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Carbamazepine is an anticonvulsant used in the treatment of grand mal, 
psychomotor epilepsy and also in trigeminal neuralgia. Side-effects are fairly 
common and therapeutic drug monitoring should be carried out during t.reat- 
ment. 

Plasma concentrations of carbamazepine may be closely related to its 
therapeutic as well as toxic effects [I] _ Carbamazepine exerts a useful thera- 
peutic effect at plasma concentrations of 2-5 pg/ml [2, 31. Plasma levels 
higher than 12 pg/ml are often associated with adverse effects. Carbamazepine 
lO,ll-epoxide, the major metabolite in plasma [4], is as potent_ as the parent 
compound in preventing electroshock-induced seizures in the -rat [5]. It is 
necessary, therefore, to measure the parent drug and its active metabolite, as 
both may contribute to the therapeutic effect of the drug [6]. 

Gas-liquid chromatographic (GLC) 17, S] , thin-layer chromatographic [9], 
spectrophotometric [lo], fluorescence [ 111, and high-performance liquid 
chromatographic (HPLC) [12, 133 methods have been used to determine 
carbamazepine alone or in combination with other agents. . 
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All proposed methods suffer from one more of the following requirements: 
an excessive amount of manipulation time; extraction (either single or multiple 
steps) to clean the sample; sample dilution; a fairly large volume of plasma; 
chemical derivatization (in GLC). Furthermore, the poor stability of 
carbamazepine and its lO,ll-epoxide at high temperatures (GLC) may cause 
errors in the determination of true plasma levels. 

The method developed has none of these drawbacks. Quantitation can be 
achieved ivithin 15-20 min after obtaining the plasma sample. No. derivatives 
are made, and no extraction used. This method is ideally suited for the simul- 
taneous determination of the two compounds in plasma using as little as 50 ~1 
of plasma, and was used to investigate the kinetics of carbamazepine and its 
metabohte in humans. 

EXPERIMENTAL 

Reagents 
Acetonit&le (HPLC grade) was supplied by Merck (Darmstadt, G.F.R.). 

Carbamazepine and its lO,ll-epoxide were obtained from Ciba-Geigy (Base& 
Switzerland) by generous gift. Nitrazepam was supplied by Roche (Basel, 
Switzerland)_ 

Apparatus and chromatographic conditions 
&I LC3 liquid chromatograph (Pye Unicam, Cambridge, Great Britain) 

equipped with a variable-wavelength detector (Pye Unicam) was used in a 
reversed-phase system with Partisil ODS-2 as the stationary phase (250 mm X 
4.6 mm I.D.; particle size 10 pm; Whatman), and acetonitrile-water (50:50, 
v/v) as the mobile phase. Assays were performed using column thermoregula- 
tion (25”). The flow-rate of the mobile phase was maintained at 0.9 ml/min 
(20.02). The effluent stream was monitored at 288 nm. The volume of sample 
injected was 20 ,ul (Rheodyne injector). 

Standard curve and sample preparation 
A standard curve was prepared for carbamazepine and its lO,ll-epoxide in 

the following manner. Aliquots of 200 ~1 of pooled human plasma were spiked 
with various quantities of methanolic stock solution (1 g/l) of each compound. 
The stock solutions were kept refrigerated and sealed until use (stable for 2 
months at +4”). A plasma that was known to be free of the compounds to be 
analysed and .five plasma samples, with concentrations ranging from 1 to 20 
pg/ml of carbamazepine and its epoxide, were Vortex mixed for about 20 sec. 
These samples were deprotemized by the addition of 200 ~1 of a freshly 
prepared (daily) acetonitrile solution of internal standard, nitrazepam, at 
4 pg/ml (methanolic stock solution of 1 g/l, stored at +4” in the dark up to one 
month), Vortex mixed 10 set and centrifuged for 5 min at 650 g. Aliquots 
of 20 ~1 of the clear supematant were chromatographed. Peak heights were 
used for quantitation. 

Drug recovery study 
Five samples each of 200 ~1 of water and pooled human plasma were spiked 
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with a stock solution of carbamazepine, its lO,ll-epoxide and nitrazepam to 
give a final concentration of 5 pg/ml and analysed as described above. 

Drug interference study 
Many compounds were tested for possible interference_ A reference 

toxicological plasma was used (Hyland, Costa Mesa, Calif., U.S.A.). 

In uico study 
Six in-patients participated voluntarily in the study. Carbamazepine, 3 mg/kg 

or 6 mg/kg of body weight in capsule form, was administered as a single oral - 
dose at 8.00 a.m. No food was allowed for 12 h before dosing. Venous blood 
samples were collected in heparinized vials at various times and were 
centrifuged within 10 min at 650 g (+4”) to obtain plasma fractions (stored 
at -20” until analysis). 

RESULTS AND DISCUSSION 

Method 
The standard curves of carbamazepine and its lO,ll-epoxide were linear in 

the concentration ranges studied. For example, the carbamazepine plot linear 
regression line was y = 0.322~ - 0.037 (r = 0.9999), and that for the epoxide 
y = 0.179x - 0.019 (r = O-9977), where y is the ratio of the peak height (in 
centimeters) of carbamazepine or the epoxide to that of nitrazepam, and x 
is the concentration in pg/ml. 

The peak height measurements were found to be superior to peak area 
estimation_ For example, the reproducibility, estimated by the ratio (SD.) 
(peak of carbamazepine)/(mean)(peak height or area), was 0.016 for peak 
height and 0.0304 for peak area measurements. 

Reproducibility was calculated by 30 replicate analyses for each concentra- 
tion on the standard curve (Table I) and was satisfactory. 

Recovery was essentially complete: 99.8% f 0.2 (mean + SD., n = 30). 
Under the conditions of this analysis, the minimum concentration that can be 

TABLE I 

REI?RODUCIBILITY OF CARBAMAZEPINE (I) AND ITS lO,ll-EPOXIDE METABOLITE 

(II) FROM PLASMA 

Each value represents the mean of 30 experiments (: S.D.). 

Amount added 
to plasma 

(rrglmi) 

I 2.0 

5.0 
10.0 
20.0 

II 2.0 
5.0 

10.0 
20.0 

(peak height I or II)/ 
(peak height IS) 
* SD. 

0.474 2 0.009 
1.446 i 0.027 
2.644 f 0.019 
6.043 i 0.067 
0.350 f 0.008 

0.915 2 0.020 
2.066 f 0.024 
4.087 + 0.059 

Amount found 
(pg/ml) * S.D. 

1.90 2 0.40 
5.15 f 0.12 
9.76 + 0.08 

20.06 2 0.74 
1.98 + 0.30 
5.05 5 0.15 
9.80 + 0.10 

20.30 * 0.62 
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measured accurately is about 200 ng/ml of carbamazepine and of the epoxide. 
This value for carbamazepine is well below the therapeutic level. 

Lower concentrations give poor accuracy because of error in peak height 
measurement. Carbamazepine exhibits maximal absorption at around 285 nm 
and its epoxide at 288 nm. Detection at 288 nm was adequately sensitive and 
endogenous and exogenous interferences were minimized. 

Column regulation permits no variation in retention time and accurate repro- 
ducibility of the peak height ratio of drug to internal standard (IS). Retention 
times for carbamazepine and the lO,ll-epoxide were 7.4 min and 8.4 min, 
respectively (IS = 6.6 min). The flow-rate of 0.9 ml/mm was optimal. The 
efficiencies (plates per metre) were determined using various flow-rates. At 0.9 
ml/min, the number of plates per metre was 4772 for carbamazepine and 
5088 for the lO,ll-epoxide with resolution factor R = 1.04. A typical chroma- 
togram is shown in Fig. 1. 

Fig. 1. Chromatogram (HPLC) of carbamazepine (I) and its lO,ll-epoxide metabolite (II) 
(5 ug/ml of each), and nitrazepam (III), (internal standard, 4 fig/ml), using pooled, spiked 
human plasma. 

The drug interference study showed that only phenytoin interfered with 
carbamazepine but at a concentration much higher than would usually be 
encountered clinically. Pooled human plasma spiked with 5 pg/ml of carbama- 
zepine and 30 pg/ml of phenytoin gives 5.27 pg/ml for carbamazepine 
(rec’overy 105.2%, error 5.2%). 

After centrifugation the clear supernatant may be stored in a sealed glass 
culture tube for 2-4 days without significant change. 
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In vivo study 
The data for humans are graphically presented in Fig. 2. 
The various pharmacokinetic parameters (and their mean values) calculated 

are set out in Table II. 
The mean values of K and Z’I,+ obtained in the present study are reasonably 

similar to these reported by others [7, 13-151. Dose dependence of IL.1 and 
vd was studied in our laboratory and the results [lS] suggest that the 

elimination rate constant tends to increase with increasing drug dose. 

Fig. 2. Plasma levels of carbamazepine after a single oral dose (2, 3 mg/kg; f, 6 mg/kg) of 
carbamazepine to human volunteers. 

TABLE II 

PHARMACOKINETICS PARAMETERS* AND THEIR VALUES FROM SIX 
VOLUNTEERS 

Dose Patient AUC, vd 

(mgl-’ h) (1 kg-’ ) 

3 mglkg Del. 50.4 0.0134 273 0.78 
Ric. 35.0 0.0198 190 0.85 

Bon. 30.5 0.0227 130 0.99 
Mean 38.6 0.0186 197 0.87 
SD. f 10.4 + 0.0047 i 71 + 0.11 

6 mglkg Lab. 25.9 0.0267 151 1.46 
Zel. 43.3 0.0160 225 1.65 
Mar. 22.9 0.0302 98 1.10 

Mean 30.7 0.0243 158 1.40 
S.D. i 11.0 + 0.0074 + 63 c 0.28 

*T,, elimination half-life; Kd, first-order elimination rate constant; AUC,, area under the 
plasma concentration curves; vd, apparent volume of distribution 
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