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Licofelone, an inhibitor of cyclooxygenase and 5-lipoxygenase,

specifically inhibits cyclooxygenase-1-dependent platelet activation
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Abstract

5-Lipoxygenase/cyclooxygenase inhibitors, possessing anti-inflammatory action and gastric safety due to cyclooxygenase-2 and 5-

lipoxygenase inhibition and antiplatelet activity due to cyclooxygenase-1 blockade, would be beneficial in the treatment of ischemic disease

because they may reduce, at the same time, inflammation, underlying the atherosclerotic process, and platelet activation, responsible for acute

thrombotic events. In this study, we characterized the antiplatelet effects of the new 5-lipoxygenase/cyclooxygenase inhibitor licofelone ([2,2-

dimethyl-6-(4-chlorophenyl)-7-phenyl-2,3,dihydro-1H-pyrrolizine-5-yl]-acetic acid). Licofelone completely prevented platelet aggregation

induced in platelet-rich plasma by threshold aggregating concentrations of arachidonic acid (0.87F 0.14 mM) at threshold inhibitory

concentrations of 0.75F 0.35 AM (n = 5). Platelet-rich plasma aggregation induced by threshold aggregating concentrations of collagen/

adrenalin (0.3F 0.05 Ag/ml and 0.4F 0.1 AM, respectively) was reduced to 3.2F 2% of control at licofelone 100 AM, (P < 0.05, n = 6).

Washed platelet aggregation induced by threshold aggregating concentrations of thrombin (0.07F 0.01 U/ml) was only partially affected by

licofelone at concentrations one or two order of magnitude higher than those fully preventing arachidonic acid-induced aggregation

(44F 11% of control at 100 AM, P< 0.05, n = 7). Failure to prevent aggregation triggered by high concentrations of collagen/adrenalin in

aspirin-treated platelets supports cyclooxygenase-1 as a specific target of licofelone. In fact, licofelone inhibited thromboxane B2 (TxB2)

production by all the agonists tested at concentrations between 0.5 and 50 AM. At this concentration, TxB2 production was reduced at values

similar to those of unstimulated platelets. These results indicate that, at clinically relevant concentrations, licofelone exerts a potent

antiplatelet effect mediated by the inhibition of cyclooxygenase-1 activity.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction activity, has been tested in hundreds of clinical trials and
Thrombosis—the current most common cause of ische-

mic disease such as myocardial infarction and stroke—is

the late complication of atherosclerosis, a progressive

inflammatory disease characterized by lipid infiltration in

the wall of large arteries (Ross, 1999). Platelet activation

plays a crucial role in thrombosis (Cerletti et al., 2002).

Antithrombotic therapy with aspirin, which at low doses

acts as a selective inhibitor of platelet cyclooxygenase-1
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shown to reduce by 25% both secondary (Antithrombotic

Trialists’ Collaboration, 2002) and primary (Hayden et al.,

2002) incidence of myocardial infarction and cerebrovas-

cular disease. However, a major limitation of aspirin is

given by its gastrotoxicity, which is mainly linked to

suppression of cytoprotective prostaglandins (Weil et al.,

1995).

Selective cyclooxygenase-2 inhibitors, which are anti-

inflammatory agents with lower gastrotoxicity than aspirin,

may also down-regulate inflammatory components of the

atherosclerotic plaque that play a major part in atherothrom-

botic disease (de Gaetano et al., 2003). Nevertheless,

experimental studies (de Gaetano et al., 2003) suggested

that selective blockade of cyclooxygenase-2 might increase

cardiovascular risk, possibly due to endothelial prostaglan-
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din I2 suppression with untouched platelet thromboxane

generation. However, the clinical evidence of an increased

risk of cardiovascular events in patients taking cyclooxyge-

nase-2 inhibitors remain controversial (Mukherjee et al.,

2001; Konstam et al., 2001).

Newly developed inhibitors of 5-lipoxygenase and cyclo-

oxygenase share the anti-inflammatory effect and gastric

safety of cyclooxygenase-2 inhibitors, but also inhibit cyclo-

oxygenase-1-mediated platelet function and 5-lipoxygenase-

mediated synthesis of inflammatory leukotrienes and might

thus be beneficial in the treatment of atherothrombosis (de

Gaetano et al., 2003). Licofelone ([2,2-dimethyl-6-(4-chlor-

ophenyl)-7-phenyl-2,3,dihydro-1H-pyrrolizine-5-yl]-acetic

acid, previously ML3000) is a cyclooxygenase and 5-lip-

oxygenase inhibitor in bovine and human platelets and

granulocytes in vitro (Laufer et al., 1994a, Rotondo et al.,

2002). It was specifically developed in search for an

analgesic and anti-inflammatory compound with higher

gastrointestinal safety than the classical non-steroidal anti-

inflammatory drugs and with advantages over selective

cyclooxygenase-2 inhibitors. Licofelone has shown anti-

inflammatory, analgesic, and antiasthmatic effects (Laufer

et al., 1994a; Laufer et al., 1995; Abraham et al., 1997). Its

anti-5-lipoxygenase activity is also responsible for reduced

gastrointestinal side-effects, as compared with conventional

non-steroidal antinflammatory drugs, which are mainly due

to leukotriene-induced polymorphonuclear leukocytes ad-

herence to gastric microvessels and consequent mucosal

injury (Wallace et al., 1994; Laufer et al., 1994b).

The aim of this study was to investigate the effect of

licofelone on in vitro human platelet activation induced by

cyclooxygenase-1-dependent agonists, such as arachidonic

acid, and by agonists only partially dependent on cyclo-

oxygenase-1 activity, such as the combination collagen/

adrenalin and thrombin.

The direct cyclooxygenase-1 inhibitor diclofenac (Todd

and Sorkin, 1988) and {(R)-2-[4-(quinolin-2-yl-methoxy)-

phenyl]-2-cyclopentyl acetic acid} (BAY-X1005), which

indirectly blocks 5-lipoxygenase activity by inhibiting its

translocation from the cytosol to the membrane (Hatzel-

mann et al., 1993), were used as reference compounds.
2. Materials and methods

2.1. Materials

Arachidonic acid (sodium salt), adrenalin, thrombin from

human plasma (2000 U/mg NIH protein), were from Sigma

(St. Louis, MO, USA); collagen was from Mascia Brunelli

(Milano, Italy); anti-thromboxane B2 (TxB2) monoclonal

antibody was kindly provided by Dr. G. Ciabattoni (Uni-

versity of Chieti, Italy). Licofelone, kindly provided by

Merckle (Ulm, Germany), was dissolved in dimethyl sulf-

oxide (DMSO). Diclofenac, provided by Alfa Wassermann

(Alanno, Italy), was dissolved in bidistilled water. BAY-
X1005 (R)-2[4-(quinolin-2-yl-methoxy)phenyl]-2-cyclopen-

tyl acetic acid, from Bayer (Wuppertal, Germany), was

dissolved in ethanol. Aspirin, water-soluble lysine salt

Flectadol, was from Maggioni (Milano, Italy).

2.2. Methods

Blood (anticoagulated with 3.8% of trisodium citrate,

9:1, vol/vol) was collected from the antecubital vein of

healthy volunteers, free from any medication for at least 2

weeks, under informed consent.

Platelets were isolated from whole blood using standard

procedures performed at room temperature (Rotondo et al.,

2002). Briefly, platelet-rich plasma was prepared by centri-

fuging whole blood at 250� g for 25 min. Washed platelets

were separated from platelet-rich plasma by centrifugation

in the presence of 2 AM prostaglandin E1, and the pellet was

then washed with 10 ml of HEPES-Tyrode buffer (129 mM

NaCl, 9.9 mM NaHCO3, 2.8 mM KCl, 0.8 mM KH2PO4,

5.6 mM dextrose, 10 mM HEPES, pH 7.4), containing 2 AM
prostaglandin E1 and 5 mM EGTA. Platelets were resus-

pended in HEPES-Tyrode buffer, containing 1 mM CaCl2
and 1 mM MgCl2.

In some experiments, platelet-rich plasma was treated

with 300 AM of aspirin for 30 min at room temperature, to

irreversibly block platelet cyclooxygenase-1. Absence of

aggregation in response to high concentrations (2–4 mM)

of arachidonic acid proved complete cyclooxygenase-1

inhibition.

2.3. Platelet aggregation and thromboxane B2

measurements

Platelet aggregation was studied in a lumiaggregometer

(Platelet Ionized Calcium Aggregometer, Chronolog, Mas-

cia Brunelli) at 37 jC, under constant stirring at 1000

revolution per minute (rpm). After 10 min of preincubation

at room temperature with licofelone, the reference drugs,

or their solvent (control), added in a volume not exceeding

0.5% of total sample, 500 Al platelet-rich plasma, or 500

Al of washed platelet suspension (at 2� 108 platelets/ml)

were stimulated with threshold concentrations of arachi-

donic acid, the combination of collagen/adrenalin, or

thrombin. Aggregation was recorded as change in light

transmission and quantified as peak height, in centimeters,

after 3 min of stimulation. Data are reported as percent of

platelet aggregation with respect to samples stimulated in

the presence of the same volume of the solvent (control).

Threshold aggregating concentration of agonists was de-

fined, for each individual sample, as the lowest concentra-

tion inducing maximal, irreversible aggregation (Di Minno

et al., 1979). Threshold inhibitory concentration of licofe-

lone was defined as the minimal concentration completely

preventing platelet aggregation.

TxB2, the stable metabolite of TxA2, was measured by

radioimmunoassay (Patrono et al., 1980) in the supernatant
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obtained by centrifuging platelet-rich plasma or washed

platelet samples for 3 min at 14,000 rpm, and expressed

as pmol/ml by comparison with a standard curve.

2.4. Statistical analysis

Data are presented as meansF S.E.M. for the indicated

number of independently performed experiments. Statistical

analysis was done by one-way analysis of variance

(ANOVA) followed by Dunnett’s test; a P value of 0.05

or less was considered significant.
Fig. 1. Effect of licofelone, diclofenac, and BAY-X1005 on platelet

aggregation induced by collagen/adrenalin combination (A) and thrombin

(B). After 10 min of preincubation at room temperature with the drugs or

their solvent (control), 500 Al of platelet-rich plasma (A) or of washed

platelet suspension (2� 108/ml) (B) were stimulated with threshold

aggregating concentrations of the indicated stimuli. Aggregation was

recorded as change in light transmission and quantified as peak height, in

centimeters, after 3 min of stimulation, at 37 jC, at 1000 rpm. Data

(meansF S.E.M, n= 5–7) are reported as percent of platelet aggregation in

control samples; *P< 0.05, as compared to control values, at one-way

ANOVA–Dunnett’s test.
3. Results

3.1. Effect of licofelone on platelet aggregation and

thromboxane B2 production

Licofelone completely prevented platelet aggregation

induced in platelet-rich plasma by threshold aggregating

concentrations of arachidonic acid (0.87F 0.14 mM, n = 5)

at threshold inhibitory concentrations of 0.75F 0.35 AM
(n = 5). Platelet aggregation by arachidonic acid was simi-

larly blocked by diclofenac (threshold inhibitory concen-

trations 0.75F 0.25 AM, n = 3), while it was not modified

by BAY-X1005.

Platelet aggregation induced in platelet-rich plasma by

threshold aggregating concentrations of collagen/adrenalin

(0.3F 0.05 Ag/ml and 0.4F 0.1 AM, for collagen and

adrenalin, respectively, n = 6) was inhibited by licofelone

in a concentration-dependent manner. The aggregation was

reduced to 59F 19% and 3.2F 2% of control at 1 and 100

AM, respectively (P < 0.05, n = 6). Diclofenac showed an

inhibitory effect similar to licofelone, while BAY-X1005

was ineffective (Fig. 1, panel A).

Raising collagen/adrenalin at concentrations that induce

platelet aggregation independently from TxA2 synthesis

overcame the inhibitory effect of licofelone (not shown).

Licofelone and diclofenac, up to 100 AM, did not affect

aggregation stimulated by collagen/adrenalin in aspirin-

treated platelet-rich plasma (not shown).

Washed platelet aggregation induced by threshold aggre-

gating concentrations of thrombin (0.07F 0.01 U/ml, n = 7)

was only partially reduced by 25 AM licofelone to 42F 14%

of control (P < 0.05, n = 7). Higher concentrations did not

enhance the inhibitory effect.

Diclofenac and BAY-X1005 partially inhibited platelet

aggregation induced by thrombin only at the highest

concentration tested (100 AM), to 57F 16% (P < 0.05)

and to 65F 18% of control (ns, n = 5), respectively (Fig.

1, panel B).

As with collagen/adrenalin, raising thrombin at concen-

trations that induce platelet aggregation independently from

TxA2 synthesis overcame the inhibitory effect of licofelone

(not shown).
Licofelone inhibited TxB2 production by all the ago-

nists tested at concentrations between 0.5 and 50 AM. At

this concentration, TxB2 production was reduced by lico-

felone at values similar to those of unstimulated platelets

(Table 1).

The effect of licofelone on platelet cyclooxygenase-1

activity was reversible. In fact, platelets in platelet-rich

plasma pretreated with licofelone 10 and 50 AM, washed

to eliminate the drug, and then stimulated with thrombin 0.5

U/ml, produced an amount of TxB2 corresponding to

81F 2% and 56F 1% of control platelets, respectively

(P < 0.05, n = 3, for both).



Table 1

Effect of licofelone on TxB2 production by platelets stimulated with

different agonists

Platelet-rich

plasma (pmol/ml)

Washed platelets

(pmol/ml)

Basal 0.5F 0.2 5.7F 1.4

Arachidonic acid Collagen/adrenalin Thrombin

DMSO 0.5%

(control)

405F 101 21F 7 48F 1.8

Licofelone (AM)

0.5 191F 90a – –

1 149F 50a 6.4F 1.5a 23F 10a

2.5 74F 36a 3.5F 0.7a 19F 3.5a

10 7.5F 4a 1.7F 0.3a 9.0F 5.0a

50 0.6F 0.1a 0.5F 0.1a 3.6F 1.7a

Platelet-rich plasma or washed platelets, preincubated with DMSO or

licofelone for 10 min at room temperature, were stimulated with threshold

aggregating concentrations of the indicated stimuli for 3 min at 37 jC, at
1000 rpm; TxB2 was measured by radioimmunoassay in the supernatant

obtained by centrifuging samples for 3 min at 14,000 rpm, and expressed as

pmol/ml by comparison with a standard curve. Data are meansF S.E.M.,

n= 3.
a P < 0.05, with respect to control values, at one-wayANOVA–Dunnett’s

test.
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The incomplete recovery of TxB2 after platelet washing

might be explained by the entrapment of the drug, which is

highly lipophilic, in the platelet membrane.

In the same conditions, acetyl salicylic acid-pretreated

platelets produced 0.7F 0.08% of TxB2 in respect to control

platelets (n = 3), which is in agreement with the known

irreversible acetylation of platelet cyclooxygenase-1 by

aspirin.
4. Discussion

This study shows that licofelone inhibits cyclooxyge-

nase-1-dependent platelet activation. In fact, at very low

concentrations, it completely prevents platelet aggregation

induced by arachidonic acid and partially prevents activa-

tion by the combination collagen/adrenalin. The latter only

in part depends on cyclooxygenase-1 activity and is restored

just slightly raising agonists concentrations (Cerletti et al.,

1986).

Licofelone inhibits platelet aggregation induced by

thrombin at concentrations one or two order of magnitude

higher than those fully preventing arachidonic acid-induced

aggregation.

Licofelone does not prevent platelet aggregation in-

duced by high concentrations of collagen/adrenalin, or of

thrombin, as well as in aspirin-treated platelets. Moreover,

the synthesis of thromboxane A2 (TxA2), the main

product of cyclooxygenase-1 enzymatic action on arach-

idonic acid in platelets, triggered by different stimuli is

strongly inhibited by licofelone in the same range of

concentrations.
All together, these results support the conclusion that the

platelet inhibitory effect of licofelone is mainly mediated by

cyclooxygenase-1 blockade.

This indication is reinforced by the similar behaviour of

the cyclooxygenase-1 inhibitor diclofenac, and by the lack

of effect of the 5-lipoxygenase inhibitor BAY-X1005 in the

same experimental systems.

The concentrations of licofelone active on platelets in

vitro are in the range of the peak plasma levels (from 2 to 7

AM) measured in healthy volunteers after single or 7 days

oral administration of 200 mg of the drug (Albrecht et al.,

2002).

In conclusion, our results confirm and extend previous

findings on antiplatelet effects of licofelone (Tries et al.,

2002). The anti-cyclooxygenase-1 activity, combined with

its anti-inflammatory action, make this type of drug of

potential interest for the treatment of atherothrombosis.
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