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SUMMARY 

The present paper reports the analytical conditions allowing lofemizole, a new 
non-steroidal anti-inflammatory drug, to be evaluated in biological fluids for pharmaco- 
kinetic and bioavailability investigations. The first approach led to an N-methyl derivative 
of lofemizole which could be successfully analysed by gas-chromatography employing a 
flame-ionization detector, reaching a sensitivity of 2 pg/ml. The second approach led to the 
N-( 2-chlorobenzoyl) derivative of lofemizole which was suitable for pharmacokinetic 
investigation using gas-liquid chromatography with electron-capture detection, and reaching 
a much higher sensitivity of 10 ng/ml of plasma. Recovery of the extraction, reproducibility 
and specificity were all satisfactory with both methods. Since the first method employing 
flame-ionization detection was suitable for pharmacokinetic investigations in animal species, 
this paper describes both methods on a comparative basis. 

INTRODUCTION 

Lofemizole [ lH,4-(4-chlorophenyl)-5-methylimidazole, C10H9N2C1] has the 
molecular structure shown in Fig. 1, and its chemical identity was confirmed 
by mass spectrometry. Lofemizole has proved to possess an interesting anti- 
phlogistic activity in both animals and humans, associated with a favourable 
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Fig. 1. Molecular structure of lofemizole. 

gastric and systemic tolerability [I]. From the point of view of the structure- 
activity relationship, lofemizole is comparable with other compounds 
having an imidazole [2, 31, thiazole [4] or oxadiazole [5, 61 structure and 
possessing anti-inflammatory activity. 

The aim of this paper was to investigate the analytical conditions that would 
allow a pharmacokinetic or bioavailability study to be carried out on 
lofemizole in both animals and humans. 

EXPERIMENTAL 

Drugs, chemicals and instruments 
Solvents and chemicals, all of analytical grade purity, were supplied by E, 

Merck (Darmstadt, F.R.G.). 2-Chlorobenzoyl chloride and methyl iodide of an 
excellent grade purity were prepared at B.T.B. Industria Chimica, Chemical 
Department; zomepirac methyl ester and miconazole were also supplied by 
B.T.B. The supports and stationary phases for the gas-liquid chromatography 
(GLC) columns were supplied by Supelchem (Milan, Italy). A Varian 3700 gas 
chromatograph and a VG Micromass MS 30/70 mass spectrometer were em- 
ployed for the analysis. Rats were supplied by Charles River Italia (Calco, 
Italy). The statistical evaluation was performed on a Hewlett-Packard HP 86 
personal computer. 

Evaluation by GLC with flame-ionization detection (GLC-FID) 
Extraction. A l-ml volume of sodium hydroxide solution (1 mol/l) and 5 ml 

of diethyl ether were added to 1 ml of plasma (or urine) in a glass-stoppered 
test tube. The mixture was vigorously stirred for 5 min and then centrifuged 
at 2400 g for 10 min. Methyl iodide (1 ml of a 10% solution in diethyl ether), 
0.2 ml of tetrabutylammonium hydroxide (0.1 mol/l in benzene-methanol, 
1:l) and 1 ml of sodium hydroxide solution (1 mol/l) were added to 4 ml of 
the organic layer in another test tube. The test tube was stoppered and kept at 
90°C with stirring for 30 min, after which it was cooled to room temperature 
and centrifuged. An aliquot of the organic layer containing the N-methyl 
derivative of lofemizole was dried with anhydrous sodium sulphate, evaporated 
to dryness and finally dissolved in 100 ~1 of acetone. Zomepirac methyl ester 
was added as the internal standard, The sample was then injected into the gas 
chromatograph. 

AnaEytical conditions. A glass column (1.5 m X 6 mm O.D., 2 mm I.D.) 
filled with 3% SP-2250 DB on 100-120 mesh Supelcoport was used. The tem- 
peratures of the injection port, oven and flame-ionization detector were main- 
tained at 28O”C, 245°C and 35O”C, respectively. Nitrogen was used as the 
carrier gas at a flow-rate of 35 ml/min. 
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Evaluation by GLC with electron-capture detection (GLC-ECL?) 
Extraction. A l-ml aliquot of plasma (or urine) was placed in a glass- 

stoppered test tube with 1 ml of sodium hydroxide solution (1 moljl) and 5 ml 
of diethyl ether. The test tube was vigorously stirred for 5 min and then 
centrifuged at 2400 g for 10 min. An aliquot (4.5 ml) of the organic layer was 
added to 0.5 ml of 2-chlorobenzoyl chloride (400 pg/ml in diethyl ether) and 
to 1 ml of sodium hydroxide solution (1 mol/l) in another test tube. The 
mixture was vigorously stirred for 5 min and then centrifuged at 2400 g for 10 
min. An aliquot of the organic layer was dried over anhydrous sodium sulphate 
and evaporated to dryness under a gentle nitrogen stream at 60°C. The residue 
was redissolved in 0.5 ml of benzene. Miconazole was added as the internal 
standard. The solution was then ready for GLC analysis. 

Analytical conditions. A glass column (1 m X 6 mm O.D., 2 mm I.D.) was 
filled with 10% OV-11 on 100-120 mesh Supelcoport. The temperatures of 
the injection port, oven and electron-capture detector were maintained at 
38O“C, 300°C and 38O”C, respectively. Nitrogen was employed as the carrier 
gas at a flow-rate of 35 ml/min, 

RESULTS 

GLC-FID method 
The retention times observed were 58 set for the N-methyl derivative of 

lofemizole, the chemical identity of which was confirmed by mass 
spectrometry, and 2 min 4 set for the internal standard (zomepirac methyl 
ester, IS.). Linearity was investigated in the range of 2.5-200 ng for each 
injection (Table I) by means of the detector response factor (d.r.f.) evaluated 
as follows: 

d.r.f. = 
lofemizole weight X IS. peak area 

IS. weight lofemizole peak area 

This factor allows the different response of the detector to the analytical 
substance and the internal standard to be counterbalanced. Table II shows the 
d.r.f. with a lofemizole derivative/internal standard ratio ranging from 1:4 to 
4:l. 

TABLE I 

LINEARITY OF THE DETECTOR RESPONSE TO N-METHYLLOFEMIZOLE 
EVALUATED BY GLC-FID 

Linearity was confirmed by a constant detector response factor (d.r.f.). The lofemizole 
derivative and the internal standard were injected at a 1:l ratio. 

Lofemizole injected (ng) Mean d.r.f. -c S.D. (n = 4) 

2.5 1.10 * 0.07 
5 1.08 i 0.01 

10 1.08 * 0.03 
20 1.07 * 0.02 
50 1.09 * 0.03 

100 1.08 f 0.03 
200 1.08 * 0.02 
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TABLE II 

DETECTOR RESPONSE FACTOR AT DIFFERENT LOFEMIZOLE DERIVATIVE/IS. 
RATIOS (GLC-FID METHOD) 

Lofemizole/I.S. weight ratio Mean d.r.f. 2 S.D. (n = 4) 

1:4 1.15 2 0.11 
1:2 1.12 + 0.07 
1:l 1.06 i: 0.02 
2:l 1.04 i 0.03 

4:l 1.04 r 0.05 

TABLE III 

RECOVERY AFTER THE EXTRACTION PROCEDURES FOR ANALYTICAL 
EVALUATION OF LOFEMIZOLE (GLC .FID METHOD) 

Lofemizole added to Lofemizole found Recovery 

1 ml of plasma (rg/ml) (%I 

(HP) (mean f S.D., n = 4) 

1.0 0.92 i 0.22 92.0 
2.5 2.44 + 0.32 97.6 
5.0 4.93 + 0.27 98.6 

10.0 9.82 f 0.40 98.2 
25.0 24.24 f 0.78 97.0 

50.0 45.80 c 2.15 91.7 
100.0 93.70 * 4.39 93.7 

Mean t S.D.: 95.5 f 3.0 

The recovery of lofemizole was investigated in the range l-100 pgjml of 
plasma, the analysis being performed in quadruplicate at each concentration 
(Table III). The mean recovery in the whole range investigated was 95.5%. The 
amount of lofemizole added correlated well with that found, as shown by the 
following relationship obtained by linear regression: lofemizolefo,,d (pg/ml) = 
0.221 + [0.932 X lofemiZole,dd,d (pgg/ml)], r = 0.9999, p < 0.0001. The 
slope of the resulting linear function can be considered as a significant expres- 
sion of the extraction recovery; in this respect the slope (0.932) is very near to 
the mean recovery value. 

Reproducibility was evaluated by the standard deviation (S.D. %). It was 
2.5% when 1 ml of solution containing 50 ng of N-methyllofemizole and 50 
ng of internal standard was injected seven times. Reproducibility for the entire 
analytical procedure, including the extraction, was about 4-5% in the range 
5-100 pg/ml of plasma and rose to 13% at a concentration of 2.5 pg/ml and to 
24% at a concentration of 1 pg/ml. On this basis the sensitivity of the method 
appears to be about 2 pg/ml. 

GLC-ECD method 
Retention times were 3 min 42 set for the l-N-(2-chlorobenzoyl) derivative 

of lofemizole, the chemical identity of which was ascertained by mass 
spectrometry (Fig. 2), and 6 min 15 set for the internal standard (miconazole 



55 

% 
100 - 

80 _ 

60, 

40 - 

20, 

04 

M?=330 332 334 c-z, 

-1 

I _ 

r/ i 

Fig. 2. Mass spectrum of l-N-( 2chlorobenzoyl)lofemizole obtained in the electron-impact 
ionization mode (70 eV), the product being introduced into the source through the gas 
chromatograph. 
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Fig. 3. Gas chromatograms of lofemizole, miconazole (IS.) and, in the right panel, of a 
mixture of lofemizole and miconazole. The peaks appearjng in the first 2.5 min are due to 
the reactants employed for derivatization and are missing in the case of miconazole, 
which had not undergone derivatization. 
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TABLE V 

DETECTOR RESPONSE FACTOR AT DIFFERENT LOFEMIZOLE DERIVATIVE/IS. 
RATIOS (GLC-ECD METHOD) 

Lofemizole/I.S. weight ratio Mean d.r.f. * S.D. (n = 4) 

1:4 0.92 f 0.08 

1:2 0.94 1 0.03 

1:l 0.94 f 0.02 
2 :.I 0.98 + 0.04 
4:l 0.87 + 0.08 

TABLE VI 

RECOVERY OF THE EXTRACTION PROCEDURES FOR THE ANALYTICAL 
EVALUATION OF LOFEMIZOLE (GLC-ECD METHOD) 

Lofemizole added to Lofemizole found Recovery 
1 ml of plasma (nglml) (%) 
(ng) (mean + S.D., R = 4) 

10 

20 

50 
100 

200 
500 

1000 
5000 

9.4 + 1.5 94.0 
18.9 + 1.8 94.5 
47.0 + 2.0 94.0 

95.0 f 6.3 95.0 

187.0 + 8.4 93.5 

480.0 + 16.4 96.0 

940.0 ? 31.0 94.0 

4753.0 k 177.0 95.0 

Mean * S.D.: 94.5 k 0.8 

found, using linear regression, was lOfemiZolef,,,d (,ug/ml) = -1.209 + [0.951 
x lofemizole,dd,d (pglml)] , r = 1.000, p < 0.0001. In this case too the slope of 
the resulting linear function agrees with the mean recovery. Reproducibility, 
evaluated as S.D. % on repeated assays, ranged between 2% and 3% when 
standards of lofemizole derivative and I.S. were injected into the gas chroma- 
tograph in the range 100-1000 pg without extraction, the test being repeated 
four times. Over the whole analysis, including the extraction procedures, re- 
producibility ranged between 3.3% and 6.6% in the concentration range 
50-5000 ng/ml, and increased to 9.5% at a concentration of 20 ng/ml and to 
16% at 10 ng/ml. The sensitivity of this method therefore seems to be around 
10 ng/ml. 

DISCUSSION 

In the very first approach lofemizole was analysed without derivatization on 
non-polar stationary phases such as SP-2100 DB. The tailing, low sensitivity and 
poor reproducibility prompted us to develop an appropriate N-derivatization of 
the molecule, as others have done with other lH-imidazoles [7). This in fact 
proved to be a very difficult process, because the more aggressive reactants 
such as anhydrides or acyl chlorides cause imidazole ring cleavage in lofemizole. 
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An extractive N-methylation, like that introduced by Ervik and Gustavii 
[S] for sulphonamide diuretics, led to a stable derivative with a quantitative 
yield. Despite the aromatic chlorine in the lofemizole molecule it could not be 
revealed by using the electron-capture detector, and the thermoionic-specific 
detector did not attain a sensitivity high enough to be suitable for our 
purposes. Thus the first analytical method employing a flame-ionization 
detector was performed with the aim of starting the pharmacokinetic studies 
on the rat. The distribution volume data obtained in the rat clearly indicate 
that the sensitivity achieved with the FID method was not high enough for 
pharmacokinetic studies to be carried out on human beings. A new N-deriva- 
tization method with a chlorinated reactant therefore needed to be developed. 

I I I I I 1 I 1 I 1 I I 1 
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TIME (h) 

Fig. 5. Lofemizole plasma levels evaluated in a human volunteer orally treated with 100 mg 
of the drug. 

The acyl chloride of 2-chlorobenzoic acid showed rather slow reaction 
kinetics, thus any undesired cleavage of the imidazole ring was avoided. The 
derivative was obtained in an extractive acylation process with a quantitative 
yield and could be revealed by ECD with a very high degree of sensitivity. This 
method allowed quantitative evaluation to be performed on humans who had 
been orally or rectally treated with 50 or 100 mg of lofemizole for bio- 
availability investigations. Fig. 5 shows the plasma levels of lofemizole in one 
subject treated with a lOO-mg dose of lofemizole per OS. An extensive investiga- 
tion is now in progress using this method on both animal species and human 
beings in order to clarify the pharmacokinetic behaviour of lofemizole. 
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