does not prevent the release of
proinflammatory CD40L from platelet granules following storage
for 4 days.”® In a small cohort, ibuprofen intake prior to whole
blood donation and subsequent platelet manufacture led to a
variable plasma concentration of O to 5 mg/L. In vitro addition
of ibuprofen (20 mg/L) fully abolished AA-mediated aggregation
of buffy coat platelets up to 8 days of storage; however, 5 mg/L
showed reversible inhibition.”°

In the future, platelets might be stored at low temperatures (2-
6°C), which might also induce accumulation of the COX-1 substrate
AA. In cold-stored washed platelets, activation of p38MAPK and
cPLA, were induced, as TxA, formation by COX-1 was prevented
at this low temperature.*” The presence of NSAIDs, together with
cold storage, might further potentiate AA accumulation in platelet
products during storage. It is currently unknown whether this af-

fects platelet quality or transfusion effectiveness.

13 | NSAID DEFERRALS FOR DONATION
OF PLATELET PRODUCTS

Despite donor questionnaires and screening, some donated platelets
show exposure to NSAIDs. It has been shown that up to 30% of plate-
let donations may show exposure to aspirin.”* However, in a different
study, only 7% of donors disclosed NSAID intake prior to donation.”?
Another study found 16% of platelet donors displayed a prolonged clo-
sure time over 3 donating days in response to collagen-ADP and colla-
gen-epinephrine, when measured by the shear-based PFA-100, and 9%

had a severe platelet function defect.”®

While impaired platelet func-
tion may have causes other than NSAID intake, it is possible that some
donors may not accurately disclose their use of these medications.

Consumer knowledge about OTC NSAIDs is limited, which may
impact the ability of donors to disclose recent NSAID use. In a re-
cent Australian survey of 262 consumers of Nurofen (ibuprofen) or
Nurofen Plus (ibuprofen + codeine), one third of respondents could
not correctly indicate the maximum daily dose, and the majority of
respondents failed to recognize potential side effects.’ Further, a
fifth of respondents did not correctly identify the active ingredient
of Nurofen or Nurofen Plus.! A failure to identify active ingredients
is relevant to platelet donation, as donor screening forms do not fea-
ture brand names and assume that blood donors have basic knowl-
edge about the medications they are taking.

Even when NSAIDs are not administered topically as eyedrops,
they are able to affect platelet activity systemically by inhibiting AA-
induced aggregation, P-selectin and TxA, formation.* Intraocular
routes of administration might therefore need to be considered

alongside oral NSAID use when screening prospective blood donors.

14 | FUTURE DIRECTIONS

Securing a safe and efficient supply of platelet products is essen-
tial for any modern medical system. Blood services have to bal-
ance the requirement for donor screening and careful monitoring
of risk factors with the high demand for transfusions. Despite a
long history of research into the effects of aspirin on platelet func-
tion in vivo and in vitro, platelet function following treatment by
other NSAIDs and related drugs such as paracetamol is not as well
studied. Moreover, concurrent NSAID use, the effect of NSAID
metabolites on platelet function, and the impact of these com-
pounds on platelet quality during storage and after transfusion
demands further research.

The common use of NSAID medications may support the dogma
that these medications have negligible effects on platelet quality;
however, it is unclear what the potential impact of NSAIDs is on
platelets during storage. Some consumers are also unaware of the
risks of OTC medications. Changes to donor deferral periods, inclu-
sion of more donors, and longer platelet storage times may also af-
fect platelet products, and it is therefore important to identify and
study the possible impact of NSAID intake on platelet quality, death,

and clearance following their transfusion.
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