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Abstract. Objective: The nature of the enzyme(s) 
catalysing the biotransformation of lornoxicam to one 
of its major metabolites, 5'-hydroxy-lornoxicam, has 
been investigated in human liver microsomes. The reac- 
tion kinetics were characterised, the affinity of lornoxi- 
cam for three major human drug metabolising 
cytochrome P-450 isozymes (CYP2C9, CYP2D6 and 
CYP3A4) was determined, and inhibition of the reac- 
tion by known substrates (diclofenac, ibuprofen, mefe- 
namic acid, phenytoin, tolbutamide and warfarin) and 
the prototype inhibitor (sulphaphenazole) of CYP2C9 
was investigated. 
Results: Lornoxicam 5'-hydroxylation displayed single 
enzyme Michaelis-Menten kinetics, with a KM of 3.6 
~tmol'1-1 and a Vma x of 2.6 nmol" h -1' mg -1 microso- 
real protein. The apparent affinity of lornoxicam was 
high for CYP2C9, but negligible for CYP3A4 and 
CYP2D6. Inhibition of lornoxicam 5'-hydroxylation by 
CYP2C9 substrates and sulphaphenazole was compa- 
rable in all livers preparations, values predicted from 
their KM or K~ for CYP2C9 determined in separate 
studies assuming competitive inhibition. Sulpha- 
phenazole competitively and completely inhibited 
lornoxicam 5'-hydroxylation (Ki  = 0.31 pmol" 1-1) as 
well as lornoxicam clearance (Ki = 0.33 gmol-1 1), 
partial metabolic clearance (fm) = 0.95). 
Conclusion: 5'-Hydroxylation appears to be the only 
cytochrome P-450 catalysed metabolic reaction of 
lornoxicam by human liver microsomes and this major 
in vivo biotransformation pathway is catalysed virtu- 
ally exclusively by CYP2Cg. 
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Introduction 

Most nonsteroidal anti-inflammatory drugs (NSAID's) 
are predominantly eliminated in man by hepatic bio- 
transformation and a number of major compounds in 
this therapeutic class undergo extensive oxidation with 
broad interindividual variability. We have recently 
demonstrated that CYP2C9 (P450TB) [1]), an isozyme 
of the cytochrome P450 superfamily which catalyses 
the oxidation of acenocoumarol [2], phenytoin [3, 4], 
tolbutamide [3, 4] and warfarin [2, 5], controls the elim- 
ination of several major oxidised NSAID's, such 
as diclofenac [6], ibuprofen [7], mefenamic acid [8], 
piroxicam and tenoxicam [9, 10]. 
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Fig. 1 Lornoxicam 5'-hydroxylation by microsomes from human 
livers phenotyped as extensive metabolisers of debrisoquine. Insert: 
Lineweaver-Burk plot (y = 1.1 lx + 0.44, r = 0.998) 
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Lornoxicam (rINN; 6-chlortenoxicam) is a short half- 
life oxicam NSAID which is extensively metabolised 
in vivo to 5'-hydroxy-lornoxicam, as well as to a minor 
extent to non hydroxylated metabolites [11,12]. 

Our goal was to determine whether the enzyme 
catalysing the biotransformation of other NSAID's 
also catalysed the hydroxylation of lornoxicam. The 
kinetics of formation of 5'-hydroxy-lornoxicam was 
characterized in human liver microsomes and the role 
of CYP2C9 in this biotransformation pathway was 
evaluated by inhibition experiments involving several 
substrates and sulphaphenazole, the prototype and 
potent inhibitor of  CYP2C9 [13]. 

Materials and methods 

Chemicals 

Lornoxicam and 5'-hydroxy-lornoxicam were kindly provided by 
Hafslund Nycomed Pharma AG (Linz, Austria), mefenamic acid 
and 3-hydroxymethyl-mefenamic acid by Parke-Davis (Ann Arbor, 
MI, USA), dextromethorphan, dextrorphan (O-desmethyl-dex- 
tromethorphan), midazolam and l'-hydroxy-midazolam by Roche 
Pharma AG (Reinach, BL, Switzerland), diclofenac and sul- 
phaphenazole by Ciba-Geigy (Basel, BL, Switzerland), S-(-)-ibupro- 
fen by Boots Pharmaceuticals (Nottingham, England). Phenytoin, 
tolbutamide, rac-war far in ,  DL-dithiothreitol, isocitrate dehydroge- 
nase-type IV and EDTA were purchased from Sigma (Buchs, SG, 
Switzerland). All other reagents, of the highest available grade, were 
purchased from E. Merck (Darmstadt, Germany). 

Human liver microsomes 

Tissue was obtained from our cryopreserved human liver bank, 
established with the approval of the institution's ethical review 
board and stored as described elsewhere [14]. Microsomes were pre- 
pared by subcellular fractionation of specimens from whole livers 
of organs transplantation donors phenotyped in vitro as extensive 
metabolisers of debrisoquine by the dextromethorphan O-demethy- 
lation assay [15, 16]. Total protein content was estimated by the 
method of Lowry [17]. 

Incubation conditions 

Lornoxicam was incubated (37°C) in the presence of microsomes 
in a final volume of 200 gl potassium phosphate buffer (0.1 mol '  1-1, 
pH 7.4) containing a NADPH regenerating system (NADP 
1 mmol '  1-1, MgCI2 5 mmol" 1 1, isocitrate 5 mmol" 1 -~, isocitrate 
dehydrogenase 1 U/ml). The reaction was stopped by cooling on 
ice and addition of 50 gl (75 gl for high protein concentrations) 
acetonitrile. 

Study design 

Experimental conditions were chosen by determining the influence 
of incubation time (5-60 min) and microsomal protein concentra- 
tion (50 2500 pg protein ' m1-1) on lornoxicam 5'-hydroxylation in 
microsomes from one liver. The reaction kinetics were then char- 
acterized in 6 livers. 

The apparent affinity of lornoxicam for three major human drug 
metabolising cytochrome P-450 isozymes was estimated using the 
following prototype reactions: dextromethorphan O-demethylation 
for CYP2D6 [16], mefenamic acid 3-hydroxylation for CYP2C9 [8] 

and midazolam l'-hydroxylation for CYP3A4 [18]. Increasing con- 
centrations of lornoxicam (1-500 ~tmol. 1 -~) were incubated under 
standard conditions for these substrates and the ICs0's were eval- 
uated graphically. 

The inhibitory effects of diclofenac, S-(-)-ibuprofen, mefenamic 
acid, phenytoin, sulphaphenazole, tolbutamide and rac -war far in  on 
5'-hydroxy-lornoxicam production were investigated in three livers. 
Concentrations of 28, 190, 33, 118, 1,600 and 20 gmol. 1 -~ , respec- 
tively, were incubated with lornoxicam 10 ~tmol • 1 -~. These inhibitor 
concentrations were selected on the basis of their previously pub- 
lished [~8,  13] affinities for CYP2C9 (Ki = 6, 40, 7, 25, 0.2, 130, 
and 4 ~tmol • 1-1, respectively) and were expected to produce ca 50% 
reduction in 5'-hydroxy-lornoxicam production if inhibition were 
competitive and ca 70% reduction if it were noncompetitive. 
Inhibition type and inhibition constant (K0 of sulphaphenazole 
were determined in three livers. 

The contribution of CYP2C9 to the overall in vitro clearance 
of lornoxicam, subsequently referred to as partial metabolic clear- 
ance (fm), was determined in three livers by studying the inhibitory 
effect of a range of sulphaphenazole concentrations on the disap- 
pearance of lornoxicam from the incubation medium. Low lornoxi- 
cam concentrations were incubated for varying durations (0, 15, 30, 
45 and 60 min) in the presence of high microsomal protein con- 
centrations (1500 gg/ml). Sulphaphenazole concentrations expected 
to produce 20, 40, 70, 90 and 95% inhibition of CYP2C9 activity 
were selected on the basis of its independently determined affinity 
for CYP2C9 (0.2 pmol-1-1) and the following formula (assuming 
competitive inhibition of single enzyme Michaelis-Menten kinetics): 

Vo i -  Ki(  1) 

where I is the inhibitor (sulphaphenazole) concentration, Vo and vi 
are the rate of metabolism in the absence and in the presence of 
sulphaphenazole, respectively, and K~ is the inhibition constant of 
sulphaphenazole for CYP2Cg. 

Assay procedure 

The production of 5'-hydroxy-lornoxicam was measured by 
reversed-phase HPLC. Aliquots ofsupernatant (100 ~tl) were injected 
(HP 1050 autosampler, Hewlett Packard, Roseville, CA, USA) 
directly onto a Lichrocart C18 (E. Merck, Darmstadt, Germany) 
column (125 x 4 mm, 4 gm) protected by a precolumn (4 x 4 ram, 
4 pm). The mobile phase (TEA 0.02% in a 73:27 vol/vol mixture 
of 0.1 mol" 1-1, pH 7.4 phosphate buffer and acetonitrile) was deliv- 
ered at 0.7 ml" min-L The column effluent was monitored at 371 
nm and the heights of eluting peaks were measured. The limit of 
measurement was about 5 pmol injected and the response was lin- 
ear in the range of concentrations used in all the experiments. The 
day to day reproducibility of standard solutions, given as the rela- 
tive standard deviation, was c a 5 % .  Diclofenac, S-(-)-ibuprofen, 
mefenamic acid, phenytoin, sulphaphenazole, tolbutamide, rac-war-  
farin and their metabolites did not interfere with the assay. 

For the assay of lornoxicam the mobile phase consisted of TEA 
0.02% in a 69:31 vol/vol mixture of 0.1 mol'1-1, pH 7.4 phos- 
phate buffer and acetonitrile, and sulphaphenazole did not inter- 
fere. Assays for 3-hydroxy-mefenamic acid, l'-hydroxy-midazolam 
and dextrorphan were run as described elsewhere [8, 16, 18]; no 
chromatographic interference was noted with lornoxicam and its 
main metabolite. 

Data analysis 

All experiments were performed in duplicate and the mean values 
for each data point were used for analysis. Enzyme kinetic para- 
meters (KM, V .. . .  Ki) were estimated by curve fitting of metabo- 
lite production rate data by the single enzyme Michaelis-Menten 
equation. 
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Fig. 2 Inhibition by phenytoin (PT), r a c - w a r f a r i n  (WF), tolbu- 
tamide (TB), diclofenac (DF), mefenamic acid (MA), S-(-)-ibupro- 
fen (IP) and sulphaphenazole (SZ) concentrations expected to 
produce ca 50% reduction of lornoxicam 5'-hydroxylation if inhi- 
bition is competitive and ca 70% reduction if it is noncompetitive 
(human liver microsomes) 

For the determination of partial metabolic clearance (fro), 
decreasing lornoxicam concentrations over time were fitted to a 
monoexponential function, which allowed estimation of the con- 
centration at the start of the reaction (Co) and the elimination con- 
stant (ko). Areas under the concentration versus time curves (AUC) 
were calculated as Co/ke. The percent of inhibition (fi, expressed as 
a fraction) was calculated for each sulphaphenazole concentration 
as 1-AUCo/AUC~, where AUCo and AUQ were the AUC in the 
absence and in the presence of sulphaphenazole, respectively. The 
fraction inhibited versus sulphaphenazole concentration data were 
fitted by the following equation 

fm'I 
f~- 

K~+I  

All model fitting was performed by non-linear procedures with 
error weighting inversely proportional to the square of predicted 
values, using either the MKMODEL [19], or Statistica/MAC soft- 
ware (version 3.0b, StatSoft, Tulsa, OK). 

Results 

For a lornoxicam concentration of 5 gmol '  1-t and a 
protein concentration of 375 gg .  ml 1, 5'-hydroxyla- 
tion increased linearly with time up to 20 min. For 30 
min incubations, the reaction was proportional to 
protein concentration up to 1000 gg .m1-1. Inter- 
mediate protein concentration (250 gg • ml 1) and incu- 
bation time (20 min) were therefore chosen as standard 
conditions. 
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The reaction exhibited single enzyme Michaelis- 
Menten kinetics for lornoxicam concentrations up to 
50 pmol" 1 1 (Fig. 1), with high affinity (KM = 3.6 
(1.4) pmol-1-1, mean with SD) and low capacity (Vma x 
= 2.6 (1.1) nmol ' h  l ' m g  1 microsomal protein), 
resulting in an estimated intrinsic clearance (CLin~ = 
Vmax. K~ 1) of 0.8 (0.4) ml -h-1" mg -1 microsomal pro- 
tein. No other metabolite was detected. 

The apparent affinity of lornoxicam for CYP2C9 
was high (ICs0 ~ 4 g m o l l - l ) ,  in contrast to that for 
CYP3A4 and CYP2D6 (ICs0 always > 500 gmol" 1-1). 

Inhibition by diclofenac, S-(-)-ibuprofen, mefenamic 
acid, phenytoin, sulphaphenazole, tolbutamide and 
rac-warfarin was similar in microsomes from all three 
livers (Fig. 2), with values (47 (1), 51 (1), 42 (2), 53 
(1), 51 (3), 44 (1) and 43 (1)% inhibition, respectively) 
predicted from their previously published KM or Ki 
[2-8, 13], assuming competitive inhibition of a single 
enzyme. Inhibition of lornoxicam 5'-hydroxylation by 
sulphaphenazole was competitive (Ki = 0.31 (0.08) 
pmol-l-1),  as shown by Dixon and Cornish-Bowden 
plots [20, 21] (Fig. 3). 

In the assays for determining the partial metabolic 
clearance (fm) by CYP2C9, lornoxicam concentrations 
displayed an exponential decrease, indicating no 
significant saturation of CYP2C9. Lornoxicam clear- 
ance decreased progressively as sulphaphenazole con- 
centrations were increased (Fig. 4); a Ki of 0.33 (0.19) 
pmol" 1-1 and afm of 0.95 (0.01) were estimated. 

Discussion 

Lornoxicam 5'-hydroxylation is fairly rapid in human 
liver microsomes under incubation conditions typical 
for cytochrome P-450 enzymes. The formation of 
5'-hydroxy-lornoxicam exhibited simple Michaelis- 
Menten kinetics compatible with catalysis by a single 
enzyme. 

The high predictability of the inhibition of lornoxi- 
cam 5'-hydroxylation by diclofenac, S-(-)-ibuprofen, 
mefenamic acid, phenytoin, sulphaphenazole, tolbu- 
tamide and rac-warfarin assuming a competitive mech- 
anism indicates that these substances are competitive 
inhibitors of the reaction. The fact that the inhibitions 

Fig. 3 A, B Representative 
inhibition of lornoxicam 
5'-hydroxylation by 
sulphaphenazole in 
microsomes from one 
human liver [Dixon (A) 
and Cornish-Bowden (B) 
plots] 
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Fig. 4 Inhibition by sulphaphenazole of lornoxicam clearance from 
in vitro incubations (human liver microsomes) 

were predictable from their known affinities for 
CYP2C9 provides convincing although indirect evi- 
dence that the same isozyme is responsible for the 5'- 
hydroxylation of lornoxicam. The competitive nature 
of lornoxicam 5'-hydroxylation inhibition by sul- 
phaphenazole, with a Kj similar to that previously 
reported for tolbutamide hydroxylation [13], phenytoin 
4-hydroxylation [4] and (S)-warfarin 6- and 7-hydroxy- 
lations [5] provides further strong evidence that 
CYP2C9 is the major catalyst of lornoxicam 
5'-hydroxylation in human liver. 

Lornoxicam clearance from the incubation medium 
was predictably and almost completely inhibited by sul- 
phaphenazole, with an affinity constant very similar to 
its known Ki for CYP2Cg, indicating that this isozyme 
is responsible for essentially all microsomal cytochrome 
P-450-catalysed biotransformation of this NSAID. 

In conclusion, 5'-hydroxylation seems to be the only 
cytochrome P-450-catalysed metabolic reaction of 
lornoxicam in human liver microsomes and this reac- 
tion is catalysed virtually exclusively by CYP2C9. As 
this oxidation represents the predominant in vivo elimi- 
nation pathway for lornoxicam (Hafslund-Nycomed 
Pharma AG, Linz, Austria, data on files), it can be con- 
cluded that the clearance of this oxicam like that of 
several other NSAID's [6 10], is strongly dependant 
upon CYP2C9 activity. 
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