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Running title
Etodolac does not inhibit platelet aggregation.

ABSTRACT
To date, platelet aggregation studies have not been formally evaluated in persons receiving Etodolac, a
preferential cyclooxygenase-2 (COX-2) inhibitor. Our purpose was to investigate the influence of
Etodolac in therapeutic (analgesic) doses (300 mg every 12h) on platelet aggregation as compared to
placebo in healthy volunteers. Platelet aggregation, the primary efficacy variable in this trial, was
performed according to the Born method with platelet rich plasma; it was evaluated as maximal
platelet aggregation induced by 3 substances (adenosine diphosphate (ADP), epinephrine, collagen);
each of these substances was used at 3 different concentrations. No significant difference in platelet
aggregation as assessed by Born aggregometry was seen in volunteers treated with etodolac or
placebo. Etodolac - applied in regular analgesic doses to volunteers - does not show an inhibitory effect
on platelet aggregation and therefore seems an attractive analgesic substance for the perioperative
setting.
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Introduction

observed [16-18].

Research into cyclooxygenase inhibition lead to the

Only minimal renal side effects have been described [19-

identification of a constitutional cyclooxygenase activity

21],

(cyclooxygenase 1, COX-1), which can be distinguished

developing a membranous nephropathy [22].

from

a

cytokine-induced

cyclooxygenase

activity

(cyclooxygenase 2, COX-2) [1]. With the use of
cyclooxygenase inhibitors as anti-inflammatory agents
and analgesics, unwanted side effects such as mucosal
toxicity can occur. It was postulated that such side
effects are mainly associated to the effects of COX-1
inhibition [2]; and that preferential inhibition of COX-2
would therefore decrease this type of toxicity [3]. This
lead to the development of preferential COX-2 inhibitors
with effective anti-inflammatory and analgesic effects
documented [4,5]. As postulated, it became apparent
that COX-2 inhibition was indeed associated with a lower
degree of mucosal toxicity [6]. It was also shown that
COX-2 activity is not involved in platelet thromboxane
biosynthesis [7] and that selective COX-2 inhibition thus
does

not

effect platelet

thromboxane

A2

(TxA2)

dependent platelet aggregation [8]. No such studies
®

with

one

patient

with

rheumatoid

arthritis

A previous study [23] showed that the analgesic effect
of a short-term treatment with etodolac after coronary
artery bypass operation is superior to tramadol. In that
study, a trend toward a faster pain reduction with
etodolac as compared with diclofenac was observed,
suggesting that the analgesic effect of etodolac in that
setting is at least as effective as that of diclofenac.
Therefore, it is of interest to know in addition whether
Etodolac has any effect on platelet aggregation. The
objective of this study was thus to investigate the
influence of Etodolac in therapeutic doses on platelet
aggregation

as

compared

to

placebo

in

healthy

volunteers as no studies on platelet aggregation with the
use of Etodolac has been published so far.
Experimental procedures, Materials and Methods
The study was approved by the institutional review

were published on the use of Etodolac (Lodine , Sigma-

board and was registered with the swiss federal

Tau Pharma AG, Zofingen, Switzerland) in humans so

regulatory board (Swissmedic 2005DR1357). Volunteers

far.

(20 to 50 years of age, table 1) gave written informed

Analgesic drugs that modify enzymatic pathways can
influence platelet aggregability and use of non-steroidal
anti-inflammatory drugs (NSAIDs) may lead to increased
perioperative bleeding risk [9,10], a side effect seen
with COX inhibitors [11]. Perioperative bleeding is
becoming a more important issue for various reasons,
including the increased frequency of regional anesthesia.

consent. This study was designed as an open-label, crossover,

randomized,

prospective,

monocentric,

placebo-

controlled study.

Determination of sample size
For the primary variable, a normal distribution was
assumed. We anticipated a mean aggregation of 80% of
the normal (± 15%) in the placebo group. A mean of

Etodolac, a COX inhibitor that was introduced in the

65% (± 15%) (i.e. a difference of 15%) was considered

1980s has been marketed world-wide. In 1999, it was

as a clinically significant deviation. The power calculation

identified as a preferential COX-2 inhibitor [12]. Which

was performed as specified for AB/BA (two-stage cross-

was, however, shown not to be significantly selective

over) trials. To reach a power of 80%, a sample size of

towards COX-2 [13,14,15]. However, up to date in

12 subjects was thus needed.

medical practice neither an increased risk of bleeding nor
an increased risk of cardiovascular side effects had been
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Table 1. Demographic data: age, gender

ITT population

PP population

n

%

n

%

19

100

15

100

20-29

6

31.6

4

26.7

30-39

4

21.1

3

20

40-49

9

47.4

8

53.3

19

100

15

100

female

11

57.9

8

53.3

male

8

42.1

7

46.7

Total
Age (years)

Total
Gender

The sequence of treatment allocation with randomization

Before enrolment, a complete medical history was taken

was blockwise (5 volunteers per block).

and a physical examination was performed. Laboratory
parameters evaluated at this point were liver function,

In-/Exclusion criteria
Exclusion criteria included the use of NSAIDs in the last
14 days before study entry; known hypersensitivity to

renal parameters and complete blood count.
Treatment

any active or inactive ingredient of the study medication

All subjects received Etodolac batch number 5LX002

or placebo; history of allergic reactions to acetyl salicylic

(Lodine®) (300 mg) and placebo batch number 1104

acid or other NSAIDs; use of platelet inhibiting

(containing 53 mg lactose monohydrate, 55 mg Avicel®

medication during the last 30 days before study entry;

PH 101, 5 mg AcDiSol® and 2 mg sodium stearyl

diagnosis of malignancy; any history of cardiovascular,

fumarate).

respiratory, renal, hepatic, haematological, neurological
or psychiatric pathologies; a history of gastric and / or
duodenal ulcers or other gastrointestinal bleeding;
inflammatory bowel diseases; history of thromboses;
history of bleeding, alone or in conjunction with NSAID
use;

concomitant

medication

(except

oral

contraceptives); women of child-bearing potential not
willing to subject to a medically accepted method of
contraception;

pregnant

or

nursing

women;

and

participation in another clinical trial in the 30 days

The number of tablets of the study medication handed
out to and returned by the patients was documented.
Study medication (Etodolac or placebo) was dispensed
for 7 days; the volunteers were asked to take the study
medication as prescribed every 12 h and to return to the
clinic after 7 days for visit 2. With each visit at the clinic,
the volunteers had to return the blisters used for the
study medication, thus allowing the investigators to
document the number of pills apparently consumed by
the volunteer. The investigators also questioned the

preceding the study.
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volunteers if they had consumed the pills taken from the
blisters. At this point, the volunteers were also queried
about the occurrence of adverse events (AE) and serious
adverse events (SAE); all prior examinations were
repeated. Thereafter, a 7 day washout period started.
After the washout period, all examinations were
repeated again (visit 3) and the volunteers received the

significance level.
A complete analysis according to an AB/BA-trial with 2
treatments (active agent and placebo) and 2 treatment
periods was performed. The influence of the active agent
on platelet aggregation as compared to placebo was tested
using ANOVA (analysis of variance).

alternate study medication (placebo or Etodolac) for 7

The data entry was performed in a database of Microsoft

days. After another week, all examinations were

Office Access 2003, Version 11.0, using forms with

repeated once more and the study was concluded (visit

plausibility checks. No double data entry was done.

4).

The data analyses were performed using SPSS 13.0

Aggregation studies

software (descriptive analysis) and R 2.0.1 software

Platelet aggregation studies were performed in platelet

(statistical analysis).

rich plasma according to the Born method [24] on an
APACT 4004 aggregometer (Haemochrom Diagnostica
GmbH, Essen, Germany) using low, medium and high
concentrations of ADP, epinephrine and collagen as
inductors.

Platelet

aggregometry

was

performed

according to the local standard operating procedure,
including adjustment of platelet count to 250 G/l with

Analyses were done for the ITT (intention to treat; all
randomized subjects with at least one intake of the
trial medication) and the PP (per protocol; excluding
subjects that had either violations of the inclusion/
exclusion criteria, or violations of the study protocol,
or dropped out of the study prematurely) population.

autologous plasma.

Results

Outcome parameters

The ITT population comprised 19 subjects (11 females).

The primary efficacy variable in this trial was the extent

The PP population included 15 subjects (8 females).

of platelet aggregation during treatment with Etodolac

Mean age ± standard deviation (SD) in this population

or placebo. Platelet aggregation was evaluated as

was 37.1 ± 9.5 years.

percent of maximal amplitude of platelet aggregation
induced by 3 substances (adenosine diphosphate (ADP),
epinephrine, collagen) with series of platelet aggregation

No abnormal laboratory value was observed in any
volunteer during the study.

responses at 3 different “dose levels”, i.e. concentrations

Of the ITT population comprising 19 subjects; one

(ADP and epinephrine: 1.25µM, 5µM, 10µM; collagen:

volunteer was taken off study after visit 1 due to

1.25µg/ml, 5µg/ml, 10µg/ml).

possible adjudication bias (this person was referred by

As the measurement method remained the same in all
instances, the model was performed with the mean
value of the measurements of the 3 substances at each
point in time.

leaving a PP population of 15 subjects. All 3 volunteers
with protocol violations finished the study but were not
included in the PP population. Two of the protocol
violations were related to mistakes with the intake of the

Statistical analysis

study medication, one was related to a substantial delay

All statistical tests were interpreted on the
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in the time of blood sampling.

aggregation [25]. Given that there is no relevant

There were no significant differences in the results of
the ITT population as compared to the PP population. In
both populations, no difference between the effect of
Etodolac or placebo on platelet aggregation studies was
observed, neither with high nor low or medium
concentrations of ADP, epinephrine or collagen (p=
0.1998). There was also no evidence that the sequence
(Placebo followed by Etodolac versus Etodolac followed
by Placebo) had any effect on platelet aggregation (p=

Results comparing the influence of placebo or Etodolac
on platelet aggregation as induced by epinephrine,
collagen or ADP are displayed in figures 1 to 3 (for
clarity, only the results of the highest concentrations
used for each substance are displayed). It can be seen
that there is no significant difference in inducible platelet
aggregation when volunteers are treated with Etodolac

bleeding problems. In fact, a number of studies have
demonstrated that selective COX-2 inhibition do not
affect platelet aggregation (or affect it to a significantly
lesser extent) [26-30], but this has not been undisputed
[31]. COX-2 inhibiting drugs might be appropriate tools
to provide a perioperative analgesic approach without
the risk of increased bleeding. These observations with a
well

tolerated

drug

[16-17]

might

be

particularly interesting since Rofecoxib, a selective COX2 inhibitor, was withdrawn from the market due to its
cardio-vascular and renal side effects [32], reigniting the
debate on the safety of selective COX-2 inhibitors [3335].
Others have shown that neither short- nor long-term
exposure to etodolac was associated with cardionegative
or -protective effects as compared to ibuprofen,

or placebo.
one

COX-2 supposedly reduces the risk of associated

seemingly

0.8314).

Only

influence on platelet aggregation, selective inhibition of

adverse

event

(abdominal

discomfort)

according to the study protocol was observed; it was
judged to be possibly related to the study medication,
but not to be clinically relevant. Of the four volunteers
that were not included in the PP population, two each
were in the placebo (cross over to etodolac) and the
etodolac (cross over to placebo) group. The ITT
population comprised 9 volunteers in the etodolac group

rofecoxib and celecoxib [18].
As NSAIDs are frequently used postoperatively for
analgesic treatment [36,37], side effects from these
drugs are important when assessing postoperative
morbidity. Most NSAIDs have been shown to influence
platelet aggregation not only in vitro, but also to a
clinically potentially relevant extent [9,10]. As shown in
this study and in contrast to most other NSAIDs,
etodolac has no influence on platelet aggregation ex

and 10 volunteers in the placebo group (see figure 4).

vivo. This parallels the post marketing experience

Discussion

available today [19,38,39].

.

The main finding of our study is that etodolac at regular

Limitations of our study are the small sample size and

analgesic doses (300 mg every 12 h for 7 days) has no

the fact that it was performed in volunteers; however,

inhibitory effect on platelet aggregation performed

the population size was based on stringent sample size

according to the Born method when compared to

calculation and there was no difference in results

placebo.

between the ITT population and the PP population.

.

Until now, it has been assumed that NSAIDs with nonselective inhibition of both the COX-1 and COX-2
enzymes increase the risk of bleeding due to their COX-1
inhibitory

effect,

resulting
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Figure 3
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an inducer (here: 10µM) before

60

Etodolac, after Etodolac, after
washout and after placebo are

40

displayed.

20

af
te
rp
la
ce
bo
µM

af
te
rw
as
ho
ut
Ep
in
ep
hr
in
e

10

µM
Ep
in
ep
hr
in
e

10

µM
10
Ep
in
ep
hr
in
e

Ep
in
ep
hr
in
e

10

µM

af
te
re
to
do
la
c

be
fo
re

0

Figure 4

ITT population n = 19
PP population n = 15

Figure 4. Flow chart of the
study.

n = 19

Etodolac
ITT n = 9
PP n = 9

Placebo
ITT n = 10
PP n = 9
1 drop out

wash out

wash out

Placebo
ITT n = 9
PP n = 7

Etodolac
ITT n = 9
PP n = 8

3 exclusions

(Continued on page 9)
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When investigating the influence of COX inhibitors, the
use of arachidonic acid can result in a too sensitive
assay, as described by Becker et al. [40]. In that study,
the use of arachidonic acid led to the observation that
97% of all patients showed no aggregation after COX
inhibition, prohibiting the statistical evaluation of these
results. Such an approach was also suggested by Akagi
et al. [41], who found no additional effect of etodolac on

clinical study.
We believe that our study adds to the body of
knowledge

suggesting

advantageous

in

that

situations

etodolac
where

is

indeed

nonsteroidal

analgesics are desirable but where adequate hemostasis
is a concern at the same time.
Conclusion

top of aspirin in an animal model. Therefore, we used

Our study shows that etodolac - applied in regular

ADP, collagen and epinephrine for aggregation induction

analgesic doses to volunteers - does not show an

in

inhibitory effect on platelet aggregation and therefore

three

different

(low,

medium

and

high)

seems to be an attractive analgesic substance for the

concentrations.
The fact that we used only the Born method as the “gold
standard” for platelet aggregation studies might be
perceived as a potential study weakness, since other
methods are also available. However, clinical studies
evaluating

different

methodologies

in

platelet

parallel

in

aggregation
patients

study

undergoing

coronary stent implantation [42] did not reveal any
predictive differences between the different assays. And
the ADP – induced platelet aggregation according to
Born showed a better ability to detect differences in
platelet aggregation when compared with the VASP
assay [43].

perioperative setting.
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