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Abstract Objective: To investigate the e�ect of lor-
noxicam co-administration on acenocoumarol pharma-
cokinetics and pharmacodynamics.
Methods: In an open crossover study, six healthy male
volunteers received racemic acenocoumarol (10 mg)
orally without/with lornoxicam co-administration (8 mg
twice daily).
Results: The median (range) areas under the concentra-
tion-time curve (AUC) for (R)-acenocoumarol were 3458
(3035±7312) lg áh l)1 in the absence of and 3667 (2907±
7741) lg á h l)1 in the presence of lornoxicam. The
corresponding values for (S)-acenocoumarol were 479
(381±853) lg á h l)1 and 612 (425±1241) lg á h l)1. The
di�erences were not statistically signi®cant. Lornoxicam
co-administration did not in¯uence the free fractions or
acenocoumarol's e�ect on factor II and VII activities.
Simulations based on the results of a model-based
analysis predicted that in the case of lornoxicam co-
administration, the factor VII activity of a person in
steady-state at 26% will remain between 14% and 32%.
Conclusion: Co-administration of lornoxicam at the
upper limit of recommended doses does not alter the
pharmocokinetics of the clinically relevant (R)-ace-
nocoumarol or the anticoagulant activity of ace-
nocoumarol. These data clearly di�er from the results of
previous studies, which showed clinically relevant in¯u-
ences of lornoxicam on warfarin kinetics and of piroxi-
cam on acenocoumarol kinetics.
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Introduction

Drug interactions are a major concern in patients treated
with anticoagulants. Studies about these interactions
have mainly been carried out with warfarin. In Europe,
however, acenocoumarol is more commonly used. Be-
cause acenocoumarol and warfarin exhibit marked
pharmacokinetic di�erences [1] and are metabolized by
di�erent cytochrome P450 isoenzymes [2], drug-warfarin
interactions cannot necessarily be extrapolated to ace-
nocoumarol.

Lornoxicam is a new non-steroidal anti-in¯ammatory
drug (NSAID) of the oxicam class [3]. Lornoxicam co-
administration increased mean racemic warfarin serum
concentrations by 32% and correspondingly increased
its anticoagulant e�ect [4]. Piroxicam co-administration
substantially increased acenocoumarol serum concen-
trations [5]. However, the in¯uence of lornoxicam on
acenocoumarol pharmacokinetics and pharmacody-
namics still needs to be characterized.

Methods

Six healthy male volunteers (aged 22±34 years, 66±80 kg) were
included. The study protocol was approved by the local ethics
committee. The same open crossover design and the same meth-
ods were used as in the lornoxicam phenprocoumon interaction
study [6]. Ten milligrams of racemic acenocoumarol (Sintrom
2 ´ 4 mg and 2 ´ 1 mg) were given orally. Samples for ace-
nocoumarol plasma concentration measurements were collected
before (0) and 0.5, 1, 1.5, 2, 3, 6, 12, 24, 31 h and 48 hours after
acenocoumarol administration. Samples for clotting factor deter-
minations were collected at 0, 6, 12, 24, 31, 48 h and 96 h. Be-
cause of acenocoumarol's shorter half-life, the factor VII
elimination rate was estimated. The half-life of factor II had to be
®xed to 60 h [7].
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Results

Plasma concentrations, free fractions and e�ect data

The median (range) areas under the concentration-time
curve (AUC) for (R)-acenocoumarol were 3458 (3035±
7312) and 3667 (2907±7741) lg á h l)1 in the absence or
presence of lornoxicam. The corresponding values for
(S)-acenocoumarol were 479 (381±853) and 612 (425±
1241) lg á h l)1. Thus, (S)-acenocoumarol has a consid-
erably lower AUC than (R)-acenocoumarol. A Wi-
lcoxon matched-pairs signed-rank test showed no
statistical signi®cance for the e�ect of lornoxicam on
AUC ((R)-isomer: P � 0.22, (S)-isomer: P � 0.09).
The maximal concentrations were in the range of 182±
320 lg á l)1 ((R)-acenocoumarol) and 76±148 lg á l)1

((S)-acenocoumarol) and occurred at 1±6 h after ad-
ministration of the dose. They were not in¯uenced by
lornoxicam co-administration.

The free fraction for (R)-acenocoumarol was 1.1(1.0±
1.3)% and 1.0(0.9±1.2)% without and with lornoxicam
co-administration, respectively. The corresponding val-
ues for (S)-acenocoumarol were 1.7(1.3±1.8)% and
1.4(1.2±1.6)%. Thus, lornoxicam does not change ace-
nocoumarol plasma protein binding.

No substantial di�erences were present in the vari-
ous pharmacodynamic data, i.e. factor II and VII ac-
tivities, prothrombin time and INR values between the
sessions without and with lornoxicam co-administration
(Fig. 1).

Model-based pharmacokinetic/pharmacodynamic
analysis

The most feasible structural and variance model was a
one-compartment model with ®rst-order absorption,
absorption lag-time and interindividual variability in
clearance and absorption rate. The inclusion of a pa-
rameter for relative bioavailability of (S)-acenocoumarol
in the case of lornoxicam co-administration as compared
to without lornoxicam signi®cantly improved the ®t
(DOF � )6.7, Dnpar � 1). Lornoxicam increases (S)-
acenocoumarol bioavailability by 24% [95% con®dence
interval (95% CI) (5%, 46%]. Adding a parameter for
relative bioavailability (R)-acenocoumarol or for an ef-
fect of lornoxicam on (R)-acenocoumarol or (S)-ace-
nocoumarol clearance did not improve the ®t.

In the analysis of the factor VII and II activity data,
the ®t was the same if one estimated separate e�ect pa-
rameters for (S)-acenocoumarol, assumed the same e�ect
for both isomers or no e�ect for (S)-acenocoumarol.
Thus, the (S)-isomer did not contribute to drug e�ect,
because of the very high clearance for (S)-acenocoumarol
resulting in negligible plasma concentrations. Adding a
sigmoidicity factor signi®cantly improved the ®t (VII:
DOF � )44.6; II: DOF � )7.4, Dnpar � 1). Adding an
e�ect of lornoxicam co-administration on the concen-
tration causing half-maximal e�ect (C50) resulted in no
further improvement (VII: DOF � )0.3; II: DOF �
)0.6, Dnpar � 1). Table 1 gives the parameter estimates
of the ®nal model and the 95% CI for parameters de-
scribing a possible e�ect of lornoxicam co-administra-
tion.

Fig. 1 Acenocoumarol
pharmacodynamics: mean
values and 95% CI (vertical
lines) for factor II (A) and
VII activities (B), prothrom-
bin time (Quick; C) and INR
(D) against time after ad-
ministration of 10 mg race-
mic acenocoumarol without
(solid lines) and with (dashed
lines) lornoxicam co-admin-
istration
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Simulations

In order to translate the 95% CI for an e�ect of lo-
rnoxicam co-administration on the di�erent pharmaco-
kinetic/pharmacodynamic parameters into clinically
meaningful information, the ®nal model was used to
estimate the corresponding changes in factor VII activ-
ity. The model predicts that a patient taking 3 mg ace-
nocoumarol daily under steady-state conditions will
have a factor VII activity of 26%. If clearance were to
change to the lower or upper limit of its 95% CI, the
factor VII activity would change to 14% and 31%, re-
spectively. The corresponding numbers for bioavail-
ability were 28% and 18% and for C50 32% and 17%,
respectively. Thus, factor VII activity in a person in
steady-state at 26% would remain in the range of 14±
32%, if lornoxicam was administered concomitantly.
Because at steady-state all clotting factors are decreased
similarly, these predictions should also hold true for
INR. Correspondingly, a person at steady-state on an
INR of 2.5 would remain within the range of 2.1 and
4.1.

Discussion

Based on this study, one can exclude the possibility that
lornoxicam causes a decrease of (R)-acenocoumarol
clearance of more than 15%, an increase of (R)-ace-
nocoumarol bioavailability of more than 20% or a de-
crease in (S)-acenocoumarol clearance of more than

27%. The bioavailability of (S)-acencoumarol was in-
creased by 24%. However, since the concentration of
(S)-acenocoumarol in the normal dose range is too low
to contribute substantially to acenoucoumarol's antico-
agulant e�ect [8], this increase does not have any clinical
relevance.

The lornoxicam-induced increase in bioavailability of
(S)-acenocoumarol could be explained by a decrease in
the liver ®rst-pass elimination by inhibition of (S)-ace-
nocoumarol metabolism. Lornoxicam and ace-
nocoumarol are both metabolized by the cytochrome
P450 CYP2C9 [2, 9]. In contrast to the presented results,
a previous drug interaction study between ace-
nocoumarol and piroxicam, another oxicam type of
NSAID, showed that piroxicam increases the AUC of
(R)-acenocoumarol by 47%, whereas for the (S)-isomer
the increase was less pronounced (15%) and statistically
not signi®cant [5]. These observations suggest that dif-
ferent mechanisms are responsible for the drug interac-
tions of di�erent oxicam NSAIDs with the stereoisomers
of acenocoumarol.

In conclusion, co-administration of lornoxicam in
high therapeutic doses did not alter the pharmacoki-
netics of the clinically relevant (R)-isomer of ace-
nocoumarol. Only a small e�ect was found for the
clinically not relevant (S)-isomer. Hence, lornoxicam
should not exhibit any clinically relevant in¯uence on
acenocoumarol's anticoagulant e�ect.
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Table 1 Model-derived phar-
macokinetic/pharmacodynamic
parameters of acenocoumarol.
CL clearance, V volume of dis-
tribution, ka absorption rate
constant, tlag absorption lag
time; rPK,prop proportional part
of residual intraindividual
pharmacokinetic variability
(expressed as coe�cient of var-
iation), rPK,add additive part of
residual intraindividual phar-
macokinetic variability, KVII

elimination rate of factor VII,
C50,VII and C50,II concentration
causing half-maximal e�ect for
factor VII and II, cVII and cII
sigmodicity parameter for fac-
tor II and VII, rVII,add and
rII,add residual intraindividual
pharmacodynamic variability
for factor II and VII

Population mean estimate with
(SEM)

Interindividual variability
estimate with (SEM) (%)

(R)-isomer (S)-isomer (R)-isomer (S)-isomer

CINO (l/h)1) 1.61 (0.20) 11.7 (1.3) 49 (35) 33 (24)
FCl

b [95% CI]c 1 [0.85, 1.07] 1 [0.73, 1.12]
V (I) 19.7 (1.0) 38.2 (2.2)
FP

d [95% CI]c 1 [0.96, 1.20] 1.24 (0.12) [1.05, 1.46]
ka (h

)1) 0.87 (0.13) 61 (28)
tlag (h) 0.16 (0.07)
rPK,prop (%) 31 (3) 37 (2)
rPK,add (lg á l)1) 8.8 (0.6) 5.4 (0.5)
KVII (h

)1) 0.0538 (0.003)
C50,VII,NO (lg á l)1) 21.2 (3.9) 29 (24)%
FC50,VII (95% CI)c 1 (0.81, 1.14)
cVII 3.85 (1.69)
rVII,add (%) 12.9 (1.1)
C50,II,NO (lg á l)1) 29.1 (13.1) 86 (62)%
FC50,VII

c [95% CI]c 1 [0.68, 2.47]
cII 2.38 (0.8)
rVII,add (%) 0.10 (0.01)

a The estimates of interindividual variability are expressed as coe�cients of variation
bNo lornoxicam co-administration: CL�CLNO with lornoxicam co-administration CL�CLNOFCL
c 95% Con®dence interval based on a likelihood ratio pro®le
d FF Relative bioavailability in the case of lornoxicam co-administration as compared to sessions
without lornoxicam
eNo lornoxicam co-administration: C50�C50,NO, with lornoxicam co-administration C50�
C50,NO FC50
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