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Abstract 

An isocratic simple and rapid HPLC-UV method has been developed and validated for the determination of carbamazepine 
(CBZ) in human plasma, using nitrazepam (NTZ) as internal standard. Separation was carried out on a C18 column with a 
mobile phase composed of water:acetonitrile (55:45 v/v), delivered at a flow rate of 1 mL/min. Liquid-liquid extraction with 
ethyl acetate was used for the isolation of the analytes from plasma. Development of the method was based on a design of 
experiments (DOE) approach. A 23 full factorial design with central points was used in order to select the experimental 
parameters, while considering peak asymmetry, resolution between CBZ and the internal standard and retention time as 
responses. Overall, optimization of the analysis parameters was performed using Derringer's desirability function and overlay 
contour plots. The method was fully validated in the concentration range of 0.1 - 20 µg/mL, which included the entire therapeutic 
range of CBZ (4 - 12 µg/mL). The method is simple, rapid (with a total analysis time of 5 minutes) and can be applied in 
routine clinical investigations. 
 
Rezumat 

A fost dezvoltată și validată o nouă metodă lichid cromatografică pentru determinarea cantitativă a carbamazepinei (CBZ) 
din plasma umană, utilizând nitrazepamul ca standard intern. Separarea a fost realizată pe o coloană de tip C18, utilizând o 
fază mobilă conținând un amestec de apă și acetonitril, în raport volumic 55:45. Debitul fazei mobile a fost de 1 mL/min. 
Izolarea analiților din probele de plasmă s-a realizat prin extracție lichid-lichid, folosind acetatul de etil drept solvent de 
extracție. Dezvoltarea metodei a fost realizată utilizând tehnici de design experimental. A fost utilizat un design de tip 
factorial, cu trei factori la 2 nivele (23), considerându-se ca și răspunsuri asimetria picurilor, rezoluția între CBZ și standardul 
intern, precum și timpul de retenție al analiților. Pentru optimizarea parametrilor, s-au utilizat gradul de dezirabilitate și 
graficele de contur suprapuse. Metoda a fost validată pe un interval de concentrații între 0,1 și 20 µg/mL, care include zona 
terapeutică a CBZ (4 - 12 µg/mL). Metoda este simplă, rapidă (cu un timp total de analiză de 5 min) și poate fi aplicată în 
monitorizarea terapeutică a CBZ. 
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Introduction 

Carbamazepine (CBZ) is a tricyclic iminostilbene 
derive that is used as a first line drug in the treatment 
of trigeminal neuralgia, temporal lobe epilepsy and 
other convulsive disorders [6]. 
Therapeutic CBZ concentrations have been reported 
to be in the range of 6 - 12 µg/mL [6], although 
significant variations may arise. Its high pharmaco-
kinetic variability often leads to poor correlation 
between drug dosage and drug pharmacologic effects 

[24], since the therapeutic outcome is related to CBZ 
concentration reaching the systemic circulation, 
rather than to the administered dosage [28]. 
Being both a highly variable and a narrow therapeutic 
index drug [14], CBZ is a good candidate for 
therapeutic drug monitoring (TDM). 
TDM provides a valuable tool to further understand the 
lack of therapeutic outcome of the therapy in specific 
cases, as well as the inter-individual pharmacokinetic 
variability and the factors responsible. Furthermore, 
TDM can help distinguish between ineffective drug 
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treatment, non-compliance and adverse effects that 
mimic the underlying disease, and therefore be a useful 
tool in providing safe dosage regimens in therapy [17]. 
In the particular case of CBZ, usefulness of TDM is 
widely recognized [23]. However, in order to perform 
a successful TDM using the quantitative determination 
of specific drugs in body fluids, sensitive and 
selective analytical methods are needed [1, 4]. 
Numerous methods have been reported for the 
analysis of CBZ in biological samples, using RP-
HPLC coupled with UV or MS detection and C18 
[5, 8, 11, 18, 20, 25, 27], C8 [9] or C14 [29] stationary 
phases. Other methods include HPTLC [21] or 
immunoassay [19] techniques. Several methods were 
developed and used for permeability studies [16, 22]. 
A comparison of the previously employed analytical 
methods for determination of CBZ has been previously 
published [28]. 
The aim of the present study was the development 
and validation of a new, simple and rapid HPLC-
UV method for the quantitative evaluation CBZ, 
appropriate for routine TDM purposes, using a Design 
of Experiments (DOE) approach. 
The DOE techniques include the use of experimental 
design, generation of mathematical equations and 
graphic outcomes [15]. By means of multivariate 
analysis techniques, the experimental design fits the 
experimental data into mathematical equations 
(models), in order to predict and optimize the 
studied parameters (responses) [12, 13]. Application 
of DOE in HPLC development and optimization is 
recent, but the advantages over conventional approaches 
are significant [3, 26]. As compared to the present 
CBZ methods, this approach provides a better 
insight into the sensitivity of chromatographic factors 
and their interaction effects on the performances of 
the chromatographic separation and allows a more 
efficient optimization of the separation. 
 
Materials and Methods 

Chemicals 
Carbamazepine (European Pharmacopoeia reference 
standard) was purchased from the European Directorate 
for the Quality of Medicines (EDQM, Strasbourg, 
France), whereas nitrazepam (NTZ), used as internal 
standard (IS) was acquired from Sigma-Aldrich (St. 
Louis, MO, USA). HPLC grade acetonitrile and 
methanol were purchased from Merck KGaA, Germany. 
The water for chromatographic use (resistivity 0.055 
µS/cm, TOC < 5 ppb) was obtained by reversed 
osmosis using a Barnstead® Easysure RoDi system. 
All other reagents were of analytical grade, obtained 
from different commercial suppliers and used without 
further purification. 
Instrumentation 
The tests were carried out using a Thermo® Surveyor 
Plus High Performance Liquid Chromatograph (Thermo 

Fisher Scientific, Waltham, MA, USA) equipped with 
quaternary pump, automated sampling system, Peltier 
thermostated column compartment and diode array 
detector (DAD). Data acquisition, monitoring and 
processing of output chromatograms were performed 
using Chromquest 4.1 system control software. 
An Adventurer® analytical balance (OHAUS Corp., 
Greifensee, Switzerland) was used for the weighing 
of standard substances. The mobile phase solution 
was filtered through a 0.45 µm membrane filter  
using a glass vacuum filtration assembly (Millipore 
Corp., Bedford, MA, USA) and degassed by 
sonication using a S60 H ultrasonic bath (Elma 
GmbH, Singen, Germany). 
Chromatographic conditions 
Separation was achieved on a Hypersil BDS C18 5 µm, 
4.6 x 125 mm column (Thermo Fisher Scientific, 
Waltham, MA, USA), maintained at 22ºC. The mobile 
phase consisted of a water:acetonitrile (55:45 v/v) 
mixture, delivered at a flow rate of 1.0 mL/min. 
Detection of the analytes was performed using a 
diode array detector (DAD) set at 285 nm (with full 
recording of the spectrum between 200 nm and 400 nm). 
The total run time was of 5 minutes. 
Blank human plasma was obtained from the Army 
Centre of Transfusion Haematology (Bucharest, 
Romania). 
Standard solutions 
Stock standard solution of CBZ and NTZ were 
prepared in methanol at a concentration of 1 mg/mL. 
The prepared stock solutions were stored protected 
from light, at 4ºC. For development and optimization 
purposes, a working solution containing 25 µg/mL 
CBZ and 25 µg/mL NTZ was freshly prepared by 
diluting the stock standard solution with mobile 
phase in the day of analysis. 
The calibration standards were prepared by spiking 
blank plasma samples with the appropriate amounts of 
CBZ standard solution in order to obtain standards at 
concentrations of 0.1, 0.5, 1, 2, 4, 8, 12 and 20 µg/mL. 
Quality control (QC) samples were prepared 
independently, in a similar way, by diluting the 
mixed working solution to obtain low (QC3), medium 
(QC2) and high (QC1) concentrations. All plasma 
samples were immediately divided into 1.5 mL poly-
propylene microcentrifuge tubes maintained at -20ºC 
and thawed immediately prior to analysis. 
Sample extraction 
In order to isolate CBZ and NTZ from the biological 
matrix, a liquid-liquid extraction procedure was applied. 
Briefly, 50 µL of 100 µg/mL NTZ in methanol 
were mixed with 1000 µL of plasma sample for 1 
minute. Then, 250 µL of 25% ammonia solution and 
4 mL of ethyl acetate were added and the resulting 
sample was vortex-mixed for another 3 minutes. 
Finally, 100 µL of isopropanol along with a few 
crystals of sodium chloride were added. The mixture 
was further vortex-mixed for 15 minutes, transferred 
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into centrifuge tubes and centrifuged for 15 minutes at 
approximately 4500 G and 8°C. The upper layer was 
retrieved and evaporated at 40°C, under nitrogen 
stream (about 30 minutes). The dried residue was 
reconstituted with 500 µL of mobile phase and 
sonicated for 5 minutes. The resulting sample was 
transferred into a HPLC vial for analysis. 
Assay validation  
The method was validated according to the Food and 
Drug Administration (FDA) guidance for Bioanalytical 
Method Validation, including selectivity, linearity, 
accuracy, precision, recovery and stability [10]. 
Specificity was evaluated in relation to interferences 
from endogenous matrix components from drug-
free plasma sample of different origin.  
The calibration curve was constructed using eight 
concentration levels in the range of 0.1 - 20 µg/mL. 
The peak-area ratios of the CBZ to the internal 
standard were calculated and plotted against the 
nominal analyte concentration. The correlation between 
the two parameters was established by least squares 
linear regression analysis. Each sample was analysed 
in triplicate. 
Evaluation of the detection limit (LOD) and 
quantification limit (LOQ) was performed based on 
the signal-to-noise ratio. The concentrations yielding 
to signal-to-noise ratios of 3:1 and 10:1 were 
considered as LOD and LOQ, respectively. 
Intra-day accuracy and precision were evaluated for 
the three QC samples from the results of five 
replicate analyses, whereas for estimation of the 
inter-day accuracy and precision replicates at each 
QC levels were performed in different days. The 
accuracies were considered adequate if the calculated 
values were within 15% of the nominal concentration 
(or 20% at LOQ). The precision of samples was 
acceptable if the relative standard deviation (% 
RSD) was not exceeding 15% for all levels except 
LOQ, where the limit is 20%. 
The stability studies were designed to mimic as 
close as possible the long-term storage of plasma 
samples, stock solutions and extracted samples in 
the autosampler awaiting analysis. The stability of 
stock solution was investigated for three months at 
2 - 8ºC, the processed samples stability was evaluated 
for 24 hours, whereas stability of the unprocessed 
plasma samples was screened for 3 weeks at -20ºC 
and after 3 freeze-thaw cycles. 
Statistical analysis 
The experimental design for the optimization along 
with data analysis, response surfaces and contour 
plots related to the DOE approach were performed 
using the trial version of Design-Expert 11.0 soft-
ware (Stat-Ease, Inc., Minneapolis, MN, USA). 
The other statistical analyses as well as graphical 
representation of data were performed using Graph 

Pad Prism 7 (GraphPad Software Inc., La Jolla, CA, 
United States) software. 
 
Results and Discussion 

Method development 
A mixed approach strategy was employed in the 
development and optimization of the HPLC method, 
employing a screening step performed  through the 
traditional approach of changing one factor at a 
time (OFAT approach), whereas optimization of the 
experimental parameters was done through DOE. 
Nitrazepam (NTZ) was selected as internal standard 
(IS), due to its similarity with carbamazepine, both 
structural and in terms of partition properties. 
The initial screening tests allowed selection of the 
chromatographic column, mobile phase components, 
CBZ extraction method, as well as identification of 
the critical values of some experimental values, e.g. 
the maximum amount of organic modifier in the 
mobile phase that ensured CBZ retention on the 
chromatographic column. 
Screening of different C18-based columns allowed 
selection of a Hypersil BDS C18 5 µm, 4.6 x 125 mm 
column (Thermo Fisher Scientific, Waltham, MA, 
USA), which provided the best peak shape and 
resolution between CBZ and NTZ. 
Generally, in order to keep the molecule in the 
unionized form, and therefore to ensure better retention 
in a reversed-phase system, it is important to maintain 
the pH at 2 units above the pKa for the basic 
compounds and 2 units below the pKa for the acidic 
ones [3]. However, high pH is not compatible with 
most of the HPLC columns [2]. Therefore, an alternate 
approach of using an acidic mobile phase and 
maintaining the basic compounds in completely 
ionized form is generally preferred. However, CBZ, 
despite being a weak base, is not ionisable, hence 
variations in the pH of the mobile phase had 
virtually no effect on CBZ retention. However, 
NTZ has amphiphilic molecule, and therefore is 
partially ionized at pH values below 4.5. Using acidic 
pH mobile phase led to lower retention of NTZ and 
decreased resolution of the chromatographic separation. 
As a result, we chose not to perform any pH 
modification of the mobile phase (Figure 1). 
Out of the commonly used organic modifiers in 
chromatography, acetonitrile (ACN) was selected, 
due to obtaining superior CBZ peak shape by 
comparison with methanol. A content of organic 
modifier below 65% (v/v) was found to be critical 
in the separation, since, above this ACN 
concentration, CBZ was no longer retained on the 
column. 
In order to isolate CBZ from the biological matrix, 
both liquid-liquid extraction (LLE) and protein 
precipitation (PP) with ACN were attempted. 
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Figure 1. 

Microspecies distribution (%) for a) Carbamazepine and b) Nitrazepam; in both cases, the unionized form of the 
compound is plotted in red. 

 
As PP has the advantages of speed and simplicity, 
an initial approach during method development was 
based on precipitation of plasma proteins with ACN. 

Despite achieving high CBZ recovery (Table I), 
this approach resulted in a LOQ value 5 times 
higher than LLE, and therefore was discarded. 

Table I 
Performances of different CBZ isolation methods from plasma 

Method type Organic solvent Mean recovery (%) RSD (%) 
LLE Dichloromethane 110.54 34.3 
LLE Ethyl acetate 96.28 2.6 
PP Acetonitrile 95.98 6.9 

LLE= liquid-liquid extraction; PP=protein precipitation 
 
Dichloromethane and ethyl acetate were screened as 
extraction solvents in the LLE approach. The best 
results with respect to recovery, RSD and specificity 
were obtained for ethyl acetate (Table I). The pH of 
the plasma sample did not have significant influence 
on CBZ recovery (mainly due to the unionizable 
structure of the molecule). However, higher NTZ 
recovery as well as an overall lesser variability of 
the extraction process was obtained in weakly basic 
medium. 
Optimization of the HPLC method trough DOE 
Selection of the optimized variables was based on 
the preliminary OFAT experiments and on prior 
knowledge from the literature. The significance of 
the studied factors was evaluated by a full factorial 
design (FFD), followed by both a mathematical 
(Derringer’s desirability function) and a graphical 
(overlay contour plots) approach in order to achieve 
global optimization of the separation process. Since 
FFD cannot account for curvature of the response 
surface, the design was augmented by using central 
points. 
Three experimental factors varied at two levels were 
selected as independent variables: the percent of 
organic modifier in the mobile phase (A), the flow 
rate (B) and the column temperature (C). Three 

replicates of the central point were also included 
into the design. In order to minimize the effects of 
uncontrolled variables that may lead to biased 
measurements, the experiments were performed in 
randomized order. The resulted experimental matrix, 
presented in Table II, consists in a number of 11 
experiments, of which 8 are factorial and 3 
correspond to replicates of the central point. 
The overall objective of our study was to ensure 
maximum resolution of the chromatographic separation, 
symmetric chromatographic peak shapes and to 
facilitate the accurate quantification of CBZ with 
minimum run time. Therefore, the selected responses 
were: asymmetry factor of the CBZ peak (AsC), 
coded as Y1 in the design, resolution of the 
chromatographic separation between CBZ and NTZ 
(Res), coded as Y2, as well as retention times of 
CBZ (RtC) and NTZ (RtN), coded as Y3 and Y4 
respectively. 
Introduction of the retention times in the design 
was performed in order to guarantee appropriate 
retention of CBZ (expressed through RtC) and a 
minimum run time (expressed through RtN, since 
NTZ is the last eluting peak in the chromatogram). 
The experimental values for the investigated 
responses are presented in Table II. 
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Table II 
Experimental design matrix of the selected independent variables and measured responses for the applied FFD design 

Run no. 
Factor levels (actual values)  Responses 

A-ACN (%) B-Flow (mL/min) C-Temperature (ºC) Y1-AsC Y2-Res Y3-RtC Y4-RtN 
1 45.0 1.50 30.0  1.18 3.41 1.70 1.18 
2 52.5 1.25 26.0  1.19 2.73 1.74 1.19 
3 60.0 1.00 30.0  1.24 1.64 1.76 1.24 
4 60.0 1.50 30.0  1.27 1.22 1.10 1.27 
5 52.5 1.25 26.0  1.19 2.79 1.72 1.19 
6 45.0 1.50 22.0  1.17 3.72 1.69 1.17 
7 45.0 1.00 30.0  1.14 3.90 2.40 1.14 
8 52.5 1.25 26.0  1.20 2.82 1.73 1.20 
9 45.0 1.00 22.0  1.13 3.98 2.44 1.13 

10 60.0 1.50 22.0  1.24 2.01 1.09 1.24 
11 60.0 1.00 22.0  1.20 2.17 1.78 1.20 

 
In order to understand the impact of the independent 
factors as well as of their interaction on the separation 
quality, the experimental data were fitted according to 
a polynomial equation calculated by multiple regression 
analysis. The resulting model can be expressed as: 
Y = β0 + βaA + βbB + βcC + βaβbAB + βaβcAC + βbβcBC 
where, Y is the response to be modelled, β are 
regression coefficients for each main and interaction 
effects and A, B and C represent the considered 
factors. 
Significant factors influencing each response were 
identified by means of the half-normal plots and 
Pareto charts. Through backwards elimination, only 

the significant terms (p < 0.05) were retained and 
further subjected to the analysis of variance (ANOVA) 
test in order to obtain equation for each response, 
coefficient of determination (R2), as well as to assess 
the quantitative and qualitative effects of the studied 
factors and of their interactions. The Pareto charts 
(Figure 2) as well as perturbation plots (Figure 3) 
emphasize that ACN percent (A) has the most 
important overall effect on the investigated responses, 
whilst temperature (C) affected CBZ symmetry (Y1) 
and resolution (Y2) and had virtually no effect on 
the retention times (Y3 and Y4). 

 

 
Figure 2. 

Pareto charts for the investigated responses; negative effects are plotted in blue, whereas positive effects are orange. 
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It is to note that all the investigated factors increased 
CBZ asymmetry (unwanted effect), but also increased 
resolution between the interest peaks (desired effect) 
(Figure 2). 
A better understanding of the experimental effects can 
be obtained through examination of the perturbation 
plots (Figure 3). This type of graphs shows how an 
individual response changes as each factor moves 

from a chosen reference point, with all other factors 
held constant at the reference value. A very steep 
slope or marked curvature for a factor indicates that 
the response is highly sensitive to that factor. In our 
case, it is to note that all perturbation plots showed 
low to no curvature, indicating reduced quadratic 
effects. 

 

 
Figure 3. 

Perturbation plots showing the effect of the independent factors on the responses; 
only significant effects were maintained. 

 
The statistical parameters obtained from ANOVA 
for the regression models are listed in Tables III 
and IV. 
A curvature term was added to the model, in order to 
check the prediction power of the factorial model in 
the centre of the design space. However, for all the 
investigated responses, curvature was found to be 
not significant, therefore was not considered in the 
final model. A probability p < 0.05 was obtained for 
all models, implying that they are significant (Table 
IV). Adjusted R2 values of 0.9886, 0.9925, 0.9968 
and 0.9628 respectively were obtained, suggesting a 
strong correlation between the observed and predicted 
values and therefore a good fit between the experimental 
model and the polynomial equations (Table III). The 

“Adequate Precision” function, a measure of the signal 
(response) to noise (deviation) ratio was between 
46 and 168 (Table III), which indicates an adequate 
signal (a ratio greater than 4 being considered as 
desirable). The reproducibility of the model (expressed 
by means of the RSD %) was also adequate (< 3%). 
Response surfaces and contour plots for the 
investigated responses are depicted in Figure 4. 
Since temperature has overall the lowest 
significance degree, only responses function of 
ACN percentage (A) and flow rate (B) is presented. 
The fact that all the surfaces formed hillsides with 
low curvature degrees indicated that the factors 
contributed mostly independently to the effects on 
the studied responses. 
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Table III 
ANOVA results for the FFD applied. Non-significant terms were excluded 

Factors 
Y1-AsC  Y2-Res  Y3-RtC  Y3-RtN 

F p  F p  F p  F p 
A 665.50 < 0.0001  4336.17 < 0.0001  2326.38 < 0.0001  773.41 < 0.0001 
B 137.50 < 0.0001  120.75 0.0001  2914.54 < 0.0001  602.73 < 0.0001 
C 49.50 0.0004  199.61 < 0.0001  - -  - - 

AB - -  - -  - -  - - 
AC 15.28 0.0079  59.04 0.0006  - -  - - 
BC - -  16.39 0.0098  - -  - - 

            
Lack of fit 0.4205 0.7913  4.1629 0.2030  3.5902 0.2338  16.0145 0.0599 

!!"#!  0.9886   0.9925   0.9968   0.9628  

 
Table IV 

Regression model and statistical parameters obtained from ANOVA for the investigated responses 
Response Regression model Model p-

value 
RSD (%) Adequate 

precision 
Y1(AsC) Y1 = 1.20 + 0.0413·A + 0.0187·B - 0.0112·C + 0.0063·AC < 0.0001 0.39 46.74 
Y2(Res) Y2 = 2.76 - 0.9963·A - 0.1663·B - 0.2138·C - 0.1162·AC - 0.0612·BC < 0.0001 2.92 50.53 
Y3(RtC) Y3 = 1.74 - 0.3128·A - 0.3501·B 0.0004 1.05 138.41 
Y4(RtN) Y4 = 2.02 - 0.4498·A - 0.3971·B - 2.26 60.89 

 

 
Figure 4. 

Response surface and contour plots of the four evaluated responses as a function of acetonitrile percent (A) and 
flow rate (B). Column temperature (C) was kept constant at the centre value (t = 26ºC). 

 
For the overall optimization of the analysis parameters, 
both a mathematical (Derringer’s desirability function) 
and a graphical (overlay contour plots) approach 
were used. 
The main global objective of the method optimization 
process was to maximize resolution while maintaining 
symmetric peaks and minimizing the analysis time. 

One possible approach in identifying a set of 
experimental conditions that optimizes all responses 
or at least keeps them in a desired range is by using 
Derringer’s desirability function (D), defined as the 
geometric mean of the individual desirability functions 
[7]. A value of D of 1 signifies that the combination of 
the different criteria is globally optimal; hence all 
responses are simultaneously in the desired range. 
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In order to apply the method, the target values and 
constraints for each response had to be defined. 
In order to shorten the analysis time while separating 
the first eluting peak from the solvent front, the 
maximum resolution between CBZ and NTZ was 
targeted, while simultaneously ensuring a minimum 
retention time of 1.5 min for CBZ, and a maximum 
retention time of 3 minutes for NTZ. A supplementary 
constraint was that the asymmetry factor for CBZ 
to range between 1 and 1.2. 
Following the conditions and restrictions presented 
above, the response surface plot obtained for desirability 
function is presented in Figure 5, with the maximum 
desirability obtained for A: 45% ACN, B: 1 mL/min 
and C: 22ºC. 

 

 
Figure 5. 

Graphical representation of the overall desirability 
function D. Flow Rate (B) is plotted against ACN 

percentage (A), with temperature (C) held constant 
at 22ºC 

 

 
Figure 6. 

Identification of the Design Space using overlay plot of 
effects: yellow region indicates Design Space, whilst in 
the grey region the responses are below the desired level 

 

Using the contour plot approach (Figure 6), the 
Design Space can be identified. 
 

Method validation 
The aim of the validation was to establish that the 
analytical method is suitable for quantitative 
determination of CBZ from plasma samples. Several 
widely recognized validation criteria were evaluated 
(selectivity, linearity, limit of quantification, accuracy, 
precision, recovery and stability), in accordance with 
the FDA guidelines [10]. 
Selectivity of the optimized chromatographic method 
was emphasized based on the ability of the assay to 
separate CBZ and NTZ from plasma samples with-
out interference from any endogenous material. 
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Figure 7. 

Calibration curve for CBZ in the range 0.1 - 20 µg/mL 
 
The calibration curve, constructed by plotting the 
average response factors (peak-area ratios of the CBZ 
to the internal standard) obtained for 8 different 
CBZ levels against the nominal concentrations of 
was linear in the range of 0.1 - 20.0 µg/mL, with a 
correlation coefficient R2 = 0.9990 (Figure 7). 
The therapeutic range of carbamazepine is reported 
to be in the range of 6 - 12 µg/mL [6], therefore is 
fully included in the linearity domain, making the 
method appropriate for the intended use, namely 
TDM. 
Based on the signal-to-noise ratio, a value of 0.1 
µg/mL was established as LOQ for the method 
(Figure 8). 
The intra-day and inter-day accuracy (expressed as 
the % bias from the true value) and precision 
(evaluated based on the % RSD) were determined 
for the QC samples. Assay accuracy (% bias) 
ranged from -3.39% to 5.03%, and precision (% 
RSD) ranged from 0.83% to 7.70% as shown 
in Table V, being well within the accepted values. 
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Figure 8. 

Representative chromatogram of a plasma sample spiked with CBZ at the LOQ level 
 

Table V 
Intra- and inter-day accuracy (% Bias) and precision (% RSD) of the method 

Nominal concentration  Intra-day  Inter-day 
 % Bias % RSD  % Bias % RSD 

0.1  4.40 7.12  -3.39 7.70 
12  5.03 2.72  2.31 2.79 
20  -1.19 0.86  2.35 0.83 

 
The stock solutions of CBZ and NTZ were stable 
for at least three months when maintained in the 
refrigerator, whereas the study samples were stabile 
when maintained for 21 days at -20°C and after 
three freeze-thaw cycles. The processed samples were 
stable in the autosampler for at least 24 hours. 
Application of the method for therapeutic drug 
monitoring 
The applicability of the developed method was 
assessed by analysing a real plasma sample of a 

patient undergoing CBZ treatment (200 mg daily 
dose administered orally). Whole blood sample was 
obtained from a 74-year-old woman, with a body 
weight of 72 kg. Written consent of the volunteer 
was obtained. Blood samples were taken in the 
morning, one hour after administration of the medicine. 
A sample chromatogram obtained after analysis of 
the patient sample is presented in Figure 9. The 
CBZ concentration in the sample was 4.8 µg/mL

 

 
Figure 9. 

Chromatogram obtained at 1 hour after the oral administration of 200 mg CBZ to a patient undergoing CBZ 
treatment.  

 
Conclusions 

A simple and fast chromatographic method used for 
the determination of carbamazepine in human plasma 
has been developed and validated. The acceptance 
criteria were met for all validation parameters. The 

method was successfully applied for therapeutic drug 
monitoring and can also be used in pharmacokinetic, 
bioequivalence and permeability studies. 
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