Am J Cardiovasc Drugs (2013) 13:377-384
DOI 10.1007/s40256-013-0044-1

LEADING ARTICLE

Aspirin Discontinuation Syndromes: Clinical Implications of Basic

Research Studies

Christian Doutremepuich - Omar Aguejouf -
Vanessa Desplat - Francisco X. Eizayaga

Published online: 18 September 2013
© Springer International Publishing Switzerland 2013

Abstract Abrupt discontinuation of many drugs used in
medicine causes withdrawal syndromes, some of which can
be fatal. Discontinuation of a number of cardiovascular
drugs can increase the risk of cardiovascular events.
Whereas aspirin administration is known to decrease the
risk of vascular ischemic problems, aspirin withdrawal may
temporarily increase the risk of thrombotic events. Indeed,
aspirin withdrawal has been associated with an increased
risk of thrombosis both in clinical and fundamental
research studies. Such complications occur within the first
month after interrupting aspirin therapy and their mecha-
nism remains unexplained. We have previously demon-
strated that aspirin, when injected as a single high dose
(100 mg/kg), induces a prothrombotic state in the rat,
similar to that described above, 8 and 10 days after
administration. This effect in the rat may be reproduced 1
hour after a single injection of ultra-low-dose aspirin.
Caution is therefore required regarding the possibility of
drug discontinuation effects within the framework of drug
safety evaluation.

1 Introduction

Aspirin remains the most widely used drug for the pre-
vention of vascular events. It has shown a positive effect
in patients with acute myocardial infarction and in the
prevention of atherothrombotic events [1, 2]. Recent
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observational epidemiological evidence has raised the
concern that aspirin withdrawal can carry an increased
thrombotic risk. This risk appears to be increased for
ischemic stroke [3-5], cardiovascular problems [6-12],
and acute lower limb ischemia [13]. The delay between
aspirin discontinuation and the thrombotic event was
between 7 and 30 days in most reports and most com-
monly between 7 and 10 days. The stroke occurred
7.4 £ 1.26 days after discontinuation of the treatment.
Fischer et al. [6] reported a 1.52-fold risk of acute
myocardial infarction (95 % confidence interval
1.33-1.74) in patients who stopped taking non-steroidal
anti-inflammatory drugs (NSAIDs) between 1 and
29 days before testing compared with non-users. Ferrari
et al. [7] supports the hypothesis that aspirin withdrawal
may represent a real risk for the occurrence of a new
coronary event. Eisenberg et al. [14] showed that the
discontinuation of aspirin increased the risk of drug-
eluting stent thrombosis around day 8 after
discontinuation.

Cyclooxygenase-1 (COX-1) catalyzes the transforma-
tion of arachidonic acid to the unstable intermediate
prostaglandin PGH,. Subsequently, thromboxane syn-
thase acts on PGH, to form TXA,, a transient biological
product that induces platelet aggregation and has pow-
erful vasoconstrictor effects. Aspirin acts primarily by
interfering with the biosynthesis of the cyclic prostanoids
TXA,, prostacyclin, and other prostaglandins. It irre-
versibly inhibits COX-1 by acetylation of serine-530 and
induces a long-lasting functional defect in platelet func-
tion. The resultant decrease in production of prosta-
glandins and TXA, probably accounts for much of
aspirin’s antithrombotic effect [15, 16]. The plasma half-
life of aspirin is only 20 min in circulating blood.
Thereafter, it is rapidly deacetylated and converted to
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salicylate in vivo. Salicylate does not affect COX-1 or
COX-2 activity [17].

Because platelets cannot generate new COX, the effects
of aspirin last for the duration of the life of the platelet
(8 days). After a single dose of aspirin, platelet COX
activity recovers by 10 % per day in parallel with platelet
turnover. Although it may take 8 days for the total platelet
population to be renewed, it has been shown that if as few
as 20 % of the platelets have normal COX activity,
hemostasis may be normal.

TXA, and PGI, have opposing effects on hemostasis,
but the data suggest that the antithrombotic effects of
TXA, inhibition predominate over the possible prothrom-
botic effects of PGI, inhibition [15].

The usual antithrombotic dose of acetylsalicylic acid
(ASA) ranges from 80 to 500 mg/day. Platelet inhibition, as
indicated by aggregometry, occurs very rapidly: within 5 min
of ingestion of lysine acetylsalicylate 320 mg and within
30-60 min of oral administration of ASA 320 mg [18].

As COX-1 inhibition by aspirin is irreversible, there is a
cumulative inhibition of TXA, generation by platelets when
low doses of aspirin are administered over a long time [19].
There is a non-linear relationship between inhibition of
platelet TX A, generation and inhibition of TXA,-dependent
platelet aggregation. More than 95 % inhibition of TXA,
generation is necessary to influence platelet function [20].
With low-dose aspirin, platelet thromboxane falls below
95 % after only a few days. Nevertheless, both low-dose
(40-60 mg) and high-dose (500 mg) aspirin suppresses
thromboxane A, synthesis by >95 % [21, 22].

Recently published surveys have warned about the
increased risk of thrombosis after aspirin discontinuation,
which includes acute coronary syndromes, stent-associated
thrombosis, acute myocardial infarction, ischemic stroke,
and lower limb ischemia [4-12].

The delay of several days observed between aspirin
withdrawal and the thrombotic event raises the possibility
that aspirin might have some long-lasting prothrombotic
effect. The hypothesis of a reverse effect and different
aspects of the prothrombotic effects of aspirin have been
studied in our laboratory.

To observe in vivo the intimate nature of changes in the
pathophysiology of thrombosis, endothelial cells, sub-
endothelial collagen and platelets should be present in the
most unmodified manner.

2 Experimental Investigations
2.1 Laser-Induced Thrombosis Model (LITM)

In 1993, we used a laser-induced thrombosis model
(LITM) in mesenteric vessels [23]. This model allows

A\ Adis

the induction of localized endothelial destruction of
single cells, leading to physiological blood disturbances,
platelet activation and adhesion to the exposed sub-
endothelium.

Vascular lesions were produced by argon laser. The
laser beam was coaxially inserted into the induced light
beam of a microscope. The wavelength used was 514.5 nm
and the energy was adjusted to 120 mW. The exposure
time for the laser shot was 1/15 s. Microscopic images
were recorded by a videotape recorder through a video
camera and monitored on the television screen. The
dynamic course of thrombus formation was continuously
monitored and the time of the experiment was recorded
automatically.

The spot for a single laser shot was positioned on the
endothelium at the border between the luminal portion of
the vessel wall and the lumen of the arteriole. The
results were evaluated by direct observation through the
microscope and by recording the total sequence of
intravascular reaction. At least three parameters were
measured: (1) the number of laser injuries (LI) required
to induce platelet thrombus formation (when no visible
thrombus occurred after the first shot, a second, third,
and fourth laser shot were applied to the vessel at the
same site as the first one, 1, 5, and 8 min, respectively);
(2) the number of emboli (NE) removed by the blood
stream after thrombus formation; and (3) the duration of
embolization (DE) in minutes.

To validate this model, higher doses of aspirin were
initially tested (50, 100, and 200 mg/kg rat weight) and
also ultra-low-dose aspirin (ULDA). The three high doses
increased the number of LI required to start embolization in
a dose-dependent manner, and the NE and the DE were
significantly decreased [23, 24].

2.1.1 The Effect of Different Doses of Aspirin, Including
Very Low Doses in an LITM

ASA dilution was prepared as follows: 1 g of pure, finely
powdered ASA was suspended in 99 mL alcohol (70°).
After vigorous shaking, 1 mL of this dilution was then
mixed in 99 mL of distilled water and vigorously shaken.
This process was repeated to the last dilution (see Table 1
for doses and groups distribution).

The products studied were saline control, salicylate
100 mg/kg, aspirin 100 mg/kg, and decreasing doses of
aspirin covering a highly extended dose range. Aspirin
100 mg/kg bodyweight showed an antithrombotic effect
with a decreased formation of emboli and DE. Importantly,
the ULDA (107%° and 107% mg/kg rat bodyweight)
showed a prothrombotic effect increasing the NE and the
DE (see Table 2) [25].
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Table 1 Groups studied and doses

Groups Products Doses (mg/kg)
Group 1 Isotonic saline solution 1 mL/kg
Group 2 Salicylate solution 100
Group 3 Aspirin 100
Group 4 Aspirin 1

Group 5 Aspirin 1072
Group 6 Aspirin 107
Group 7 Aspirin 1076
Group 8 Aspirin 1078
Group 9 Aspirin 10710
Group 10 Aspirin 107'%
Group 11 Aspirin 107
Group 12 Aspirin 10790

2.1.2 Study of Thromboembolic Complications Several
Days After a Single-Dose Administration of Aspirin
with LITM in Rats

This effect was studied with the injection of one anti-
thrombotic dose of aspirin (100 mg/kg bodyweight) and by
performing laser-induced thrombosis 2, 4, 6, 8, 10, 12, 14,
and 16 days after the injection [26].

The products tested were injected subcutaneously into
the thorax. The time corresponding to the administration of
the product is noted as Ty. Different groups were defined
according to the number of days between aspirin admin-
istration and the laser-induced thrombosis. To induce
thrombosis, the small intestine was exteriorized through a
median laparotomy and the mesentery was spread flat on a
glass plate mounted on the microscope table. Investigation
was performed in vessels of the same diameter (15-25 pm)
of the flat-free portion of the mesentery. At least seven rats

were studied in each group. Test and control animals were
selected at random.

Two days after administration, aspirin still demonstrated
potent antithrombotic activities. In fact, compared with the
control group, aspirin administered at 100 mg/kg 2 days
before thrombosis induction decreased the NE and reduced
the DE (p < 0.05). An opposite effect of the administration
of aspirin (100 mg/kg) 8 days and, to lesser extent, 10 days
before thrombosis induction was observed, since the NE
was increased and the DE was prolonged (p < 0.05) [26].
There was a potent antithrombotic effect 2 days after
injection (T + 2 days). Thrombus formation was signifi-
cantly increased at T, + 8 days and T, + 10 days,
expressing in healthy rats results similar to the observa-
tional epidemiological data described above [6]. This
experiment clearly demonstrated the antithrombotic effect
of aspirin 2 days after injection and showed that a pro-
thrombotic state can be observed several days after a single
aspirin dose in healthy rats for a given period of time. A
rebound effect could not be ruled out in this experiment,
but this effect was observed in normal rats and was similar
to the prothrombotic effect of ULDA produced 1 h after
aspirin injection.

This investigation demonstrated three phases of ASA
action according to the delay between its administration
and the laser-induced thrombosis. First, aspirin showed a
potent antithrombotic effect that disappeared 3 days after
administration. The difference between the control group
and the ASA group 2 days after administration reached the
level of significance (p < 0.05). In the second phase,
aspirin did not show any effect between 3 and 7 days after
administration. In contrast, 8§ and 10 days after adminis-
tration, aspirin increased the NE and the DE, testifying to
its prothrombotic properties.

The administration of aspirin 100 mg/kg can first pre-
vent the thrombus formation induced by endothelial cell

Table 2 The effects of

acetylsalicylic acid (ASA) used Groups (mg/kg)

Number of laser injuries

Number of emboli Duration of embolization (min)

at different doses in the laser-

¢ k NaCl 0.9 % 1.44 + 0.53

induced thrombosis model .

(LITM) Salicylate 1.67 £ 0.71
ASA 100 1.70 + 0.82
ASA 1 1.56 £ 0.53
ASA 1072 1.60 + 0.97
ASA 1074 2.00 £ 0.93
ASA 1076 1.50 + 0.71
ASA 1078 1.44 + 0.53
ASA 10710 1.60 &+ 0.97
ASA 10718 1.29 + 0.49

—30

Values are means & SD ASAT0 " 1.62 +0.52

ASA 107 1.67 + 0.52

*p <0.05

6.89 £ 2.15 3.00 £ 1.22
6.37 £ 1.92 2.87 £0.83
2.00 £ 1.20%* 1.20 £ 0.40*
6.78 £ 2.39 3.00 £ 1.66
6.80 £ 2.70 290 £ 1.45
8.25 + 4.06 4.12 £ 253
8.63 + 3.25 4.00 £ 2.07
7.89 £ 2.71 3.67 £ 1.50
9.67 £3.20 4.00 £+ 1.80
12.80 & 3.60* 5.40 £+ 1.60*
16.10 £ 1.20%* 7.10 £ 1.40%*
11.00 £ 3.40%* 5.00 £ 1.90*
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damage. However, a long time after the treatment, it
increases the risk of thromboembolic complications.
Therefore, the effect of aspirin may depend on the drug
concentration in the microvasculature, its pharmacokinet-
ics, and its availability as ASA at the vascular level. The
effect may be related to an ‘effect curve,’ i.e., small con-
centrations of aspirin causing large changes in effect on a
very steep concentration gradient. This would be in
accordance with the prolonged presence of the drug at least
up to 6 h after oral administration, despite the transient
duration of its effects. Another mechanism could be the
generation or the activation of the synthesis of an active
metabolite with prothrombotic activity or the inhibition of
the synthesis of an agent with antithrombotic activity by
ultra-low concentrations in plasma. Such an effect has been
previously reported by Czevionke et al. [27]. Thus, inhi-
bition of vascular COX by administration of aspirin could
lead to the generation of platelet activating factor (PAF),
which is a potent stimulus for the activation of platelets
[28] and could cause subsequent endothelial injury.

The mechanism of this action is unknown, but it could
be due to the accumulation of very small doses of aspirin in
the microvasculature or to other as yet unknown actions.
This prothrombotic activity of aspirin 8 days after a single-
dose administration may explain the thromboembolic
phenomenon observed in patients when they stop aspirin
treatment. These findings should be taken into consider-
ation if the end of aspirin therapy is planned, and suggest
the need for further studies.

3 Possible Mechanisms Explaining the Opposite Effects
of Aspirin on Platelet Activity Depending on the Dose
Administered

3.1 Effects of Administration of Aspirin Alone
or Associated with Specific Cyclooxygenase-1
(COX-1) or COX-2 Inhibitors

We first studied the effects of aspirin when administered in
different doses alone or in association with specific COX-1
(8C-560) or COX-2 (NS-398) inhibitors tested at different
doses (2.5, 5, 7.5, and 10 mg/kg) or their association at
10 mg/kg in the LITM. This study aimed to clarify the
effect of the lower end of the aspirin dose-response curve,
the differences observed with higher doses, the possible
mechanism involved and its clinical implications.

3.1.1 Drug Levels Tested
The amounts of 1 mg/mL and 100 mg/mL were obtained

by dilution of a solution of acetylsalicylate. Other aspirin
dilutions were prepared as follows: 1 g of pure, finely
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powdered aspirin was suspended in 99 mL of alcohol
(70°). After being vigorously shaken, 1 mL of this
dilution was then mixed with 99 mL of distilled water
and vigorously shaken (dilution 1). The latter process
was repeated until the required dilutions were obtained:
4-fold (dilution 5), 8-fold (dilution 9), and 14-fold
(dilution 15). Alcohol and sterilized water according to
the abovementioned procedures without adding aspirin
were used as placebo for the dilutions 1, 5, 9, and 15.
Sterilized water for injectable preparations was used as
placebo for groups receiving 100 mg/kg or 1 mg/kg of
aspirin. Aspirin or the corresponding placebo was
administered subcutaneously to rats at a final volume of
1 mL/kg bodyweight. The different placebos were used
to avoid interference due to the different kinds of aspirin
preparation used.

Selective COX-1 (SC-560) and COX-2 (NS-398)
inhibitors were suspended in carboxy-methyl-cellulose
(CMC) 0.5 g/L at a final volume of 1 mL/kg bodyweight.
The CMC solution without the inhibitors was used as
placebo. Selective COX inhibitors were administered per
os to rats at doses of 2.5, 5, 7.5, or 10 mg/kg when used
alone and at a dose of 10 mg/kg when both were admin-
istered simultaneously [29].

3.1.2 Distribution of Groups

This study comprised five experiments as follows:

Experiment 1 Action of aspirin 100 mg/kg alone or
associated with specific COX-1 (SC-560) or COX-2 (NS-
398) inhibitors tested to increasing amounts (2.5, 5, 7.5,
and 10 mg/kg) or their association at 10 mg/kg on throm-
bosis and hemostasis.

Experiment 2 Action of aspirin 1 mg/kg alone or asso-
ciated with specific COX-1 (SC-560) or COX-2 (NS-398)
inhibitors tested to increasing amounts (2.5, 5, 7.5, and
10 mg/kg) or their association at 10 mg/kg on thrombosis
and hemostasis.

Experiment 3 Action of aspirin in dilution 5, 1 mL/kg
bodyweight alone or associated with specific COX-1 (SC-
560) or COX-2 (NS-398) inhibitors tested to increasing
amounts (2.5, 5, 7.5, and 10 mg/kg) or their association at
10 mg/kg on thrombosis and hemostasis.

Experiment 4 Action of aspirin dilution 9, 1 mL/kg
bodyweight alone or associated with specific COX-1 (SC-
560) or COX-2 (NS-398) inhibitors tested to increasing
amounts (2.5, 5, 7.5, and 10 mg/kg) or their association at
10 mg/kg on thrombosis and hemostasis.

Experiment 5 Action of aspirin dilution 15, 1 mL/kg
bodyweight alone or associated with specific COX-1 (SC-
560) or COX-2 (NS-398) inhibitors tested to increasing
amounts (2.5, 5, 7.5, and 10 mg/kg) or their association at
10 mg/kg on thrombosis and hemostasis.
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Experimental groups:

Aspirin or its corresponding placebo
tested at 100 mg/kg or 1 mg/kg or dilution 5 or dilution 9 or
dilution 15

These amounts were tested alone or associated with the inhibitors

A A

y A 4

Without SC-560
inhibitor 2.5,5,75o0r
10 mg/kg

NS-398 SC-560 + NS-398
2.5,5,7.50r 10 mg/kg
10 mg/kg

[l

All these combinations correspond to 5 experiments of 20 groups each and each group
comprised 10 rats. The whole study included 1000 rats, 200 rats in each experiment.

Results showed that aspirin at 100 mg/kg decreased
thrombus formation. This effect of the higher dose of
aspirin was similar to the effect of selectively inhibiting
COX-1. Interestingly, the addition of selective COX-1
inhibition with SC-560 or 100 mg/kg of aspirin had the
same effect. These effects were not synergistic, as both are
thought to function through the same mechanism on
thrombus production [30]. Selective COX-2 inhibition did
not modify the antithrombotic effect of aspirin at the
highest dose, probably owing to the vasoconstriction
involved in COX-2 inhibition.

Aspirin at 1 mg/kg has a less marked effect by mildly
decreasing NE. A significant increase in NE and DE
occurred with ULDA, confirming previous data [24].
After selective COX inhibition at different doses, ULDA
gave a radically different result from that of aspirin at
100 mg/kg. Administration of ULDA to rats previously
treated with the selective COX-2 inhibitor produced no
further effect. These observations led us to conclude that
high dilutions of aspirin have a COX-2 inhibiting effect
[30]. This prothrombotic reaction is not modified by
COX-2 inhibition, although it is decreased somewhat by
the antithrombotic effect of selective COX-1 inhibition.
This decrease in the prothrombotic effect of ULDA
could be due to a partially protective effect in the
platelets against COX-1 inhibition. Another possible
explanation is the prothrombotic effect of COX-2 inhi-
bition counterbalanced to some extent by the decrease in
platelet TXA, production observed after selective COX-1
inhibition. A group treated with both COX-1 and COX-2
inhibitors plus the dilutions of aspirin underwent the
same detrimental effect.

Aspirin modified thrombi production by decreasing the
number with higher doses and increasing it with ultra-low
dose. The lowest dilution studied had the effect of pro-
tecting COX-1 against inhibition or directly inhibiting
COX-2, leading to a strong prothrombotic state.

3.2 Effects of Aspirin on Genetically Modified
Homozygous Male Mice

To confirm these results, we designed an experiment using
72 genetically modified male homozygous knockout mice
without COX-1 (COX-1 —/—) and 72 knockout mice
lacking COX-2 (COX-2 —/—) to evaluate primary
hemostasis. Aspirin doses used were 100 mg/kg body-
weight, 1 mg/kg bodyweight and aspirin 1/100 dilutions
number 5 (dilution 5), 9 (dilution 9) and 15 (dilution 15),
which were obtained by successive 1/100 dilution as
described above. Sterilized water was used as placebo. All
drugs were injected subcutaneously at a final volume of
1 mL/kg bodyweight.

In this study, we used healthy mice and the male
homozygous COX-1 —/— and COX-2 —/— mice
(knockout).

Distribution of groups

COX-1 —/— or COX-2 —/— knockout mice were dis-
tributed in six groups (n = 12 per group) respectively:

Group 1: Placebo (sterilized water)

Group 2: Aspirin 100 mg/kg

Group 3: Aspirin 1 mg/kg

Group 4: Aspirin dilution 5

Group 5: Aspirin dilution 9

Group 6: Aspirin dilution 15
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The NE and DE in COX-1-deficient mice were clearly
decreased with placebo when compared with COX-2-
deficient mice, highlighting the importance of COX-1-
generated TXA, in platelets and indicating the presence of
an antithrombotic mechanism different to COX-1 inhibi-
tion at this dose. This model of COX-1 —/— mouse is
known to produce alterations in platelet aggregation.
Explanations for this effect may include compensation in
COX-1 and COX-2 activity or an interaction between COX
and NO synthase, as suggested by Skill et al. [31], or an
effect of aspirin outside the mechanism of COX inhibition,
e.g., increased NO synthesis by the endothelial cell, as
suggested by Taubert et al. [32]. Although intermediate
doses did not show any significant effects, there was a clear
antithrombotic effect of high-dose aspirin in COX-2-defi-
cient mice and a prothrombotic effect with the lowest
dilution in COX-1-deficient mice. These results clearly
confirm that although high-dose aspirin (100 mg/kg) exerts
its primary antithrombotic effect through COX-1 inhibi-
tion, dilution 15 acts via COX-2 inhibition to induce
thrombosis.

In COX-1-deficient mice, aspirin had a mild anti-
thrombotic effect at a high dose (100 mg/kg) and a strong
prothrombotic effect at dilution 15. Both effects were
independent of COX-1 activity. Dilution 15 had no effect
in COX-2-deficient mice. The effect observed with the
lowest dose (dilution 15) suggests that the prothrombotic
effect after aspirin withdrawal is directly due to residual
amounts of aspirin rather than because of a rebound effect,
and that the complications observed after aspirin discon-
tinuation may arise from this, as yet, unrecognized effect.

4 Discussion

Drug withdrawal effects are usually disregarded in phar-
macology. The recent demonstration of increased mortality
after discontinuation of aspirin prophylaxis, especially in
the first 5-7 days after stopping treatment, indicates the
need to elucidate the mechanisms underlying this effect.
Rebound effects may explain a part of the mechanisms
involved. The possibility of medication discontinuation
syndromes arising on cessation of drugs administered for a
long time requires more research and attention to reduce
the potential harm that discontinuation may cause.

When a drug is stopped, the underlying state can recur.
The withdrawal syndromes seem to have different biolog-
ical bases. Some examples of cardiovascular disease
exacerbation, with some fatalities, after cessation of spe-
cific cardiovascular drugs are described below.

Some of the first biological and clinical studies dem-
onstrated that urinary excretion of both 6-keto-prostaglan-
din Flo and TXB, were elevated 2 weeks after aspirin was
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stopped [33]. A few years later, it was demonstrated that
although platelets are inhibited by a single dose of aspirin,
fibrinogen binding to activated platelets was increased
6 days after the dose compared with baseline, as was ara-
chidonic acid-induced platelet aggregation [34]. The effect
of aspirin discontinuation was also demonstrated on fibrin—
fibrinogen interaction [35]. Sudden discontinuation of
long-term aspirin therapy seemed to increase the risk of
acute coronary thrombosis [12]. As studies continue to
focus on this problem, the biological and clinical evidence
for a potential aspirin discontinuation effect increasing the
risk of thrombotic events has accrued. The rebound effect
caused by discontinuation of aspirin has been reviewed
with the severe adverse clinical consequences described
and the risk of enhanced ischemic stroke [36].

The abovementioned results showed that ULDA alone
exerts prothrombotic activities and increases the NE and
the DE. Specific COX-1 inhibition has antithrombotic
effects in rats. On the other hand, specific COX-2 inhibi-
tion has prothrombotic activities that are not enhanced by
the administration of ULDA. High-dose aspirin in COX-1-
deficient mice has a mild effect by decreasing thrombosis
and a strong prothrombotic effect at dilution 15. Both
effects are independent of COX-1 activity. Dilution 15 has
no effect in COX-2-deficient mice, an effect that might be
directly due to residual amounts of aspirin rather than to a
rebound effect. The complications observed after aspirin
discontinuation may arise from this, as yet, unrecognized
effect. These results suggest that the prothrombotic effects
of ULDA may occur via a COX-2 pathway rather than via
a COX-1 route. This would explain the reported throm-
boembolic complications observed several days after
aspirin withdrawal, a phenomenon usually interpreted as a
rebound effect. However, this study suggests that this
thromboembolic complication is more likely a direct effect
of ULDA via COX-2 inhibition.

5 Conclusions

These experiments demonstrate that the withdrawal of
aspirin can induce a prothrombotic state several days later.
This prothrombotic state is reproducible after the admin-
istration of ULDA, which can induce the same prothrom-
botic state 1 hour after administration. The mechanism of
this effect includes COX-2 inhibition. Further work is
required to prevent this negative effect, which is certainly
not specific to aspirin. When they are stopped, other drugs
might promote a similar secondary effect at ultra-low
doses.

These findings could have important implications for
public health and also highlight the importance of extended
dose-response studies for pharmaceutical compounds
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beyond toxic and therapeutic doses. Moreover, they show
that the presence of an inactive dose threshold does not
imply inactivity at lower concentrations, which might be
the unexpected source of side effects.

Further research is warranted to better understand drug

withdrawal effects. This will hopefully make it possible to
safely withdraw aspirin and possibly other drugs.
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