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Abstract

Background: The proposed action mechanism and pharmacological activity of car-
bamazepine (CBZ) and its major metabolite, carbamazepine-10,11-epoxide (CBZE),
are the same. The aim of our study was the investigation of the effect of concomitant
antiepileptic treatment and renal insufficiency on the relative proportions of serum
CBZ and CBZE.

Methods: Serum trough steady-state CBZ and CBZE concentrations were determined
by high-performance liquid chromatography (HPLC) in 140 epileptic patients treated
with CBZ in monotherapy (n=100) and polytherapy with phenytoin, phenobarbital
and valproate (n=40). The levels of CBZ were also determined using the Dade Be-
hring enzyme multiplied immunoassay technique (EMIT). The glomerular filtration
rate (GFR) was estimated from serum cystatin C using the Dade Behring nephelom-
etric immunoassay.

Results: The CBZE/CBZ and CBZ+CBZE/CBZEMIT ratios were significantly
increased in 7 cases (3 in monotherapy and 4 in polytherapy) with GFR<60 mL/
min/1.73m? in relation to the patients treated in monotherapy or polytherapy having
normal or mildly decreased renal function (p<0.001).

Conclusions: In patients with moderate to severe renal insufficiency the relative pro-
portion of CBZE with respect to the parent drug is significantly increased. In these
cases, the CBZ concentrations obtained using the EMIT, or other immunoassays hav-
ing low CBZE cross-reactivity, may have an inadequate diagnostic efficiency.

Introduction

Carbamazepine (CBZ) is one of the most widely prescribed drugs for the treatment
of childhood and adult epilepsies. In humans only 2% of the dose is excreted as un-
changed drug, and the biotransformation pattern of CBZ is varied and complex (1).
The principal pathway of CBZ metabolism is oxidation to the pharmacologically
active carbamazepine-10,11-epoxide (CBZE), and then hydration to inactive trans-
carbamazepine-10,11-diol (CBZD) (1,2). The metabolisation of CBZ to CBZE is
catalysed by the cytochrome P450 (CYP) isoforms CYP3A4 and CYP2CS, and the
hydrolysis of CBZE to CBZD is catalysed by a microsomal epoxide hydrolase (3).
The corresponding glucuronide derivatives, and also unconjugated CBZ, CBZE and
CBZD, have been characterized in urine from patients treated with CBZ (2). The
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renal clearances of CBZ and CBZE, about 1 mL/min and 8 mL/min respectively,
are urine flow dependent, and CBZD clearance is greater than that of creatinine and
relatively independent of urine flow (4). These low CBZ and CBZE clearance val-
ues and their urine flow dependence indicate that glomerular filtration is the main
mechanism of renal elimination for both compounds (4). Concomitant administra-
tion of enzyme-inducing anticonvulsant drugs (phenobarbital and phenytoin) or
valproic acid, albeit through different mechanisms, significantly increase the rela-
tive proportion of CBZE in serum (5-7); however, to our knowledge, the possible
effect of renal insufficiency on the relative proportions of CBZ and CBZE has not
been still well studied.

Drug metabolites with pharmacological activity are candidates for monitoring,
although in clinical practice the metabolites that are routinely measured are those
for which a convenient method is available (8). Determination of CBZ is usually
carried out using different commercial immunoassays, and the active CBZE me-
tabolite is not routinely monitored together with CBZ as its measurement requires a
high-performance liquid chromatography (HPLC) method (8). The cross-reactivity
against CBZE of the different immunoassays currently used for routine CBZ de-
termination varies considerably (9—13), and the enzyme multiplied immunoassay
technique (EMIT) has a low cross-reactivity with the CBZE metabolite (11,14—16).
The main aim of our study was to investigate the comparative effect of concomitant
antiepileptic treatment and renal insufficiency on the relative proportions of CBZ
and its epoxy derivative in serum, and its possible implications on the CBZ deter-
mination using EMIT.

Patients and methods

A group of 140 epileptic patients (73 males and 67 females) with a mean age of
33.842.0 years (range 3—88 years), and treated with CBZ in monotherapy (n=100)
and polytherapy (n=40), was studied. In the cases of polytherapy, the concomi-
tantly administered antiepileptic drugs were phenobarbital (n=9), phenytoin (n=14)
and valproic acid (n=18). Daily CBZ administration was always given in multi-
ple doses, and blood samples were taken at least after a 2 month period without
any modification of the dosage, and immediately before the first corresponding
daily dose. As a result, the CBZ and CBZE serum concentrations correspond to the
steady-state trough levels. The study was carried out according to the good practice
rules for the investigation in humans of the Conselleria de Sanidade-Xunta de Gali-
cia, and all patients provided their written informed consent to participate.

Serum levels of CBZ and CBZE were determined by HPLC using an Agilent
1100 Series Chromatographic System. The assays were carried out using an iso-
cratic system with UV detection at 204 nm, a detection limit of approximately 0.5
mg/L for CBZ and CBZE, and intra-and inter-assay variation coefficients of less
than 5%. Likewise, serum concentrations of CBZ were determined using the EMIT
2000 carbamazepine assay in a V-Twin analyzer (Dade Behring). Serum samples
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were stored for less than 7 days at -25 °C, conditions that provide adequate stabil-
ity for the parent drug and its epoxide derivative (17). Total CBZ clearance (Clt)
was calculated using the expression (18): CIt=F(Dose/t)/Css, where F is the bio-
availability (0.8), t the dosing interval, and Css the steady-state trough serum con-
centration. Cystatin C was determined using the Dade Behring particle-enhanced
nephelometric immunoassay on the BN ProSpec nephelometer system, and the
glomerular filtration rate (GFR) was estimated from serum cystatin C according
to Hoek et al (19). In order to estimate the GFR from serum creatinine, the six-
variable Modification of Diet in Renal Disease (MDRD) formula (20) was used.
Serum albumin, creatinine and urea concentrations, were determined in an Advia
1650 analyzer (Siemens Medical Solutions).

The Microsoft Excel package (v 5.0) was used to statistically analyse the data,
and the Kolmogorov-Smirnov test was applied to check for normality. Pearson’s
correlation coefficient was used when the data had Gaussian distributions; oth-
erwise, Spearman’s correlation coefficient was used. The regression study was
made using the Passing-Bablock method, and the ma68 value was used as error
of the estimate. According to the consensus validation criteria of analytical meth-
ods for quantitative determination of drugs and their metabolites in a biological
matrix (21,22), the acceptance criterion for EMIT accuracy was a deviation of no
more than 15% from the nominal (HPLC) value. The results were expressed as
mean+SEM (median).

Results

Seven of the 140 patients studied (3 in monotherapy and 4 in polytherapy), with a
mean (£SEM) age of 78.3+£2.7 years (range: 76—88 years), presented an estimated
GFR from serum cystatin C <60 mL/min/1.73m?, which in accordance with the Na-
tional Kidney Foundation guidelines indicates a moderate to severe kidney function
impairment (22). In these 7 cases, the mean GFR value estimated from serum cysta-
tin C (19) was 41.97+6.29 mL/min/1.73m? (range 19.3-57.5 mL/min/1.73m?), and
from serum creatinine using the six-variable MDRD formula (20) was 43.15+8.40
mL/min/1.73m? (range 12.8-61.0 mL/min/1.73 m?), with a correlation coefficient
between them of r=0.963 (p<0.005).

As shown in Figure 1A, the relative proportion of CBZE with respect to CBZ
was significantly higher in the patients who had GFR values of less than 60 mL/
min/1.73m?, independently of whether they were treated in mono- or polytherapy.
Furthermore, in these patients the CBZ+CBZE/CBZEMIT ratios were significantly
higher than in the patients with better renal function (Figure 1B); however, the
CBZHPLC/CBZEMIT ratio does not appear to be significantly altered by the pa-
tients’ GFR, as indicated in Figure 1C. A highly significant correlation was found
for the total number of patients studied between the CBZE/CBZ and CBZ+CBZE/
CBZEMIT ratios (1=0.774, p<0.001). These results are in accordance with the low
cross-reactivity of the EMIT against to CBZE previously described (11,14-16).
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Figure 2 shows the regression and correlation found between the results ob-
tained by EMIT for CBZ and the results obtained by HPLC for CBZ (Figure 2A)
and CBZ+CBZE (Figure 2B). The difference between the means (medians) ob-
tained by EMIT and HPLC for the CBZ concentration, 8.20+0.24 mg/L (8.0 mg/L)
and 7.66+0.23 mg/L (7.30 mg/L) respectively, is acceptable in accordance with the
validation criterion used (21,22). The degree of renal insufficiency does not appear
to affect the dispersion between the values for CBZ obtained by EMIT and HPLC
(Figure 2A), although on considering the values of CBZ+CBZE, the deviation is
higher in cases with a GFR<60 mL/min/1.73m? (Figure 2B).

The results obtained for the concentrations of CBZ and CBZE in the patients with
GFR greater than 60 mL/min/1.73m? (n=133) are shown in Table 1. In accordance
with our previously published results (10,13), the mean CBZE/CBZ ratios in the pa-
tients with concomitant valproic acid (0.40+0.04) or phenobarbital and phenytoin
(0.41+0.04) were analogous. The difference between the means (medians) of the con-
centrations obtained for CBZ by EMIT and HPLC is acceptable in accordance with
the validation criterion used (21,22); however, the sum CBZ+CBZE has a difference
higher than 15% with respect to the parent drug levels obtained using EMIT or HPLC.
As would be expected, the CBZE/CBZ ratio and CBZ Clt were significantly higher in
the patients treated in poytherapy (p<0.001), and a highly significant correlation was
found between both pharmacokinetic variables (r=0.420, p<0.001). In the 7 patients
having GFR <60 mL/min/1.73m?, the levels of CBZ and CBZE were respectively
5.91+1.03 mg/L (5.2 mg/L) and 5.29+1.11 mg/L (6.1 mg/L), with a CBZE/CBZ ratio
of 0.9440.18 (0.91) significantly greater than those obtained for the patient groups
with normal renal function treated in mono or polytherapy (p<0.001).

Discussion

In our patients, the estimation of the GFR was carried out using serum cystatin C
according Hoek et al (19). Cystatin C has been proposed as a good GFR marker,
as this low-molecular protein is produced at a constant rate regulated by a “house-

Table 1. Serum levels of carbamazepine, carbamazepine-10,11-epoxide, and total
clearance of carbamazepine in the patients with glomerular filtration rate greater
than 60mL/min/1.73 m?

n CBZEMIT CBZHPLC CBZE CBZE/ Clt CBZ
(mg/L) (mg/L) (mg/L) CBZ (mL/min)
Monotherapy 96  8.61+0.26 8.10+0.25 2.06+0.10  0.25+0.01  50.83+1.67
(8.40) (7.80) (1.90) (0.24) (50.16)
Polytherapy 37 6.95%0.51 6.40+0.50 2.30+0.14  0.40+0.03  87.334+8.00
(6.80) (6.30) (2.30) (0.40) (85.50)

The results are expressed as mean+SEM(median)
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keeping” gene expressed in all human nucleated cells (23), and freely filtered at
the glomerulus (19). The recent results of Pirttild et al, demonstrate an increased
cystatin C expression in astrocytes and neurons during human chronic epilepsy
(24); however, this unregulated expression of cystatin C does not appear to possess
a systemic condition, as in our epileptic patients with GFR <60 mL/min/1.73 m?,
the estimation of GFR values from serum cystatin C (19) and creatinine using the
six-variable MDRD equation (20) led to analogous results.
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Our results show that in the patients with GFR<60mL/min/1.73m? there is an
exponential increase of the CBZE/CBZ ratio, in parallel with the CBZ+CBZE/
CBZEMIT ratio, as renal function decreases, without the CBZEMIT/CBZHPLC ra-
tio being modified in any significant way (Figure 1). The increase of the relative
proportion of CBZE with respect to the parent drug in renal insufficiency is signifi-
cantly higher than that produced by the concomitant administration of phenobarbi-
tal, phenytoin and valproic acid. In the 5 patients having GFR <50 mL/min/1.73
m?, serum concentrations of the CBZE metabolite may be similar, or even greater,
than those of CBZ, in contrast to the patients, both in mono or polytherapy, with
normal or mildly decreased renal function in which the CBZE/CBZ ratio was al-
ways <0.7 (Figure 1A).

The CBZE metabolite has been shown to posses similar pharmacological activ-
ity and proposed action mechanism as that of the CBZ (25), and consequently, the
monitoring of the parent drug and its epoxy derivative may be desirable (11). In
patients with severely impaired renal function, we should expect that serum levels
of CBZ obtained using EMIT may be clinically unacceptable, because therapeutic
serum concentrations of CBZ would present neurological toxicity as CBZE adds to
the therapeutic effect of CBZ (Figure 2B).

In the patients having normal or mildly decreased renal function, the CBZ results
obtained by EMIT present a lower deviation with respect to the sum CBZ+CBZE
(Figure 2B). In these patients, CBZ+CBZE would be estimated from the CBZEMIT
values using the linear regression equations: CBZ+CBZE=1.23CBZEMIT-0.49
(ma68=0.48mg/L,1=0.961)formonotherapy,and CBZ+CBZE=1.14CBZEMIT+1.02
(ma68=0.48, =0.969) for polytherapy, with a diagnostic efficiency of 93% for the
correct classification of the results as subtherapeutic, therapeutic and suprathera-
peutic levels (data not shown).

In conclusion, an increased proportion of the CBZE metabolite in relation to the
parent drug was obtained in serum from patients with renal insufficiency, which
was significantly greater than that produced by concomitant phenobarbital, pheny-
toin and valproic acid administration. Consequently, on the contrary to the case of
phenytoin (26), the CBZ monitoring using immunoassays may be clinically unsuit-
able in patients with severely impaired renal function. In these cases, the CBZ de-
termination using the Dade Dimension immunoassay, which has the highest CBZE
cross-reactivity of all the most frequently used commercial immunoassays (10,11),
should be evaluated.
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