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Abstract: An automated analytical method for the determination of felbamate in human plasma is described. Sample 
cleanup and preparation was performed by means of a Zymate II laboratory robot and consisted of a liquid-liquid 
extraction of felbamate and the internal standard, primidone, from human plasma to dichloromethane. The 
dichloromethane was evaporated and reconstituted in a phosphate buffer. Separation was performed by reversed-phase 
high performance liquid chromatography using a 5 u,rn Hypersila ODS column (150 X 4.4 mm) and a mobile phase 
consisting of a mixture of phosphate buffer (pH = 6.5, 0.015 M) and acetonitrile (79:21, v/v). Quantitation was 
performed by measurement of the UV absorbance at a wavelength of 210 nm. The lower limit of quantitation was 
0.100 pg ml-’ using 200 p,I of plasma. The mean absolute analytical recovery of felbamate was 75.2% (n = 28). The 
recovery of the internal standard, primidone was 74.7% (n = 10). The within-day precision was below 3.8% at all 
concentration levels, except at the lower limit of quantitation (18.3%). The within-day accuracy varied between -3.7 and 
+7.4%. The between-day precision was below 5.0% at all concentration levels. The between-day accuracy of the method 
varied between -5.7 and +1.6%. The selectivity of the method towards several other anti-epileptic drugs has been 
demonstrated. 
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Introduction 

Felbamate (2-phenyl-1,3-propanediol-dicarb- 
amate) (Fig. 1) is a chemically unique rela- 
tively non-toxic anti-epileptic drug, currently 
under investigation in clinical trials. Felbamate 
has demonstrated anticonvulsant activity 
against electrically and chtmically induced 
seizures in animal models. 

So far, two methods have been published for 
the analysis of felbamate in biological fluids. 
The method published by Clark ef al. [l] is very 
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Figure 1 
Structural formula of felbamate. 

straightforward. The method consists of de- 
proteinization of the plasma sample with 
acetonitrile followed by reversed-phase HPLC. 
The method was developed for the analysis of 
felbamate concentrations in plasma samples 
from beagle dogs and cannot be used for the 
analysis in human plasma samples because of 
interferences of endogenous compounds. The 
method of Remmel et al. [2] consists of liquid- 
liquid extraction, evaporation of the extraction 
solvent, reconstitution into the mobile phase 
followed by reversed-phase HPLC. Although 
the procedure is rather straightforward it is 
time-consuming. The use of a laboratory robot 
may increase the sample throughput by more 
than a factor of two 131. 

In view of the number of samples generated 
in pharmacokinetic studies and clinical trials, it 
was desirable to develop an automated analyt- 
ical method for the analysis of felbamate. The 
automated analytical method was validated 
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with regard to selectivity, sensitivity, linearity, gas tight syringes (Hamilton, Reno, NE 89510, 
accuracy, precision and stability according to USA) of 1.0, 1.0 and 5.0 ml, respectively. The 
the recommendations of Shah et al. [4]. fixed nozzle containing four outlet tubes of the 

MLS was modified [3]. 
For the extractions a Zymark Z 620 single 

Materials and Methods 

Robotic system 
The sample preparation and the subsequent 

injection of the sample extracts was performed 
by a Zymate II Laboratory robot consisting of 
the following components (Zymark Corp., 
Hopkinton, MA 01748, USA): a Zymate Z 
110 robot (with EasyLab PlusTM Software and 
PyTechnology SoftwareTM) consisting of a 
robot arm, a Zymate robot controller with user 
memory, and a 5.25 inch floppy disk drive for 
storing and retrieving sample preparation 
methods; a Zymark Z 905 dual function hand 
was used as a gripper hand and as a syringe 
hand for pipetting. The hand is parked in a 
Hand Parking Station; and a Zymark Z 510 
Master Lab Station (MLS) equipped with three 

tube vortexing unit was used. The vortex was 
pulsed with alternating speeds, 15 s at speed 80 
and 2 s at speed 0 (= no rotation). 

The Zymark Z 710 Centrifuge Station was 
used at 13OOg (3OOll rpm). The centrifugation 
time was 10 min for each sample. 

On-line injections into the HPLC were done 
by using a Zymark ZP 311 HPLC Injection 
Station which was equipped with a 20 p1 
sample loop. The injection station is a part of 
the Analytical Instrument Interface Module. 

The Analytical Interface Module is used for 
monitoring problems with the HPLC system by 
reading the analogue signal of the detector and 
to check whether the internal standard is of the 
usual height and if its retention time is correct 
[5]. The bench-layout of the robotic system is 
given in Fig. 2. 

r-~-~ 1 I 

Fisll=2 
Bench-layout of the robotic system. 

1. Robot with arm. 11. HPLC-pump. 
2. Racks for 16 X 100 mm tubes. 12. HPLC-detector. 
3. Vortex station. 13. HPLC-column. 
4. Evaporation station. 14. Integrator. 
5. Master lab station. 15. Disposal. 
6. Centrifuge. 16. Liquid-liquid extractor. 
7. Dispensing nozzle. 17. Controller. 
8. Tube dispenser. 18. Keyboard, monitor and diskdrive. 
9. HPLC-injector. 19. Printer. 

10. Parking station for dual function hand. 20. Analytical instrument interface. 
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HPLC system 
The assay was performed with an HPLC 

system consisting of the following components: 
a Waters Model M 510 solvent delivery system 
at a flow rate of 1.0 ml min-’ (Waters Associ- 
ates, Milford, MA 01757, USA) was used. The 
analytical column was a 5 p,m Hypersile ODS 
(150 x 4.6 mm), cartridge column (Chrom- 
pack, 4330 EA Middelburg, The Netherlands) 
thermostated at a temperature of 30°C by 
means of a Julabo thermostatic waterbath RS- 
6A (Julabo Labor Technik GmbH, D-7633 
Seelbach , Germany). 

Detection was performed using a 785A 
Programmable Absorbance Detector (Applied 
Biosystems Inc, Foster City, CA 94404, USA), 
The detector was set at a wavelength of 
210 nm, a range of 0.005 AUFS and a rise time 
of 2 s. Data analysis was done with an SP 4270 
computing integrator (Spectra-Physics, San 
Jose, CA 95134, USA). 

Other instruments 
All analytical weighing was performed with a 

Mettler AT 261 analytical balance equipped 
with a Mettler GA 45 printer (Mettler Instru- 
ments AG, CH-8606 Greifensee, Switzerland). 
The pipetting was done by using a Finnpipette 
(Labsystems, Oy 00810 Helsinki, Finland). 
The polypropylene pipette-tips were obtained 
from Sarstedt (Sarstedt, D-5223 Ntirmbrecht, 
Germany). Standard solutions and spiked 
plasma samples were prepared using Hamilton 
Micro-liter@ syringes (Hamilton Bonaduz AG, 
CH-7402 Bonaduz, Switzerland). 

The mobile phase was degassed by ultra- 
sonication in a Bransonic 3200 ultrasonic bath 
(Branson Europa B.V., 3700 AA Soest, The 
Netherlands). Borosilicate culture tubes 16 x 
100 mm (Baxter Healthcare Corp., McGaw 
Park, IL 60085-6787, USA) were used for the 
extraction procedure. 

Chemicals and reagents 
The chemicals used in this analysis were 

obtained from the following companies: Felb- 
amate was supplied by Schering-Plough 
Research Institute (Schering-Plough Research 
Institute, USA). Primidone (Batch Number: 
50826-KM-HV) was supplied by Aldrich 
(Aldrich Chemie Benelux S.A., B-2880 
Bornem, Belgium). Phosphoric acid, hydro- 
chloric acid and disodium hydrogen phosphate 
dihydrate were of analytical grade and supplied 
by Merck (Merck, D-6100 Darmstadt, 

Germany). Dichloromethane of HPLC-grade 
and acetonitrile of far UV-grade were supplied 
by Labscan (Unit T26 Stillorgan Industrial 
Park Co., Dublin, Ireland). Water was purified 
by using a Milli-RO-15 and a Milli-Q water 
purification system (Millipore Corp., Bedford, 
MA 01730, USA). The mobile phase was 
prepared by mixing 420 ml of acetonitrile and 
1580 ml of phosphate buffer (pH = 6.5, 
0.015 M). The phosphate buffer (pH = 6.5, 
0.015 M) was prepared by dissolving 5.3 g of 
disodium hydrogen phosphate dihydrate in 
2000 ml of water. The pH of this solution 
was adjusted to 6.5 using phosphoric acid 
(85%). The mobile phase was degassed by 
ultrasonication for 30 min before use. Stock 
solutions of felbamate were prepared by dis- 
solving 10.0 mg of felbamate, accurately 
weighed, in 10.0 ml of methanol. If necessary, 
1000 ~1 of this stock solution was diluted to 
10.0 ml with water to obtain standard solutions 
of felbamate. 

The stock solution of primidone, the internal 
standard, was prepared by dissolving 10.0 mg 
of primidone in 10.0 ml of methanol. The stock 
solutions of felbamate and primidone were 
stored at +4”C for a maximum period of 3 
months. 

The internal standard solution was prepared 
by diluting 500 l~,l of the stock solution of 
primidone to 500 ml with water. This solution 
was stored at room temperature. Calibration 
samples and validation samples were made, in 
a concentration range of 0.100-50.0 pg ml-‘, 
by properly diluting the stock or standard 
solutions of felbamate with drug free human 
plasma. The spiked plasma pools were stored 
at -20°C and thawed just before use. 

Extraction procedure 
Plasma samples to be analysed were thawed 

in a waterbath at a temperature of 37°C and 
centrifuged for 2 min at 15OOg (2000 rpm). 
Aliquots of 200 ~.l of the plasma samples were 
transferred into borosilicate tubes. These tubes 
were placed in the sample racks of the labora- 
tory robot system. 

Subsequent sample preparation was done by 
the robotic system and consisted of the follow- 
ing steps: 
- simultaneous addition of 200 ~1 of the 

internal standard solution, 100 p,l of 
0.001 M HCl and 3.0 ml dichloromethane, 

- extraction of the analytes on the vortex 
station for 30 s, 
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centrifugation for 10 min at 1300g 

- (3000 rpm), 
- collection of the organic layer in a clean 

borosilicate tube and evaporation of the 
extraction solvent for 20 min at 50°C under 
a gentle stream of nitrogen, 

- reconstitution of the residue into 500 p,l 
phosphate buffer with the vortex station for 
30 s, 

- on-line injection of 20 yl of the sample 
extract into the HPLC system. 

Results and Discussion 

Extraction procedure 
As felbamate is a dicarbamate, quantitative 

extraction may be expected under basic con- 
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ditions. It was seen, however, that there was 
no effect of small pH changes on the absolute 
recovery. Even after addition of 0.001 M HCl 
instead of basic solutions no effects on the 
recovery were seen. The advantage of the 
addition of 0.001 M HCl over the addition of 
basic solutions was that endogenous com- 
pounds, which interfered with felbamate in the 
chromatogram system, were not extracted. 

Selectivity 
The selectivity of the analytical procedure 

was determined by analysing six independent 
blank plasma samples. The chromatograms of 
these blank plasma samples were compared 
with chromatograms obtained by analysing a 
test solution of the pure compounds and with 

c D 

Figure 3 
Chromatograms obtained by analysing a test solution containing the pure compounds of primidone (I) and felbamate (II) 
(A), a blank plasma sample (B), a plasma sample spiked with felbamate showing the lower limit of quantitation (0.100 rg 
ml-‘) (C) and a plasma sample from a subject taken after oral administration of felbamate (1200 mg) concentration 
9.33 pg ml-’ (D), retention times: primidone (internal standard) = 236 s and felbamate ~325 s. 
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chromatograms obtained by analysing plasma 
samples taken from subjects after oral adminis- 
tration of a felbamate. No interfering peaks 
were detected at the retention times of the 
compounds of interest, as can be seen in Fig. 3. 
The method was also tested for the selectivity 
towards several commonly used anti-epileptic 
drugs and their metabolites. A chromatogram 
obtained by analysing a mixture containing 4- 
hydroxyphenobarbital , primidone , felbamate , 
7-aminoclonazepam, 7-acetamidoclonazepam, 
phenobarbital, carbamazepine-lO,ll-epoxide, 
oxcarbazepine, carbamazepine, phenytoin and 
clonazepam is given in Fig. 4. 

Linearity 
Each day a calibration curve was prepared 

by analysing the spiked calibration samples 
with felbamate concentrations of 0.100, 0.500, 
2.50, 10.0, 20.0, 30.0, 40.0 and 50.0 pg ml-‘. 
Felbamate concentrations were calculated by 
using weighted least squares linear regression 
(W = Y-l). The linearity of the calibration 
curve was investigated and was shown to be 

good over the concentration range of O.lOO- 
50.0 pg ml-‘. For a typical calibration curve 
the regression equation for peak height ratio 
(y) against concentrations (x) was: y = 0.5176x 
+ 0.0195. In general, coefficients of corre- 
lation of at least 0.9993 were observed. 

Sensitivity 
The practical lower limit of quantitation was 

0.100 pg ml-‘, which was also the lowest 
concentration of the calibration curve with a 
relative standard deviation and bias of equal or 
less than 20% (see Fig. 3). 

Recovery 
The absolute analytical recovery was deter- 

mined at three different concentrations for 
felbamate (0.500, 20.0 and 40.0 pg ml-‘) and 
for the internal standard, primidone, at the 
concentration which was used during the 
analysis of the plasma samples (1.0 pg ml-‘). 

For the determination of the absolute analyt- 
ical recovery of felbamate and the internal 
standard, primidone, spiked samples were 

Chromatogram showing the selectivity towards other anti-epileptic drugs and metabolites: retention times I, t = 188 s 4- 
hydroxvphenobarbital; II, t = 216 s primidone (internal standard); III, 1 = 3@4 s felbamate; IV, t = 339 s 7- 
amiaockazepam; V, I = 353 7-acetamido-clonazepam; VI, I = 453~s phenobarbital; VII, I = 622 s carbamaxepine- 
lO,ll-epoxide; VIII, t = 761 s oxcarbazepine; IX, t = 1621 s carbamazepine + phenytoin; X, I = 2711 s clonazepam 
(concentration of all compounds: 2.5 ug ml-‘). 
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analysed 10 times as described above. The 
peak heights of these injections were compared 
to peak heights measured after injecting 10 
times an aqueous solution of felbamate and the 
internal standard, primidone, of the same 
concentration.. 

28). The recovery of the internal standard was 
found to be 74.7 + 2.0% (n = 10). 

Data on the absolute analytical recovery of 
felbamate and the internal standard primidone 
are given in Table 1. The mean recovery of 
felbamate was found to be 75.2 + 2.2% (n = 

Within-day accuracy and precision 
The within-day accuracy and precision were 

determined by evaluation of the results of the 
analyses of eight different spiked plasma pools 
14 times on the same day. The results are given 
in Table 2. 

The relative standard deviations (RSD) were 

Table 1 
Absolute analytical recovery of felbamate and primidone 

Analytical recovery (%) 
Felbamate 

Primidone 
Number 0.500 p,g ml-’ 20.0 bg ml-’ 40.0 pg ml-’ 1.00 p,g ml-’ 

1 76.2 78.9 72.2 75.9 
2 78.1 79.5 73.6 73.9 
3 77.4 79.1 71.8 74.0 
4 75.3 76.0 76.6 74.0 
5 76.3 82.2 69.1 74.6 
6 75.5 75.0 73.5 79.4 
7 73.9 75.3 74.4 73.3 
8 74.8 15.4 71.8 73.1 
9 74.6 72.3 71.9 74.9 

10 74.8 _* (91.w 74.0 

Mean (%) 75.7 77.1 72.8 74.7 
SD (%) 1.3 3.0 2.1 1.8 
RSD (%) 1.8 3.9 2.9 2.4 
n 10 9 9 10 

*Sample preparation error. 
t Rejected as an outlier by the Grubbs test (a = 0.05). 

Table 2 
Within-day accuracy and precision 

Plasma concentration of felbamate (wg ml-‘) 

Number 0.100 0.500 2.50 10.0 20.0 30.0 40.0 50.0 

1 0.081 0.492 2.57 10.6 
2 0.108 0.503 2.54 10.6 
3 0.083 0.516 2.53 10.6 
4 0.110 0.502 2.54 10.6 
5 0.109 0.504 2.53 10.5 
6 0.096 0.510 2.55 10.6 
7 0.078 0.507 2.51 10.5 
8 0.134 0.499 2.46 10.3 
9 0.106 0.513 2.54 10.3 

10 0.108 0.516 2.52 10.3 
11 0.111 0.518 2.49 10.3 
12 0.107 0.521 2.50 10.5 
13 0.124 0.533 2.53 10.8 
14 0.149 0.543 2.60 10.6 

X (kg ml-‘) 0.107 0.513 2.53 10.5 
SD (pg ml-‘) 0.020 0.014 0.03 0.15 
RSD (%) 18.3 2.6 1.4 1.4 
Bias (%) 7.4 2.5 1.2 5.1 
n 14 14 14 14 

*Sample preparation error. 
t Rejected as an outlier by the Grubbs test (a = 0.05). 

20.9 31.0 41.0 43.9 
20.6 29.3 37.9 48.6 
20.8 30.1 38.6 47.6 
20.7 29.9 38.3 46.9 
20.5 30.1 39.0 47.4 
21.8 30.4 36.6 47.2 
20.7 30.6 39.9 (41.8)t 
20.3 30.3 40.3 48.3 
20.3 30.5 39.1 50.1 
20.4 30.5 40.1 48.4 

30.5 40.2 51.4 w:)’ 
30.3 38.9 48.4 

21.0 30.8 39.1 47.9 
20.7 30.9 (31.cw 49.6 

20.7 30.4 39.2 48.1 
0.41 0.43 1.18 1.79 
2.0 1.4 3.0 3.7 
3.5 1.3 -2.1 -3.7 

13 14 13 13 
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below 3.8% at all concentrations, except at the 
lowest limit of quantitation (0.100 pg ml-‘), 
where the RSD was 18.3%. The accuracy of 
the method expressed by the bias (2 - ~)/cI.) 
varied between -3.7 and +7.4% at all 
concentrations. 

Between-day and precision 
between-day accuracy precision 

were by evaluating results of 
analyses of independently spiked 

pools over period of days. The 
of the pools were 

over the calibration range. 
results are in Table The RSDs 

Table 
Between-day precision and 

below at all The accuracy 
of method expressed by bias ((R p)/ 

varied between -5.7 and at 
conentrations 

The stability of felbamate during storage at 
room temperature was 
ing spiked plasma samples at three concen- 
trations (0.500, 20.0 and pg ml-‘) during 
a total period of 28 h. Plasma samples contain- 

felbamate showed no signs of deterioration 
during analyses stored at room tempera- 
ture (see Fig. 5). 

The stability during repeated freezing 

Plasma concentration of felbamate ml-‘) 

Date (y-m-d) 0.100 0.500 2.5 20.0 30.0 40.0 50.0 

93-10-05 0.515 
93-10-11 0.096 0.518 
93-10-12 0.100 0.502 
93-10-13 (0.303)’ 0.506 2.44 

0.088 0.525 
93-10-15 0.099 0.491 
93-10-20 0.094 0.500 
93-10-21 0.095 0.494 

i (kg ml-‘) 0.094 0.506 
SD (kg ml-‘) 0.005 0.012 
RSD (%) 2.4 1.4 

(%) -5.7 0.1 
n 8 8 

20.9 
10.1 
10.0 19.9 

20.1 
10.2 
10.1 20.2 

20.4 
10.2 

10.2 20.3 
0.3 

1.5 
1.6 1.4 

8 

30.9 47.6 
30.0 49.7 
30.5 49.5 
30.8 49.8 
30.5 49.6 
30.4 49.9 
30.3 49.8 
30.2 49.7 

30.4 

1.0 
1.5 

39.7 
0.4 

-0.7 
8 

0.8 
1.5 

8 

*Rejected an outlier the Grubbs test = 0.05). 

10 

0 2 4 6 6 10 12 14 16 18 20 22 W 26 26 

time (hours) 
l No measurement t = 16 h as a result of a system shutdown for a one-hour period 

FIgwe 5 
Stability of felmabate in human plasma during storage at room temperature. 
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thawing was determined by five freeze/thaw 
cycles at two concentrations (0.500 and 40.0 fig 
ml-‘). After each freeze/thaw cycle the 
samples were analysed in duplicate. The data 
are presented in Fig. 6. No significant deterior- 
ation was observed. 

Dilution test 
If a plasma sample has a concentration 

higher than 50.0 pg ml-‘, this sample has to be 

J. HEMPENIUS et al. 

diluted in such a way that the concentration 
after dilution will be within the validated 
calibration range. To validate this dilution a 
spiked plasma pool was prepared with a con- 
centration of 80.0 Fg ml-‘. An aliquot of 50 ~1 
was taken and blank human plasma was added 
to a total volume of 200 ~1. These samples 
were analysed as described in Extraction pro- 
cedures. The mean (*SD) results after dilution 
were SO.3 + 2.8 mg I-‘. The bias ((2 - I.L)/~) 

0.0 4 , 
0 1 2 3 4 

number of freezing/thawing cycles 

6 
Stability of felbamate during freezing and thawing, 

I felbamate Subject 01 

40- formulation 1 -c 
formulation 2 ___;_. 

35- 
.=- 

0 12 24 36 48 60 72 84 

scheme time (h) 

96 108 120 

Figure 7 
Plasma concentration-time curves. Plasma concentration-time curves after the application of the robotic method in a 
pharmacokinetic study. Comparison of two 1200 mg formulations of felbamate in a healthy volunteer. 
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of the mean observed felbamate concentration precision and accuracy. In view of the number 
is 0.4%) which appeared not to be a significant of samples that can be analysed per day this 
difference according to the students t-test (o = method is suitable for routine analysis of 
0.05). plasma samples in clinical trials. 

Application of the method 
The method is currently in use for the References 

analysis of thousands of samples generated 
from clinical trials, including pharmacokinetic 111 
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samples included). A plasma concentration 
curve of a subject after the administration of an [41 
oral dose of two formulations of 1200 mg of 
felbamate is given in Fig. 7. 
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Conclusions 

The method described for the determination 
161 

of felbamate in human plasma has proved to be 
selective and sensitive. It also shows good 
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