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SUMMARY

Therapeutic monitoring of antiepileptic drugs is
important in process of optimisation of therapy
of epileptic patients. Carbamazepine (CBZ) and
Lamotrigine (LMT) are important drugs in therapy
of epileptic patients which requires the monitoring
of concentration of these drugs in serum. Our study
aim was the comparison and interpretation of the
results of routine therapeutic monitoring of Carbam-
azepine and Lamotrigine in spotlight of antiepilep-
tic therapy optimisation. We have analyzed 74 blood
samples of epileptic patients who were in therapy
with Carbamazepine or Lamotrigine. High pressure
liquid chromatography was used in determining the
serum concentration of above mentioned drugs.
Results of our study show the positive correlation
between dosage and serum concentration of CBZ.
(r = 0.78). The correlation coefficient between the
dosage and serum concentration of LMT is higher

than CBZ (r = 0.825). In the process of monitoring
of serum concentration of CBZ, very important is-
sueis the serum concentration of active metabolite
named to carbamazepine-10,11-epoxide (CBZE).
The correlation coefficient between the CBZ and its
active metabolite was r = 0.57. During analysis of
correlation between blood sampling time from last
dose intake and serum concentration of respective
drug in both drugs (CBZ and LMT) we have found
the negative small correlation (r =—0.256 and r
=-0.288). The results of our study contribute to
other studies which confirm the complexity of thera-
peutic drug monitoring (TDM) process in general
and particularly for CBZ and LMT. The process of
TDM requires the selection of adequate analytical
method and right appropriate interpretation of the
serum concentration of these drugs.
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1. INTRODUCTION

Different antiepileptic drugs
(AEDs), varying in their spectrum of
efficiency is prescribed for pharmaco-
logical treatment of different types of
epilepsy (1).

Epilepsy affects about 5 persons in
1,000 and represents the most common
serious neurologic disorder and many
individual epileptic patients can require
many years of, if not lifelong, treatment
with antiepileptic drugs (2,3).

Currently, approximately 10 new
antiepileptic drugs (AEDs) and numer-

ous older agents are available to pa-
tients and physicians for the treatment
of epilepsy (4).

In the last 2 decades, several new
anticonvulsants have been introduced
into routine clinical practice, trying to
improve the anti-epileptic treatment.
The advent of new AEDs is a welcom-
ing development because these drugs
produce an appreciable improvement
in seizure control in many patients who
had been refractory to older agents. Lit-
tle good-quality evidence from clinical
trials has occurred in support to the use
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of newer mono-therapy or adjunctive
AEDs over older drugs or in support
to the use of one newer AED in prefer-
ence to another (5,6).

Concerning these facts, the old
AEDs still remains the most prescribed
AED over newer AEDs, despite the fact
of a trend for some new AEDs to man-
ifest better tolerance than older agents
(7). Carbamazepine (CBZ), pheno-
barbital, phenytoin, and valproic acid
are commonly prescribed antiepilep-
tic drugs that are metabolized exten-
sively and show complicated pharma-
cokinetic behavior that is influenced by
other drugs. In the group of newer AED,
the valuable used drugs are gabapen-
tin, lamotrigine, topiramate, and oxcar-
bazepine, which have a narrow thera-
peutic index, and need the careful in-
dividualization of the dosage in order
to optimize the clinical response (8-14).

Due to the nature of epilepsy, it is
problematic to monitor AED treatment
by direct observations of clinical re-
sponse in the individual patient. Antiep-
ileptic drugs are characterized with im-
portant inter-and/or intra-individual var-
iation in pharmacokinetics, due to drug
interactions and genetic polymorphism,
with variability in dose concentration re-
lationship, different susceptibility to ad-
verse reaction and many of antiepileptic
drugs correlate the clinical effect better
with blood levels than with doses (15-17).
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The pharmacological treatment of
patients with epilepsy is one of the ar-
eas where therapeutic drug monitor-
ing (TDM) has made the most signif-
icant contributions in optimization of
therapy. The interpretation of plasma
levels of AED in the light of the clin-
ical situation of epileptic patients can
markedly influence dose optimisation
of this drugs (18).

Although the TDM for old AED is
established, there are some discussions
regarding r newer AEDs that routine se-
rum concentration monitoring cannot
be justified in the absence of studies de-
signed to explore specifically their con-
centration response relationship, but a
case for applying TDM of these drugs
in individual patients can still be made
(14,19,20).

Our study aim was to compare and
interpret the results following the intro-
duction of a routine therapeutic moni-
toring of Carbamazepine (CBZ) and La-
motrigine (LTG) service in spotlight of
antiepileptic therapy optimisation and
impact of blood sampling time in se-
rum concentration of respective drugs.

2. MATERIAL AND METHODS

This retrospective study was carried
out on 74 blood samples, collected from
epileptic outpatients who were referred
to the therapeutic drug monitoring in
the department of Clinical Pharmacol-
ogy of University Clinical (UCC) Center

Parameter N Mean SE
Serum Conc. CBZ (mg/L) 44 15.45 9.57
Serum Conc. LMT (mg/L) 30 3.096 2.63

TABLE 1. The mean value and standard deviation of serum concentration of CBZ and LMT

Parameter n Mean SE
Blood sampling from last CBZ dose (min) | 44 705.456 256.75
Blood sampling from last LMT dose (min) |30 526.17 315.08

TABLE 2. The importance of blood sampling time from the last dosage time

Parameter

Serum Conc. CBZ (mg/L)

Blood sampling from last CBZ dose (min)

=-0.256

Blood sampling from last LMT dose (min)

r=-0.288

TABLE 3. The correlation between blood sampling time and serum concentration of CBZ and LMT

“Charite” in Berlin. From 74 samples,
carbamazepine was measured in 44 of
them, while lamotrigine in 30 samples.

The blood samples have been col-
lected from epileptic inpatient and out-
patients treated in the Departments of
Neurology of UCC “Charite”. The se-
rum concentration of above drugs has
been determined in the steady state
concentration. The serum concentra-
tion of these drugs has been measured
by high pressure liquid chromatogra-
phy (HPLC). For TDM of CBZ we have
used the isocratic system of Shimadzu
HPLC (HPLC pump-Shimadzu model:
LC-9A; Auto-injector—Shimadzu model:
SIL-9A and UV detector—Shimadzu
model: SDP-6AV).

For determination of CBZ and La-
motrigine by HPLC System Shimadzu,
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SCHEME 1. Schematic of an HPLC procedure for determination of CBZ and LMT serum concentration

we have used the commercially reagents
and procedure supplied by Chrom-
systems Instruments and Chemicals
GmbH (Chromsystems-Munich, Ger-
many). For sample preparation of CBZ,
we have used the methods established
by above mentioned company. For sam-
ple preparation, we have used patient
serum and Internal Standard, Precipi-
tation Reagent Stabilisation Buffer and
calibration solution from commercial
company.

Serum samples were stored at
-70°C. Using the chromatographic
methodology, we have obtained the
level of carbamazepine-10,11-epoxide
(CBZ-E), as active metabolite of CBZ.

The stability of method has been
checked by calibration stability, which
is controlled by daily running of con-
trols to check the intra and inter assay
specificity. Between run, coefficients of
variation were less than 8% for all assays
in all laboratory analytical systems and
were in the accepted analytical range.

Statistical analysis of the data was
made using the SPSS for windows (ver-
sion 12.0) and Microsoft Excel. Para-
metric tests were used when the data
had a Gaussian distribution (Student-t
test and Pearson correlation coefficient,
mean and SD).

3. RESULTS

The results of our study are obtained
from analyses of samples during rou-
tine service of therapeutic drug mon-
itoring performed in UCC “Charite”
Berlin.

We have analyzed the serum con-
centration of CBZ and LMT measured
by method of high pressure liquid
chromatography (HPLC). The serum
concentration of CBZ and LMT have
been analyzed in terms of correlation

MED ARH 2010; 64(2) ® ORIGINAL PAPERS 81



Carbamazepine and Lamotrigine Plasma Concentrations in Epileptic Patients during Optimising Therapy

210000 o o 210000 o o

1800.00 o o o o 1800.00] 00 o o
° El
£ ° £ °
N 1500.00-] o o o & 150000 oo o
o o
- -
o o
& 1200.00 o o omwo 1m0 o am
:
a a
%‘ 900.00] © O @o a’ o o 2 90004 OCO® ® O

T

e °© o o ° a 8o o

600.00 % o ® 600004 O 8 o

° o o °o ° o
300.00] [o} [o} 300004 o o
T T T T T T T T T T
000 10.00 20.00 30.00 40.00 0.000 0500 1000 1.500 2000
Serum conc. CBZ (mg/L) Serum conc. CBZ-E (mg/L)
Fig. 1. r= 0.780 p<0.01 Fig. 2. r = 0.494 p<0.01

FIGURE 1&2. Correlation between daily dose of CBZ and serum concentration of CBZ serum (Fig.) and
between daily dosage of CBZ and serum concentration of active metabolite of CBZ (Fig. 2)

40.00— 600
o
%
500~
2‘3000— o o 5 o]
2 £
E o o =400
N o =
o S ° 3
[$]
A o @
J 2000 o D300 0o o
g ° g
o o 3 oo o
£ 8 [ 2
2 0.9 3 200 [oe] o
8 %O a o
10.00 k) ° (o]
0,00
D o o, 100 ooom o
° Q o ° oo
@
o o
000 o]
T T T T T T T T T T T
0,000 0500 1.000 1500 2.000 000 200 400 6.00 800 10.00
Serum conc. CBZ-E (mg/L) Serum conc LMT (mg/L)
Fig 3. r= 0.570 p<0.01 Fig. 4. r = 0.825 p<0.01

FIGURE 384. Correlation coefficient between the CBZ as primary drug and CBZ-E as active metabolite of
CBZ (Fig 3.) and high value correlation between the daily dosage and serum concentration of LMT (Fig. 4)

between daily dosage and serum con-
centration of these drugs, correlation
of CBZ and active metabolite of CBZ
named CBZ-E and we have analyzed
the correlation coefficient between time
of serum concentration of drug and
time of blood sampling from last dos-
age intake of respective drug.

In table 1 we have presented the
mean value and standard deviation of
serum concentration of CBZ and LMT.
The mean value of CBZ is higher than
max. value of target range for serum
concentration for CBZ (4-12 mg/L)
while the mean value of serum con-
centration of LMT is in normal range
(1-4 mg/L).

In the figure 1 we have presented
the correlation between daily dose of
CBZ and serum concentration of CBZ
serum (r=0.78 p<0.01) while in figure
2 we have presented the same correla-
tion relation between daily dosage of
CBZ and serum concentration of active
metabolite of CBZ (r.0.494 p<0.01). The
obtained results shows much high cor-

relation between daily dose and serum
concentration of CBZ compared with
correlation between relation between
daily dosage of CBZ and serum con-
centration of active metabolite of CBZ
(carbamazepine-10,11-epoxide)

Due to therapeutic importance of
CBZ-E, in figure 3 we have presented
the correlation coefficient between the
CBZ as primary drug and CBZ-E as
active metabolite of CBZ. The results
show the moderate correlation between
these 2 components.

In the figure 4 we have showed the
high value correlation between the
daily dosage and serum concentration
of LMT.

The importance of blood sampling
time from the last dosage time we have
presented in the table 2. The data from
this tab. shows the high variability of
blood sampling time for CBZ espe-
cially for LMT.

In the table 3 we have presented the
correlation between blood sampling
time and serum concentration of CBZ
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and LMT. In both cases, we have ob-
tained the small negative correlation.

4. DISCUSSION

In the light of presented litera-
ture, establishing the antiepileptic se-
rum level is a widely accepted modality
which facilitates control of drug dosage
regimen, evaluation of therapeutic ef-
fect and reveal of drug patient compli-
ance. The interpretation of TDM results
depends on several complex factors as
follows: the pharmacokinetics of meas-
ured drug, co-medication, the selected
analytical method and adequate sam-
pling time. Several studies have docu-
mented that the monitoring of antiep-
ileptic is frequently done inappropri-
ately (21-23).

In the TDM of CBZ, the important
step is determination of serum concen-
tration of CBZ and its active metabo-
lite called CBZ-E. The correlation co-
efficient between daily dosage and se-
rum concentration of CBZ in adults,
presented by Kumps is r=0.385 (24).

Almost same correlation coefficient
has presented the Strandjord et all (r =
0.35, p < 0.01) and Desoky et all, r=0.5;
P-0.001 (25,26).

The result of our study shows much
higher correlation comparing with
above mentioned studies. (r = 0.78
p<0.01).

The correlation coefficient between
the daily dosage of CBZ and its active
metabolite (CBZ-E) is less than the cor-
relation between daily dosage and se-
rum concentration of CBZ. (r=0.494
p<0.01 vs. r = 0.78 p<0.01).

Conversion of CBZ to carbamaze-
pine-10,11-epoxide (CBZE) through
cytochrome P450 (CYP) 3A4 as main
metabolic pathway uses a mass of about
30 and 50% of the dose administered to
patients during antiepileptic treatment
with CBZ (27,28)

These facts are attributing the im-
portant role of this active metabolite in
the therapeutic value of CBZ (29,30).

The TDM of CBZ, using the chro-
matography system, enables to obtain
the results of CBZ-E, while the deter-
mination of CBZ-Z by immunoassays
methods is not possible.

In our study we have obtained the
moderate correlation between CBZ and
CBZ-Elevel, r=0.570 p<0.01 and it is al-
most in same range with other authors.
(Mihaly et all, y = 0.1 Ix + 0.58; n = 34,
r = 0.495; P <0.05; Fahiolino et all, n =
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69, r = 0.476, (p < 0.001) (31).

The results of our study and the re-
sults of other authors shows for hetero-
geneous value of correlation coefficient
between the daily dosage and serum
concentration of CBZ and this relation
is more complicated because the clini-
cal effect of CBZ depends from its ac-
tive metabolite too. These facts confirm
the importance of TDM in the dose op-
timisation.

The correlation between daily dose
and serum concentration of LMT in
our study is high correlation (r=0.825
p <0.001). Nevertheless, this correla-
tion is smaller than the correlation co-
efficient between daily dose of LMT as
mono-therapy and serum concentra-
tion found by Devulder et all (r = 0.9475
per p = 0.0041) and similar with results
of author Morris et all r*=0.83 p<0.01)
which has presented the correlation be-
tween the dose and serum concentra-
tion of LMT in patients who have re-
ceived co-medication with other anti-
epileptic drugs (32,33).

The important fact in the TDM is
the definition of therapy as mono-ther-
apy or poly-therapy due to evident im-
pact of other drugs in serum concen-
tration of measured drugs.

The limitation of our study were the
inability to define has the patient re-
ceived the CBZ or LMT as mono-ther-
apy or with other antiepileptic drugs.

Important factor to obtain the valid
serum concentration of monitored
drugs is the sampling time. Recom-
mended sampling time for CBZ and
LMT is pre-dose (34).

The negative small correlation co-
efficient between the serum concen-
tration and blood sampling time from
last dose of CBZ or LMT do not repre-
sent appropriate information for im-
portance of this procedure in the pro-
cess of TDM. For definition of impor-
tance of blood sampling time, we pro-
pose the randomised controlled pro-
spective study.

5. CONCLUSIONS

Results of our study show the pos-
itive correlation between dosage and
serum concentration of CBZ. (r = 0.78;
p<0.01). The correlation coefficient be-
tween the dosage and serum concen-
tration of LMT is higher than CBZ (r =
0.825; p<0.01). In the process of moni-
toring of serum concentration of CBZ,
serum concentration of active metab-

olite named to carbamazepine-10,11-
epoxide (CBZE) is a very important is-
sue. The correlation coefficient between
the CBZ and its active metabolite was
r=0.57.

Our results for both drugs shows
negative low correlation between the
time from last dose intake and time of
blood sampling of CBZ or LMT (r =
-0.256 respective r =—0.288 for p<0.01).
The correlation coefficient between the
daily dosage of CBZ and its active me-
tabolite (CBZ-E) is less than the corre-
lation between daily dosage and serum
concentration of CBZ. (r=0.494 p<0.01
vs. r = 0.78 p<0.01).
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