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Abstract Objective: To investigate the e�ect of co-ad-
ministration of the non-steroidal anti-in¯ammatory
drug (NSAID) lornoxicam on the pharmacokinetics of
(R)- and (S)-phenprocoumon and their e�ect on factor
II and VII activities.
Methods: Six healthy male volunteers completed an open
crossover study. Plasma concentrations of (R)- and (S)-
phenprocoumon and activities of coagulation factors II
and VII were measured after a single oral dose of 9 mg
phenprocoumon racemate. In the second session,
lornoxicam administration was started 3 days before
phenprocoumon administration and continued twice
daily until the last blood sample was drawn.
Results: Lornoxicam co-administration resulted in a
statistically signi®cant increase of the area under the
concentration-time curve (AUC) of the more potent (S)-
isomer of phenprocoumon from a median value of 100
(range 68±146) mg á h á l)1 to 124 (92±239) mg á h á l)1. For
the (R)-isomer, the AUC increase from 96 (70±142)
mg h á l)1 in the absence to 108 (75±155) mg á h á l)1 in the
presence of lornoxicam was not statistically signi®cant.
In a model-based analysis, an increase of (S)-phenpro-
coumon and (R)-phenprocoumon bioavailability of 14%
[95% CI (9%, 19%)] and 6% (2%, 10%) and a decrease
of their clearances by 15% (8%, 21%) and 6% (0%,
13%) was obtained. Lornoxicam co-administration did

not in¯uence the free fractions of (R)- or (S)-
phenprocoumon. Contrary to what was expected from
the changes in pharmacokinetics, a statistically signi®-
cant decrease in the e�ect of phenprocoumon on factor
II and VII activity was observed for the sessions with
lornoxicam co-administration. For factor VII, lornoxi-
cam was found to increase the concentration causing
half-maximal e�ect (C50) of phenprocoumon by 70%
[95% CI (38%, 111%)].
Conclusion: Co-administration of lornoxicam at the
upper limit of recommended doses mainly altered the
pharmacokinetics of the more potent (S)-isomer and to a
lesser degree those of (R)-phenprocoumon. Despite these
changes in pharmacokinetics, a decrease of the e�ect on
factor II and VII activity was observed. These results
suggest that in the case of lornoxicam co-administration
in a patient treated with phenprocoumon the pro-
thrombin time should be monitored closely.

Key words Drug interaction á Oral anticoagulants á
NSAID

Introduction

Anticoagulants have a narrow therapeutic index.
Therefore drug interactions are a major concern in pa-
tients treated with anticoagulants. Pharmacokinetic in-
teractions can occur by drug in¯uences on the
anticoagulant's metabolism and/or its binding to plasma
albumin [1]. Pharmacodynamic interactions can occur
because the co-administered drug in¯uences the inter-
action of the anticoagulant with its target site, as for
example, suggested for the prostaglandin E derivative
rioprostil [2]. For non-steroidal anti-in¯ammatory drugs
(NSAIDs), pharmacodynamic interactions might addi-
tionally be caused by inhibition of platelet aggregation
and/or gastrointestinal mucosal damage resulting in
gastrointestinal bleeding [3].

The majority of drug interaction studies with anti-
coagulants are done with warfarin. However, in some
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European countries, phenprocoumon (Marcoumar) is
more commonly used for anticoagulation. Because the
pharmacokinetics of phenprocoumon are quite di�erent
from those of warfarin, and because it is not known
whether the same cytochrome P450 isoenzymes which
metabolize warfarin are also responsible for phenpro-
coumon metabolism, drug warfarin interactions cannot
necessarily be extrapolated to phenprocoumon. For ex-
ample, the uricosuric sul®npyrazone signi®cantly a�ects
the elimination and e�ect of warfarin but has no e�ect
on the kinetics and e�ect of phenprocoumon [4, 5].

Lornoxicam is a new NSAID of the oxicam class. In
contrast to other oxicams, lornoxicam has a rather short
elimination half-life (3±5 h) [6]. In healthy volunteers,
co-administration of lornoxicam was found to increase
the mean serum concentration of racemic warfarin by
32% and also to increase the anticoagulant response [7].
However, the in¯uence of lornoxicam on the pharma-
cokinetics and pharmacodynamics of phenprocoumon is
not known and its investigation represents the goal of
this study.

Methods

Volunteers

Six healthy male volunteers were selected after medical and labo-
ratory examination. The subjects had to avoid alcohol, ca�eine,
nicotine and all medication at least 24 h prior to the start and
during all study sessions and to fast for 10 h before phenprocou-
mon administration. The median age of the six volunteers was 28
(range 23±34) years, the weight was 74 (62±91) kg and the height
183 (175±191) cm.

Study design

The study protocol was approved by the local ethics committee. All
subjects gave their written informed consent before inclusion into
the study, which complied with current Swiss law.

The study followed an open crossover design. Each subject was
investigated for two sessions, during which a single dose of 9 mg
racemic phenprocoumon (three 3 mg Marcoumar tablets) was ad-
ministered at 0800 hours, together with 200 ml of mineral water.
The ®rst session was performed without lornoxicam exposure. This
o�ered the possibility of adjusting the anticoagulant dose individ-
ually for the second session in the case of a very pronounced an-
ticoagulant e�ect in one of the volunteers. After the end of the ®rst
session, there was a drug-free interval of at least 14 days. Lor-
noxicam administration (two 4 mg lornoxicam tablets at 0700 and
1900 hours) was started 3 days prior to the second session and was
continued until the end of the blood sampling period. A stan-
dardized meal was served 5 h after phenprocoumon administra-
tion. Thereafter the diet of the volunteers was free with the above
mentioned restrictions.

Blood was drawn and collected into vacuum tubes containing
lithium heparinate (for drug plasma concentration measurements)
or citrate (for measurements of clotting parameters) immediately
before (0 h) and at 3 h, 6 h, 1, 2, 4, 7, 10, 14 days and 18 days after
phenprocoumon administration (drug plasma concentration mea-
surements) and at 0 h, 1, 2, 3, 4, 7, 9, 11, 14 days and 18 days
(clotting factor determinations). At each study session, additional
heparinized blood was withdrawn just before phenprocoumon
administration for in vitro determination of phenprocoumon free-
fraction. Blood samples were put on ice and centrifuged at 4 °C.
Determinations of prothrombin time and INR values were

performed within 1 h after centrifugation. Samples for the plasma
concentration measurements and the free-fraction determinations
were stored at )20 °C for up to 3 months. For clotting factor de-
terminations, 1.5 ml of each sample was stored at )70 °C and all
samples were measured simultaneously after the completion of the
study.

Analytical methods

Phenprocoumon plasma concentration measurements

A new-high performance liquid chromatography (HPLC) method
was developed for determination of phenprocoumon enantiomers
based on two previous publications [8, 9]. The HPLC system
consisted of a 9010 pump, a 9100 autosampler and a 9050 UV-VIS-
detector (Varian, Sunnyvale, Ca., USA). The detector was set at
310 nm and the autosampler was equipped with a 100 ll loop. The
phenprocoumon enantiomers were separated using a S,(S)-Whelk-
01, 5-lm particle size column (25 cm ´ 4 mm, LiChroCART,
Merck, Dietikon, Switzerland), protected with a guard column
(4 ´ 4 mm, LiChrospher 100 DIOL, 5 lm, Merck, Dietikon,
Switzerland). Eluent A consisted of n-hexane-ethanol (90:10, v/v)
containing 0.5% acetic acid, and eluent B of n-hexane-ethanol
(60:40, v/v) containing 0.5% acetic acid. The mobile phase was
mixed in a gradient system starting with 5% eluent B and 95%
eluent A, changing to 50% eluent B and 50% eluent A for 20 min;
for 5 additional minutes eluent B was increased to 100% and
then maintained for 10 min. The ¯ow rate of the mobile phase
was set at 1.0 ml ámin)1. The retention times were 9.5 min for
(S)-phenprocoumon, 12 min for (R)-phenprocoumon, 13.5 min for
(R)-warfarin, 17.5 min for (S)-warfarin, 24.5 min for (R)-ace-
nocoumarol and 30 min for (S)-acenocoumarol.

To 1 ml of plasma (standards, controls or samples) 100 ll of
internal standard (1 lg (R)/(S)-warfarin) was added and the pH of
the mixture was adjusted to 3.5 with 1 M hydrochloride solution.
Extraction was performed with 5 ml toluene on a horizontal shaker
for 20 min. After centrifugation for 5 min at 1000 g the organic
layer was separated and dried by evaporation and the residue was
dissolved in 150 ll of eluent B. For quanti®cation, standard sam-
ples were prepared by adding the appropriate amount of (R)- and
(S)-phenprocoumon (Roche, Basle, Switzerland). These standard
samples were extracted as described above and the standard curves
plotted as the peak area ratio of the phenprocoumon to the internal
standard. To assess linearity, the line of best ®t was determined by
least square regression. The analysis of all plasma samples was
performed in duplicate on two di�erent days. All between-day and
within-day coe�cients of variation were below 8.5%.

Free fraction of (R)- and (S)-phenprocoumon

Because phenprocoumon is 99% protein bound [1] and the detec-
tion limit of the above mentioned HPLC method is 5 lg á l)1, the
determination of the free fractions of the phenprocoumon en-
antiomers had to be performed at concentrations higher than those
observed in the volunteers. Two di�erent amounts of (R)- and (S)-
phenprocoumon were added to anticoagulant free plasma samples
yielding two di�erent concentrations of 1500 lg á l)1 and
5000 lg á l)1, respectively. All samples were incubated for 30 min at
room temperature. From these samples the total drug plasma
concentration was measured and the free drug in plasma water was
separated by centrifugation (40 min at 2000 g and 25 °C) using
Centrifree ultra®ltration tubes (cut-o� 30000 Da, Amicon, Beverly,
Mass., USA) [10]. The exact volume of the ultra®ltrate was deter-
mined, 50 ll of internal standard (0.1 lg (R)/(S)-warfarin/100 ll
0.05 M sodium hydroxide in water) added and the pH of the
mixture adjusted to 3.5 with 1 M hydrochloride solution. Extrac-
tion was performed twice with 5 ml toluene on a horizontal shaker
for 15 min. After centrifugation for 5 min at 1000 g the organic
layer was separated and dried by evaporation and the residue dis-
solved in 150 ll of eluent B.
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The free fractions (fu) of the phenprocoumon isomers were
calculated as

fu � Cpu

Cp

where Cpu represents the concentration in plasma water and Cp the
total concentration in plasma, respectively.

Prothrombin time (Quick) and factor II and VII activity

The prothrombin time (Quick) was determined in fresh plasma
using Thromborel S from Behring and the INR values were cal-
culated. The same method was also used to determine factor II and
VII activities. The necessary factor II de®cient plasma consisted of
a 1:1 mixture of factor II de®cient bovine plasma (obtained from
Barium sulfate adsorption) containing factor V and ®brinogen and
factor II free human serum containing factors VII and X. The
factor VII de®cient plasma was obtained from a donor with factor
VII de®ciency. All clotting factor determinations were run in du-
plicates. For all samples the same reagents (factor de®cient plasma,
thrombokinase) were used. Under these conditions the between-
day and within-day coe�cient of variation was less than 3%.

Data analysis

Standard pharmacokinetic calculations and statistics

The terminal elimination rate constant (k) was estimated by linear
regression from the log-transformed plasma concentration data.
Half-lives were calculated as ln2/k. The area under the plasma
concentration time curve (AUC) was determined using the trape-
zoidal rule with linear interpolation and extrapolation from the last
plasma concentration measurement above the detection limit (Clast)
to in®nity by Clast/k. The estimated AUC values with and without
co-administration of lornoxicam were thereafter compared using
the Wilcoxon matched-pairs signed-rank test. The factor II and VII
values, respectively, with and without co-administration of lor-
noxicam were compared by analysis of variance (ANOVA) in
BMDP [11]. All other calculations were done with the (S)-plus
program [12].

Model-based analysis

In order to investigate further whether phenprocoumon's phar-
macokinetic or pharmacodynamic parameters are a�ected by lor-
noxicam co-administration and to determine the magnitude of such
an in¯uence, the data were also analysed with parametric phar-
macokinetic/pharmacodynamic models.

Model-based pharmacokinetic analysis. First, the appropriate
structural and variance models were determined. For that pur-
pose, one-compartment models with zero- or ®rst-order absorp-
tion with lag-time were ®tted to the pharmacokinetic data of both
phenprocoumon stereoisomers simultaneously. Additionally,
models including random interindividual variability on several
parameters were compared. Similarly, as Chan et al. suggested for
warfarin [13], the estimates for all drug disposition parameters [i.e.
clearance (CL) and volume of distribution (V)] were allowed to
di�er for both stereoisomers (the corresponding symbols are CLR,
CLS, VR, VS), whereas the absorption lag-time (tlag), the absorp-
tion rate constant (ka) and the rate of zero order drug input (R),
respectively, were assumed to be the same for both stereoisomers.
A bioavailability (F) of 1 was assumed for both stereoisomers in
the absence of lornoxicam; thus, the parameter estimates obtained
represent ``apparent clearances'' and ``apparent volumes of dis-
tribution''. For each stereoisomer the dose administered was as-
sumed to correspond to half of the racemate dose. For (R)- and
(S)-phenprocoumon, a separate additive and proportional intra-

individual error model with variances to be estimated was in-
cluded. All drug concentration data below the detection limit were
set to half of the detection limit. In order to limit the in¯uence of
this substitution, a lower limit of half of the detection limit
squared was used for the estimated variance of additive intra-
individual errors.

In the next step, the in¯uence of lornoxicam co-administration
on phenprocoumon pharmacokinetics was explored by comparing
the ®t for the obtained optimal structural and variance model with
larger models, which included additional parameter(s) modifying
either clearance or bioavailability of the (R)- and/or (S)-isomer for
the sessions with lornoxicam co-administration.

Model-based pharmacodynamic analysis. Of the pharmacodynamic
data recorded, only factor VII activity data were analysed with the
model-based approach. The pharmacodynamic e�ect recorded for
factor II was too small to allow a reliable estimation of the phar-
macodynamic parameters for factor II.

First the structural and variance model was determined. The
pharmacodynamic data were ®tted using a one-compartment
model with ®rst-order elimination for factor VII (kVII). Since no
doses of clotting factors were given, the volume of this pharma-
codynamic compartment could not be estimated and was therefore
arbitrarily ®xed to 1. The rate of factor VII production was con-
trolled by (R)- and (S)-phenprocoumon plasma concentrations
predicted using the subject-speci®c pharmacokinetic parameter es-
timates obtained from the ®nal pharmacokinetic population model
and individual pharmacokinetic data (empirical Bayes estimates
[14]). This e�ect of (R)- and (S)-phenprocoumon was described by
an Emax model with or without sigmoidicity (c) as proposed pre-
viously [13, 15]. Emax was assumed to be 100%, which means that
phenprocoumon could completely suppress clotting factor pro-
duction. Initially, separate C50 values were assigned to both ste-
reoisomers and the clotting factor production rate was modelled
according to

P � PBL
1

1� C
c

R

C
c

50R

� C
c

S

C
c

50S

where P is the production rate of factor VII, PBL is the production
rate of factor VII in the absence of drug, CR and CS are the plasma
concentrations of the (R)- and (S)-isomer, respectively, andC50R and
C50S are the (R)- and (S)-isomer concentrations causing half-maxi-
mal e�ects. However, since the plasma concentration-time pro®les
for (R)- and (S)-phenprocoumon were very similar and therefore the
ratio of (R)-phenprocoumon to (S)-phenprocoumon was constant
over the entire study period, it was not possible to estimate C50R and
C50S separately. Therefore it was assumed that both stereoisomers
have the sameC50 (i.e. that the C50 estimate obtainedwill correspond
to the C50 value of phenprocoumon racemate).

It was not possible to estimate the elimination rate of factor VII
from the data, possibly because the time course of factor VII ac-
tivity was mainly governed by the much longer half-life of
phenprocoumon. Therefore the half-life of factor VII was assumed
to be 5 h according to the literature [16]. An additive intra-indi-
vidual error model was used.

In a second step, the in¯uence of lornoxicam co-administration
was explored by comparing the ®t for the obtained optimal struc-
tural and variance model with larger models including an addi-
tional parameter modifying C50 for the sessions with lornoxicam
co-administration.

Parameter estimation and model selection. The data were ®tted
using the ®rst-order estimation method (pharmacokinetic data) or
the ®rst-order conditional estimation method (pharmacodynamic
data) of the computer program NONMEM (a beta version of
Version V) [17]. All models were implemented using ADVAN9.
For generating ®gures the program (S)-Plus (Version 3.2) [12] was
used.
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Model selection was done by comparing the plots of the pre-
dicted response versus the data for the di�erent models and using
the Akaike information criterion [18], which requires a decrease of
the objective function (OF), )2 log likelihood, of at least two
points per additional parameter for selecting a larger over a
smaller model. For the parameters quantifying the in¯uence of
lornoxicam on drug pharmacokinetics, additionally 95% con®-
dence intervals (95% CI) were estimated by means of a likelihood
ratio pro®le [19].

Results

Plasma concentration and e�ect data

In Fig. 1 the mean plasma concentration for (R)-
phenprocoumon (upper panel) and (S)-phenprocoumon
(lower panel) against time are plotted. Comparing both
panels, one can see that the plasma concentrations for
both phenprocoumon isomers are quite similar. For (S)-
phenprocoumon and to a lesser extent also for (R)-
phenprocoumon, the plasma concentration is higher in
the case of lornoxicam co-administration (dashed lines)
compared with the sessions without lornoxicam co-ad-
ministration (solid lines).

In Fig. 2 the mean values for various pharmcody-
namic data, i.e. factor II (panel A) and VII activities (B),
prothrombin time (Quick; C) and INR values (D)
without (solid lines) and with (dashed lines) lornoxicam
co-administration are plotted against time after
phenprocoumon administration. As expected, the ac-
tivities of factor II and VII were decreased after
phenprocoumon administration and normalized later. If
one compares Figures 1 and 2, one can see that the nadir
of factor II and VII activity occurs considerably later
(i.e. 24±48 h and 48±138 h, respectively) than the peak
of the phenprocoumon concentrations (i.e. 3±6 h). Due
to di�erences in half-lives, the decrease in factor VII
activity is much more pronounced than the decrease in
factor II activity. For both factors, the decrease due to
phenprocoumon administration is less pronounced for
the session with lornoxicam co-administration. In an
analysis of variance (ANOVA), the di�erence was found
to be statistically signi®cant (P < 0.03 for factor II and
P < 0.04 for factor VII). The decrease in prothrombin
time lies somewhere in between factor II and VII, which
is to be expected considering that the prothrombin time
depends on the activities of all the clotting factors. Since
the INR is calculated from the prothrombin time, INR
changes mirror the changes of prothrombin time.

Data-derived pharmacokinetic data

In Table 1 the values obtained for the area under the
concentration-time curve (AUC), maximal observed
plasma concentrations (Cmax) and the corresponding
times (tmax) for (R)- and (S)-phenprocoumon are sum-
marized for the sessions without and with lornoxicam
co-administration. The median AUC values for (R)-
phenprocoumon were 96 mg á h á l)1 and 108 mg á h á l)1

in the absence or presence of lornoxicam, respectively.
For (S)-phenprocoumon, the AUC values were
100 mg á h á l)1 and 124 mg á h á l)1 in the absence or pres-
ence of lornoxicam, respectively. For (R)-phenprocou-
mon the di�erence was not statistically signi®cant,
whereas for (S)-phenprocoumon lornoxicam caused a
statistically signi®cant increase in drug exposure.

Free fraction

Since for technical reasons the free fraction was deter-
mined at phenprocoumon concentrations considerably
higher than those observed in the volunteers, the deter-
mination was done at two di�erent concentrations. The
free fraction was the same for both concentrations
studied, indicating that even at such high phenprocou-
mon concentrations, no saturation of protein binding is
observed. Thus, one can expect that the results obtained
are also valid for the much lower phenprocoumon
concentrations observed in the volunteers. The free
fraction for (R)-phenprocoumon was 0.49 (0.45±0.58)%
and 0.51 (0.35±0.56)% [median (range)] without and

Fig. 1 (R)- and (S)-phenprocoumon pharmacokinetics: mean plasma
concentration and 95% CI (vertical lines) versus time for (R)-
phenprocoumon (upper panel) and (S)-phenprocoumon (lower panel)
against time after administration of 9 mg racemic phenprocoumon.
Solid lines: (R)- and (S)-phenprocoumon plasma concentration in the
absence of lornoxicam. Dashed lines: (R)- and (S)-phenprocoumon
plasma concentration in the presence of lornoxicam
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with lornoxicam co-administration, respectively. The
corresponding values for (S)-phenprocoumon were 0.35
(0.33±0.40)% and 0.34 (0.31±0.37)%, respectively. Since
the free fractions were the same for both sessions, a
relevant e�ect of lornoxicam on (R)- and (S)-
phenprocoumon plasma protein binding can be exclud-
ed.

Model-based pharmacokinetic analysis

A one-compartment model with ®rst-order absorption
®tted the data better than a one compartment model
with zero-order absorption [di�erence in objective
function (DOF) was 20 with no di�erence in number of
parameters (Dnpar)]. A model without interindividual
variability in ka ®tted the data signi®cantly worse
(DOF � 116.6, Dnpar � )1). A model without interin-
dividual variability for VR and VS ®tted signi®cantly
worse (DOF � 83.5, Dnpar � )2).

After selection of the appropriate structural and
variance model, we tested whether the ®t could be fur-

ther improved by including additional parameter(s) for
the e�ect of lornoxicam co-administration on bioavail-
ability, clearance or volume of distribution of (R)- and/
or (S)-phenprocoumon. The inclusion of parameters
estimating the relative bioavailabilities of (R)- and
(S)-phenprocoumon in the case of lornoxicam co-ad-
ministration as compared with the sessions without
lornoxicam signi®cantly improved the ®t ((R)-isomer:
DOF � )19.3, Dnpar � 1; (S)-isomer: DOF � )71.1,
Dnpar � 1). If in addition parameters a�ecting the
clearances were included, the ®t was further improved
((R)-isomer: DOF � )10.4, Dnpar � 1; (S)-isomer:
DOF � )16.4, Dnpar � 1). The inclusion of additional
parameters modifying volumes of distribution of both
stereoisomers did not improve the ®t any further
(DOF � 0, Dnpar � 2). Thus the ®nal model includes
an e�ect of lornoxicam co-administration on bioavail-
ability of (R)- and (S)-phenprocoumon and on clearance
of (R)- and (S)-phenprocoumon. The corresponding
parameter estimates and the 95% con®dence intervals
for the parameters describing the e�ect of lornoxicam
co-administration are given in Table 2. Since only very

Fig. 2 Phenprocoumon
pharmacodynamics: mean val-
ues and 95% CI (vertical lines)
for factor II (A) and VII activ-
ities (B), prothrombin time
(Quick; C) and INR (D) against
time after administration of
9 mg racemic phenprocoumon
without (solid lines) and with
(dashed lines) lornoxicam co-
administration. Statistical anal-
ysis by ANOVA for factor II:
P < 0.03 and for factor VII:
P < 0.04

Table 1 Data-derived pharma-
cokinetic parameters for (R)-
and (S)-phenprocoumon after
administration of a single oral
dose of 9 mg racemic phenpro-
coumon with or without lor-
noxicam co-administration.
Values are given as median with
(range) n = 6

Parameter (R)-Phenprocoumon (S)-Phenprocoumon

No other drug Lornoxicam No other drug Lornoxicam
co-administration co-administration

AUC (mg á h á l)1 96* (70±142) 108* (75±155) 100** (68±146) 124** (92±239)
Cmax (lg á l)1) 481 (452±625) 501 (379±672) 486 (474±673) 567 (412±774)
tmax (h) 3 (3±6) 3 (3±3) 3 (3±6) 3 (3±3)

*Wilcoxon matched-pairs signed-rank test of AUCR with versus AUCR without lornoxicam co-ad-
ministration: not signi®cant (P = 0.15)
**Wilcoxon matched-pairs signed-rank test of AUCS with versus AUCS without lornoxicam co-
administration: signi®cant (P = 0.03)
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few samples were taken during drug absorption, all ab-
sorption parameter estimates are uncertain and there-
fore have large standard errors. The fact that the upper
limit of the 95% con®dence interval for FCL,R is 1.00
indicates that the signi®cance for that parameter in the
presence of the other parameters is only borderline.

Model-based pharmacodynamic analysis

In the ®rst pharmacodynamic model, the only estimated
parameters were the concentration causing half-maxi-
mal e�ect (C50) the variance of its interindividual
variability and the variance of the additive intra-indi-
vidual error term, since the elimination rate for factor
VII had to be ®xed to the value of 0.139 h)1 known
from the literature [16], and equal potency had to be
assumed for both stereoisomers because of a constant
concentration ratio between the two stereoisomers for
each study session. Adding a sigmoidicity factor into
the pharmacodynamic model did not improve the ®t
(DOF � )0.5, Dnpar � 1). However the inclusion of
an additional parameter for an e�ect of lornoxicam co-
administration on C50 did improve the ®t signi®cantly
(DOF � )22.5, Dnpar � 1). The parameter estimates
for that model are given in Table 2. The estimate for
this parameter multiplying C50 for the study sessions
with lornoxicam co-administration (FC50) is 1.7 indi-
cating an increase in C50 and therefore a decrease of
drug e�ect in the presence of lornoxicam.

Discussion

The pharmacokinetic parameters for phenprocoumon
obtained in the present study are very similar to those
previously described where phenprocoumon was ad-
ministered as stereoisomers or as racemic mixture [20].
The clearance estimates obtained in this study are
0.0505 l á h)1 for the (R)-isomer and 0.0478 l á h)1 for the
(S)-isomer and the values reported in the literature are
(assuming a body weight of 70 kg) 0.0508 l á h)1 and
0.041 l á h)1, respectively [20]. The estimates for the vol-
ume of distribution are 10.4 l for the (R)-isomer
and 10.1 l for the (S)-isomer and the values reported are
9.5 l and 7.8 l, respectively.

For (R)-phenprocoumon, the AUC after a single dose
of racemic phenprocoumon is 13% higher with lor-
noxicam as compared to without lornoxicam co-ad-
ministration. This di�erence is not statistically
signi®cant. However, if a model-based analysis is used,
co-administration of lornoxicam is found to increase the
bioavailability of (R)-phenprocoumon by 6% with a
95% con®dence interval between 2% and 10%. Also a
decrease of (R)-phenprocoumon clearance of 6% is ob-
tained, which is of borderline signi®cance considering
the 95% con®dence interval between 0% and 13%. A
possible explanation of the di�erence in statistical sig-
ni®cance between the standard AUC determinations and
the model-based approach could be that in the model-
based analysis structural and variance parameters are
both estimated, and therefore the variance model and
also the weighting is adapted according to the he-
teroscedasticity present in the data, whereas when cal-
culating the terminal slope for the extrapolation of the
AUC from the last data point to in®nity a possibly in-
correct error model is assumed. This explanation is

Table 2 Model-derived phar-
macokinetic/pharmacodynamic
parameters of phenprocoumon.
CL clearance, V volume of dis-
tribution, cor (CL, V ) correla-
tion between CL and V, ka
absorption rate constant, tlag
absorption lag time, rPK, prop

proportional part of residual
intraindividual pharmacoki-
netic variability (expressed as
coe�cient of variation), rPK, add

additive part of residual in-
traindividual pharmacokinetic
variability, C50 concentration
causing half-maximal e�ect,
rPD, add residual intraindividual
pharmacodynamic variability

Population mean estimate with (SEM) Interindividual variability
estimatea with (SEM) [%]

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

CLNO (l á h)1) 0.0505 (0.0054) 0.0478 (0.0062) 26 (14) 36 (20)
Fb
CL [95% CI]c 0.94 (0.04) [0.87, 1.00] 0.85 (0.03) [0.79, 0.92]

V (l) 10.4 (0.4) 10.1 (0.6) 10 (8) 12 (8)
cor(CL, V) 0.71 0.76
Fd
F [95% CI]c 1.06 (0.02) [1.02, 1.10] 1.14 (0.04) [1.09, 1.19]

ka (h
)1) 27.2 (4.3) 244 (244)

tlag (h) 2.87
rPK, prop 6 (1)% 7 (1)%
rPK, add 13.4 (1.6) lg á l)1 15.0 (3) lg á l)1

C50,NO (lg/l) 1300 (198) 30 (17)%
Fc
C50 [95% CI]c 1.7 (0.17) [1.38, 2.11]

rPD,add 0.1 (0.03)%

aThe estimates of interindividual variability are expressed as coe�cients of variation
bNo lornoxicam co-administration: CL=CLNO; with lornoxicam co-administration: CL=CLNO FCL
c 95% Con®dence interval-based 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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supported by the fact that the P value decreases from
0.15 to 0.06 when only the data up to the last data point
is used for AUC calculations. An alternative explanation
would be that the modelling approach smoothes more
than the AUC calculations, and thus is less sensitive to
random variability of the data.

For (S)-phenprocoumon the e�ect of lornoxicam co-
administration is more pronounced: AUC increases
24% and this increase is statistically signi®cant even
based on AUC calculations. In the model-based analy-
sis, lornoxicam is found to decrease (S)-phenprocoumon
clearance by 15% [95% CI: (8%, 21%)] and to increase
(S)-phenprocoumon bioavailability by 14% [95% CI:
(9%,19%)]. Because the kinetics of phenprocoumon
were explored only after oral administration in this
study, it remains somewhat uncertain whether the pa-
rameters a�ected are indeed clearance and bioavailabil-
ity. A decrease in volume of distribution combined with
a more pronounced decrease in clearance would result in
similar changes of the concentrations-time curves for
oral doses.

The lornoxicam-induced decrease in clearance and
increase in bioavailability could be due to an inhibition
of the metabolism of phenprocoumon in the liver. The
isoenzymes responsible for phenprocoumon metabolism
in the liver are not known. However, it has been sug-
gested that for phenprocoumon elimination mainly
conjugation is important [2, 21]. Lornoxicam on the
other hand is mainly eliminated by cytochrome P450
isoenzyme CYP2C9-dependent hydroxylation [22, 23].
Since di�erent pathways seem to be responsible for lor-
noxicam and phenprocoumon elimination, the mecha-
nisms responsible for the increase in phenprocoumon
exposure after lornoxicam co-administration remain to
be identi®ed.

It has previously been reported that (S)-phenprocou-
mon is 1.5 to 2.5 times more potent than (R)-
phenprocoumon [20]. Thus, one would expect that the
considerable increase of (S)-phenprocoumon exposure
and the slightly increased exposure for (R)-phenprocou-
mon would lead to an increased anticoagulant e�ect.
However, it can clearly been seen in Fig. 2 that the ac-
tivities of factor II and VII are in general higher with
lornoxicam co-administration suggesting a reduced an-
ticoagulant e�ect. Correspondingly, in the model-based
analysis, lornoxicam co-administration also resulted in a
statistically signi®cant increase in C50 again indicating a
reduced anticoagulant e�ect. One possible explanation
for a decreased drug e�ect in the case of increased drug
plasma concentrations would be a decreased formation
of a metabolite with pronounced therapeutic activity.
However, it has been shown in rats that phenprocoumon
metabolites have considerably less anticoagulant activity
than phenprocoumon itself [24]. Because in humans
metabolite concentrations are low, those authors con-
clude that phenprocoumon metabolites do not contrib-
ute signi®cantly to anticoagulant activity. Thus
decreased formation of an active metabolite is not an
explanation for our data. To our knowledge, a similar

e�ect on anticoagulant pharmacodynamics has so far
only been reported for the prostaglandin E derivative
rioprostil, which was found to signi®cantly reduce the
e�ect of phenprocoumon on factor VII activity without
changing phenprocoumon pharmacokinetics [2]. The
authors of that publication suggest that the interaction of
phenprocoumon and rioprostil is not caused by an e�ect
on pharmacokinetics but must be due to an e�ect of
prostaglandins at the level of the interaction of the
4-hydroxycoumarins with the target system. While it
appears reasonable to assume that any interaction in-
volving drug absorption or elimination can be excluded
for rioprostil because of the unchanged phenprocoumon
plasma concentration time curves observed [2], an altered
distribution into the target tissue, i.e. the liver, could
represent a further possible (pharmacokinetic) interac-
tion site. Thus, both rioprostil and lornoxicam could
reduce the e�ect of phenprocoumon on clotting factor
activity by inhibiting phenprocoumon uptake across the
basolateral liver plasma membrane. Alternatively, a di-
rect interaction at the intracellular target site must also
be considered as a possible mechanism.

In conclusion, the present study shows that drug ex-
posure for the more potent (S)-phenprocoumon, and to
a lesser extent also for (R)-phenprocoumon, is increased
by lornoxicam due to a decrease in clearance and an
increase in bioavailability for both stereoisomers.
However, despite these changes in pharmacokinetics, a
statistically signi®cant decrease in anticoagulant e�ect
was observed. Thus lornoxicam exhibits opposite e�ects
on phenprocoumon pharmacokinetics and pharmaco-
dynamics. Based on these results, prothrombin time
should be monitored closely in the case of co-adminis-
tration of lornoxicam to a patient receiving anticoagu-
lant therapy with phenprocoumon. These results also
illustrate that warfarin drug interactions cannot neces-
sarily be extrapolated to phenprocoumon.
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