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LT AMAATET T3 clobazam DZHE clobazam 7R TNT
FEMERETY N-desmethylclobazam @ I Hi8 BE

R, S5, BT B, FWLXE 8
LR XFEFRNER

Clinical Effects of Clobazam on Refractory Epilepsies with Reference to Plasma Levels of
Clobazam and its N-desmethyl Metabolite

Kenji Takei, Hisao Miura, Wataru Sunaoshi, Fumihiko Katayama, Toshiyuki Iwasaki

Department of Pediatrics, Kitasato University, School of Medicine
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Abstract

The long-term effectiveness of acetazolamide (AZA) and its side effects, especially the formation of renal calculi, were investigated in a
prospective study when AZA was used as an adjunct to other antiepileptic drugs in the treatment of refractory epilepsies. The subjects
comprised 37 patients aged from 1 to 17 years (mean age, 8 years and 1 month) whose seizures were hard to control with the use of two or
more drugs among sodium valproate, carbamazepine and clonazepam. Thirty-two of the 37 patients were complicated with mental retarda-
tion. A daily dose of 10 mg/kg of AZA was first administered and then the dosage was increased up to 20 mg/kg based on the clinical
response and side effects. The maintenance daily dosage of AZA (12.2 = 42 mg/kg) produced a steady-state plasma concentration of
6.2 + 4.5 pg/ml. Among the 37 patients, complete seizure control for more than 3 years was obtained in four patients. Although there
were no significant differences, all of the four patients were classified as having symptomatic localization-related epilepsies. Seizures
recurred in five after complete remission for at least 6 months, and six showed >50% decrease in seizure frequency for more than 6 months
after the introduction of AZA. Twenty-eight patients, who were taking AZA for 10 months to 14 years (mean, 6 years and 5 months), were
examined for the formation of renal calcuti. None of them showed evidence of renal calculi. This study reinforces the idea that AZA may be a
useful adjunct drug in selected patients with refractory symptomatic localization-related epilepsies. © 2002 Elsevier Science B.V. All rights
reserved.

Keywords: Acetazolemide; Refractory epilepsy; Long-term effectiveness; Side effects; Renal calculi

1. Introduction

Acetazolamide (AZA), a carbonic anhydrase inhibitor,
was first used to treat epilepsy by Bergstrom et al. in 1952
[1]. Since then, the effect of AZA on the treatment of
various types of epilepsics has been reported [2,3}.
However, the rapid appearance of drug tolerance limits
the value of AZA as an anticonvulsant. AZA is also
known to impair renal functions and to cause the formation
of renal calculi [4].

In this study, we administered AZA to refractory epileptic
patients whose seizures were not adequately controlled with
the combined administration of two or more drugs among
sodium valproate (VPA), carbamazepine (CBZ) and clona-
zepam (CZP). All of the patients were treated at our pedia-
tric neuropsychiatric outpatient clinic. The long-term
efficacy of the AZA addition to conventional therapeutic
regimens for controlling epileptic seizures was evaluated

* Corresponding author. Tel.: +81-46-247-1577; fax: +81-46-247-1577.
E-mail address: fkara@t3.rim.or.jp (F. Katayama).

prospectively and the relations between the plasma concen-
trations and the efficacy of AZA were examined. The
adverse effects resulting from this addition were also
assessed, particularly regarding the formation of renal
calculi.

2. Materials and methods
2.1. Efficacy of AZA

We evaluated the efficacy of AZA in 37 patients, There
were 17 males and 20 females. They included 16 patients
with symptomatic localization-related epilepsies, four with
cryptogenic localization-related epilepsies, five with cryp-
togenic or symptomatic generalized epilepsies, one with
symptomatic generalized epilepsies, and 11 with undeter-
mined epilepsies [5]. Thirty-two patients were complicated
with mental retardation. The age of the patients at the time -
of the introduction of AZA ranged from 1 year and 5 months
to 17 years and 1 month (mean age, 8 years and 1 month).
The seizures were hard to control using two or more drugs

0387-7604/02/% - see front matter © 2002 Elsevier Science B.V. All rights reserved,
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among VPA, CBZ and CZP. The patients had been epileptic
for the time ranging from 5 months to 15 years and 1 month
(mean, 5 years and 10 months} before the introduction of the
AZA therapy. The period of medical observation after the
introduction of AZA ranged from 1 month to 9 years and 10
months (mean, 1 year and 8 months). The starting dose of
AZA was 10 mg/kg daily and then the dosage was increased
up to 20 mg/kg based on the clinical response and side
effects. The following combinations-of antiepileptic drugs
had been used before the introduction of AZA: (1) VPA +
CBZ in five patients; (2) VPA + CZP in one; (3) CBZ +
CZP in eight and (4) VPA + CBZ + CZP in 23 patients.
Phenobarbital (PB) or phenytoin (PHT) was also used in
some patients combined with these regimens. All the
patients had shown one or more seizure recurrences every
month before the introduction of AZA. We assessed the
seizure frequency mainly based on interviews with the
patients and their parents.

The plasma concentrations of the anticonvulsants were
monitored every 6 months, or more often as required. The
plasma levels of the antiepileptic drugs were determined at
steady state, that is, after the same therapeutic regimen was
administered for at least 4 weeks. AZA and the other anti-
epileptic drugs were administered twice a day, in the morn-
ing and in the evening. Blood specimens for the
determination of the plasma drug concentrations were
collected 2-4 h after the intake of the antiepileptic drugs
in the moming, at which time the drugs reached their peak
plasma concentrations during the day. The plasma concen-
tration of AZA was measured by high-performance liquid
chromatography according to the modified method
described by Bayne et al. [6]. The plasma levels of VPA,
CBZ and CZP were measured by one of the following meth-
ods: the fluorescence polarization immunoassay method;
high-performance liquid chromatography, or gas chromato-
graphy. We have been using these techniques for the deter-
mination of the plasma concentrations of antiepileptic drugs
for several years,

2.2. Side effects of AZA

Among these 37 patients, we evaluated the relationship
‘between the long-term administration of AZA and the
formation of renal calculi in 28 patients who were still
taking AZA even after our efficacy evaluations of AZA.
The age of the 28 patients ranged from 5 years and 5 months
to 28 years (mean age, 16 years and 9 months). The age at
which AZA was first administered ranged from 1 year and 5
months to 17 years and 1 month (mean, 9 years and 8
months). The duration of the administration of AZA was

-from 10 months to 14 years and 8 months (mean, 6 years

and 5 months).

These patients included those who did not respond to the
prescribed dose of AZA in the previous analysis regarding
the efficacy of AZA. Some of these patients were subjected
to changes in either the dose or the content of the concomi-

tantly administered anticonvulsants. Investigations included

-history taking, plain abdominal radiography, renal ultraso-

nography, as well as examinations of the blood and urinary
parameters related to the formation of renal calculi. Patients
suspected of having renal calculi underwent intravenous
pyelography (IVP). Laboratory examinations included the
complete blood count (red blood cell count, white blood cell
count, hemoglobin, hematocrit, platelet count and white
blood cell differential count), liver function tests (aspartate
aminotransferase, alanine aminotransferase and alkaline
phosphatase), renal function tests (bleod urea nitrogen and
creatinine), serum electrolytes (sodium, potassium, calcium
and phosphate), as well as urinalyses {urea nitrogen, creati-
nine, calcium, phosphate and pH).

We also investigated the other side effects of AZA mainly
by interviewing the patients and their parents.

2.3. Statistical analyses

The chi-square test for independence or the two sample
r-tests were used for the statistical analyses.

3. Results
3.1, Effectiveness of AZA

A daily dose of 10 mg/kg of AZA was first given and then
the dosage was increased to 20 mg/kg based on the clinical
response and side effects. The maintenance daily dosage of
AZA at the time of the estimation of its effectiveness
(12.2 = 4.2 mg/kg) gave the steady-state plasma AZA
concentration of 6.2 *+ 4.5 pg/ml. The dosage and plasma
levels of VPA, CBZ and CZP before the introduction of
AZA were within the therapeutic range for any combination
of the drugs, and there were no changes in the plasma levels
of VPA, CBZ and CZP after the addition of AZA (Table 1).

The clinical efficacy of AZA on several types of epilep-
sies is shown in Table 2, We divided the patients into four
groups according to the level of seizure control. Among the
total of 37 patients, complete seizure control for more than 3
years was obtained in four patients (10.8%). Five patients
(13.5%) showed seizure recurrence after complete remis-
sion for at least 6 months, and six (16.2%) showed >50%
decrease in seizure frequency for more than 6 months. AZA
was ineffective in 22 patients (59.5%). The chi-square test
for independence between the localization-related epilep-
sies and other types of épilepsies showed no statistical
differences in the efficacy. However, the long-term control
of seizures was only possible in the patients who had symp-
tomatic localization-related epilepsies. No long-term
control was observed in patients with the other types of
epilepsies.

We also evaluated the efficacy of AZA on each type of
epileptic seizures (Table 3). According to the chi-square
test, there were no differences in the effectiveness between
partial seizures, which include secondarily generalized
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Table 1

. Dosage and plasma levels of acetazolamide and other antiepileptic drugs combined with acetazolamide

Drugs Number of patients® Daily dosage (mg) Daily dosage (mg/kg) Plasma levels (pg/mi)

Without AZA With AZA
VPA K} 805 * 354 353277 835179 789173
CBZ 36 387 * 186 162+ 3.2 7627 8.0x22
czp 3R 27+17 0.11 £ 0.04 344+ 123 313 =125°
AZA 37 230+ 104 122+42 6245

* All the patients were treated with two or more drugs other than acetazolamide.

¥ Concentration in ng/ml.

seizures, and other seizure types such as myoclonic seizures.
However, in our observations, long-term remission was
recognized only in the patients with partial seizures.

The relationship between the clinical efficacy of AZA and
other concomitantly administered antiepileptic drugs were
evaluated (Table 4). The chi-square tests between the
combination of CBZ and CZP and other combinations
revealed the statistically significant effectiveness of the
combination of CBZ and CZP {P =0.05). Among the
eight patients in this group, two showed complete control
of seizures for more than 3 years. Recurrent seizures devel-
oped in three patients after complete control of the epileptic
condition for more than 6 months, In one patient, the seizure
frequency was reduced to less than 50% for more than 6
months compared with that before the addition of AZA.
AZA had no effect on two patients in this group.

The relationship among the clinical efficacy of AZA, its
dosage and plasma concentrations were investigated (Table
5, Fig. 1). There were no statistically meaningful differences
between the average dosage and the clinical efficacy of
AZA. We also found no statistical differences between the
average plasma concentrations of AZA and its efficacy.

3.2. Side effects of AZA

Among the 37 subjects, we investigated renal impair-
ments, particularly the formation of renal calculi, in 28
patients. A daily dosage of AZA at the examinations was
10.0 = 4.1 mg/kg, and the plasma concentration of AZA

Table 2
Clinical effects of acetazolamide on each type of epilepsies

was 5.9 £ 3.2 pg/ml. No kidney stones were observed in
these patients on a plain abdominal radiography. Two
were suspected of having renal calculi on a renal ultrasono-
graphy. However, an IVP performed on these two patients
failed to confirm the presence of any renal calculi.

A male patient had a past history of passing a renal calcu-
fus during antiepileptic treatment using a combination of
anticonvulsants including AZA, when he was 21 years
old. He had been taking AZA for 6 years and 5 months at
the time of the renal calculus passage. The rice-grain sized
stone was composed of calcium phosphate and ammonium
magnesium phosphate. At that time, the administered daily
dose of AZA was 400 mg (10 mg/kg), and its plasma
concentration was 7.0 pg/ml. The patient was being treated
by AZA in addition to VPA, CBZ and PHT.

Other than a transient episode of drowsiness experienced
in some patients immediately after the addition of AZA to
the original combinations of drugs, no clinically significant
adverse effects were recognized. The blood and urinary
biochemical examinations were normal in all of the 28
patients.

4. Discussion

AZA is a carbonic anhydrase inhibitor, which was initi-
ally developed as a diuretic. Its anticonvulsant properties
were incidentally discovered later, and since then, it has
been used as an antiepileptic agent. There are several reports

Classification of epilepsies Seizure frequency

"Long-term remission" Short-term remission® Decreased* No change
Symptomatic localization-related 4 2 8
Cryptogenic localization-related 1 2 1
Cryptogenic or symptomatic generalized 4
Symptomatic generalized 1
Undetermined 1 2 8
Total 4 5 6 22

* Complete remission for more than 3 years.
® Sejzure recurrence after complete remission for at least 6 months.
¢ > 50% decrease in seizure frequency for more than 6 months.
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Table 3
Clinical effects of acetazolamide on each of the seizure types

Classification of Seizure frequency

epileplic seizures

Long-term remission* Short-term remission” Decreased” No change Total*
Simple partial 2 2 1 13 18
Complex partial 2 3 6 17 23
Secondarily generalized 3 2 2 8 15
Myoclonic 1 4 5
Clonic 1 1
Tonic 2 2 8 12
Tonic—lonic 1 4 5
Atonic 1 3 4

* Complete remission for more than 3 years.

® Seizure recurrence after complete remission for at Ieast 6 months.
¢ > 50% decrease in seizure frequencyfor more than 6 months.

4 Two or more seizure types were seen in many of the patients.

which showed the effectiveness of AZA, either used as
monotherapy or as an adjunct, in the treatment of various
types of epilepsies [2,3]. AZA is also reported to be effective
in partial seizures, absence seizures, generalized tonic—
clonic seizures and myoclonic seizures [2,3].

Tolerance, however, develops soon after the administra-
tion of AZA, and thus its efficacy is short-lived [2,3]. This
characteristic of AZA has led to the impression that its
clinical utility in the control of seizures is limited. In
1981, Forsythe et al. [7] reported that the addition of AZA
to a conventional regimen of major anticonvulsants was
effective in the long-term control of seizures in some chil-
dren with grand mal or temporal lobe seizures not respond-
ing to CBZ. It was also reported that AZA, either
administered alone or as a second choice antiepileptic,
had significant effectiveness in controlling seizures with
partial epilepsy in adults and juvenile myoclonic epilepsy
{4.8].

In this study, we investigated the long-term effect of the
administration of AZA on epileptic patients and focused on
the relationship between the plasma concentrations and the
efficacy of AZA. There have been few reports in which the
plasma concentrations were monitored and these relations
were clearly presented.

Table 4

Concerning the types of epilepsies and the seizure types,
there were no statistical differences in the effectiveness of
AZA. However, all of those who obtained complete remis-
sion of seizures for more than 3 years were patients with
symptomatic localization-related epilepsies and only the
patients with partial seizures. This may suggest that AZA
is most effective for localization-related epilepsies and in
treating partial seizures.

We also examined the statistical differences in the effi-
cacy of AZA when it was used with other anticonvulsants.
The combination therapy of CBZ and CZP was more effec-
tive than the other combinations. This is in good harmony
with a tendency that AZA is successful in controlling loca-
lization-related epilepsies or partial seizures,

AZA is thought to have the same effects on the brain as
CO, by way of the inhibition of carbonic anhydraze [2,3].
Convulsions are usually triggered by a decrease of PCQO,
(alkalosis) and suppressed by an increase in PCO, (acido-
sis). The antiepileptic action of AZA is considered to be
produced by the elevation of the cerebral PCO,, which is
mediated by the inhibition of carbonic anhydrase in the
brain, The inhibition of intracellular entry of the sodium
cation (Na%) is also implicated as a possible mechanism
for the protective effect of AZA against seizures. However,

Clinical effects of acetazolamide and other antiepileptic drugs combined with acetazolamide

Drugs combined with Seizure frequency

acetazolamide
Long-term remission" Short-term remission” Decreased® No change
VPA + CBZ 1 4
VPA + CZP 1
CBZ + CZP 2 3 1 2
VPA + CBZ + CZP 1 2 5 15
Total 4 5 6 22

* Complete remission for more than 3 years.
b Seizure recurrence after complete remission for at least 6 months.
¢ > 50% decrease in seizure frequency for more than 6 months.
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Table §
Clinical effects, dosage and plasma levels of acetazolamide

Seizure frequency Daily dosage {mg/kg) Plasma levels (g/ml}

Long-term remission® 8.2 x 1.0 11.0%87
Short-term remission®  13.0 £ 2.3 64x37
Decreased® 9220 73+16
No change 128+38 4729

* Complete remission for more than 3 years.
b Seizure recurrence afier complete remission for at least 6 months.
¢ > 50% decrease in seizure frequency for more than 6 months.

the pharmacological actions of AZA do not seem to be
simpty related directly to its plasma concentration [2,3].
In this study, we found no significant differences in the
plasma concentrations of AZA between patients in whom
AZA was effective and those who did not respond to this
medication.

There were no significant differences in the plasma
concentrations of VPA, CBZ and CZP before and after the
addition of AZA. AZA neither enhances nor inhibits the
metabolism of concomitantly administered anticonvulsants
because AZA is not metabolized in the liver.

AZA has been reported to have several side effects [2-
4,7,8). Among the side effects, we mainly focused on the
renal calculi. A high incidence of renal calculi was reported
in patients with juvenile myocclonic epilepsy treated with
AZA [4]. Fortunately, the incidence of kidney stones and
other serious adverse effects due to AZA have been rarely
reported in the pediatric population. Thus, the drug may be
considered to be useful as an adjunct in controlling seizures
in children who are unresponsive to prevalent antiepileptic
drug regimens [9]. In most of our patients, the administra-
tion of AZA was begun during childhood. Examinations
performed between 10 months and 14 years and 8 months
(mean, 6 years and 5 months) after the introduction of the
AZA therapy did not show renal stones in any of our 28
patients. Only one patient had a history of passing a stone at
the age of 21 while he was taking AZA. We found no other
serious side effects due to AZA.

As to the tolerance of AZA, there have been several
reports on this drug’s tolerance [2,3]. We do not deny the
fact that AZA tends to be used less because of its early
appearance of tolerance. However, our study showed a
possibility of the long-term effectiveness on some groups
of epileptic patients.

In conclusion, although AZA is considered to be a clas-
sical antiepileptic drug, our findings indicate that AZA is
useful in selected patients with refractory epilepsies, espe-
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Fig. 1. Clinical effects and plasma levels of acetazolamide. (A) Complete
remission for more than 3 years. (B) Seizure recurrence afier complete
remission for at least 6 months. (C) >50% decrease in seizure frequency
for more than 6 months. (D) No change in seizure frequency.

cially those with localization-related epilepsies or with
partial seizures.

Qur study was based on 37 patients. The sample size was
relatively small and the statistical analysis was limited. A
double-blind, placebo-control study which includes more
cases is expected to be presented.
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Complex : Complex partial seizure, Second. GTC : Sec

ondarily generalized seizure

1=k b ZNS oftEARAE X h, e AR L
T, FOMFREFETTHIZ, Mmoo H %)
£ S QRO RE/RBRPRELL ERT DL
Zibha, LirL, ZOAICH LT, Aok
RS NERor. Ty b EE bTRINS DR
sEHFA— T VA, B MCBWT CBZ idfto I 71
= L5HICdH B F b 7 0 — 4 P450 (cytochrome P

450, CYP) T8 = 1, 205 F18 CYP3A4 T{UAS
N5 ZNS OB ERET D",

—%, BB OEHOS T, FDHK INS E#HE L
L, CBZ Bii&Ht & LAt ZNS PrAFF & ZNS k%
¢, SRETE & CBZ Ol iRiE A B A CRERE"
V2R EIR S 4 WERIO) CBZ % & UFIZ CBZE O ML
M fbid e ¢, ZNS 2F CBZ MR EIT 5 XY
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P v E Dbhse ZNS @, P Co{CaaEiis
MIERRmeh Ty, HiAiZ, CBZIRCBZE
AL s s ik, REER(CEAD 10, 11-dihydroxycarba-
mazepine {2 {$# XN 5 A%, CBZ-E (IEHZAMIZIHTE
T, b PTERRTAPABRIIHAL TR R VA, IR
G, RH2ELREORIERORBUZBRST 5™,

i, BRMINSIKHRL, TokEAGRHELL
CBZ i1, 1 AFS 2@DGERE LAY, PIREH 408
[ & SR M o M ROk, ZNS O HHAD &S
JRERmMApEELE D RKEw (£3,4). LT,
ZNSI1 B 1EMEETL, ARNOLPRENED
%, CBZW1BA20MEEOEEHI b Lo (HHFTE
5.

F 7z, INS BRI B LA RENEETA
PAGERIZNT S CBZ OEEHER, CBZ 2 H#H
HEEEoEFATREFE2CIRIE R, R ER
DEFI TR BREOTTA BB CHo . TORE
BERIZOOTE, K ERDTHEETETETHD.

# R

ZNS kR E oM EERIC 2T, MeDik
FIZ2V T OrDEEHALNDN, wWIEETL
Fo AL —Fid kv, SHOWEITTIE, ZNS
I2CBZ #{FM+2 L INSHABEIHSIETT
AH, ZNSHCBZ MAREEIE X ITT R8I kvt
Bhiti, SO, BETERT, WA
AEE, TARNETREGEELS.

AT, R 6EETE SN TR LAELIHE
[BECTADPADEHEBERRBHETANE] o—RELT
fTo1-.
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Hisao Miura

2L &I

FHID L 31z, 7AY AT 40 EHE LT 6
Fe#ET (clinical pharmacology) & V:bits5}
iR 0, EMOEAENTOME (pharmaco-
Kinetics) ZMspicL, %iz, ZTOMRKIICH
EROE AT 5 %A% (pharmaco-
dynamics) & XERFEOFRBLLERT, ]
B} 2 EOER L B DWTHIR T 2 FMS
BELTWVAH, &5, BMARHRLE LIEIRE
sl REKENOEEESRE T 2REK
O b L REIEEY (developmental phar-
macology) & LU, ZOFEFMWNEEFDRNT

Emasiiz 59 00H 5,
L, SEHTADAER ST ZORMY
OHERRRENEHROBESCE), MWTADA

FWOEREESNIEORITE, MTALAEY
Fik—ioESE b5 L, WE TR OXERE
wHWT, BARFOLO LY b MAPEEEET
2R, MTALATENREELD (A%
B fTwd 32 EBHALMICR o T.

LdL, TRTOMTALAZEC DO TEERE
EAAEEAS A CAS N TwAbT TR,
PO REEMEN T — s RnEZZ L, BHE
Mo TOLHMAT, MREMRKINTARA
YRR R REICITD 9 A TRELR, FTRTA
PATEOMETE L O EHE, NS HER,
e s, M E (AR AR thera
peutic range) ¥k UhiihREE, TRCE
%5,

® JRERLE LEEERTASAENERRSIE, HGHEL
e, HHmAPEES S UPENPRE

TG EaRaltE | ABEE | MRS BHmReE | PEMFIRE
(%) (1/kg) (B50S)) (ng/ml) (eg/mi)
phenytoin 85~90 0.5~0.8 10~20*! 5~20 >20~25
phenobarbital 40~60 0.7~1 40~70 15~~25(40) >40~50
primidone {0} ~30 0.6 9 5~-12%2 >15
carbamazepine 70~80 0.8~1.4 8~20 (4)6~19 >156
ethosuximide none 0.7 30 40~100 >150
sodium valproate 85~95 0.15~0.4 | 8~12(15) 50~100 —
nitrazepam 557 85~90 2.4 20~30 — —
clonazepam 85~-30 2.5 24~48 0.02~0.07 >0.08
clobazam 85~190 0.9 10~30 0.05~0.3"* —
zonisamide 50 0.94 60 15~40 >40
acetazolamide 90 0.2 10~15% §~14 -—

o, MRS S BA D, *F primidone IR O phenobarbital NFRELERD
- ¥, * EMILHA N-desmethyiclobazam VIR rmARECBEODCL,

* LEAREFEAAE  (7228-8555 FEEEmALE 1-15-1)
TEL 042-778-8111 FAX 042-778-9726 E-mail . miura @med kitasato-u.ac.jp
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|, B EOREE & R A

B bl O S 21T 3 M T AP AZEDT
BEE B kUM OFHIE, Stko R
LR SBE 2 E, BAEHNKE (steady
state) TITH. EEREL L, FEHSIZLDE
MO, P, R TR PRnNEL
HEEH b, IREMBEIOTEHKBIIETLO
wET AN, RS5RHEET hEhOFEHON
ek (A a2k biological half-life)
BIF & LS, Bl s fErvbhd, F1
i, Moo O ESR—RHEERE (first order
kinetics) # & D, Li-di->TmmEEiisiic—
T H 5O MR E IR I E S,
25 “5 half-lives rule” ZEIRBNERET,

& 7-, TEREICE- R LEDOMmMPNT L
ARTERL, ZREMREHELITINENR,
U CHFLE L b O Cill e o HEE
FhptkEiy, LissiaT, 0L 2EYTE.
Ay (GRFYImEE) REEHLT PR, R
5500, 12506 L ARmAER & ORI R
ETELENLESL,

b, Eflicbz D RTALAERIERS
L, ZOMR2misEm s O FfET 25 EI0E,
IR AT IR L 72 B AN O RS M i E
(trough or minimum level) #3EHE L3 2 DHR
BTHsd, ZOFFRIC TSR A v oM

1.00=Css

1
tuzityzityz

TEQEARE L VR, e L THRRH EHMER
Y AEE, BFEOERE —BICHRTR
EMmtiEE (peak or maximum level) (2L
AR 2~4 BERTCHRM T 5 2 £ AT VS, BRES
vz, oS TRmAELEORIAKEL,
et s b 500, MPRENHEEER
WIS 20, TTRTERGRIISHSZDHEY]
WoE LBaw, wihed k, ERETE
AR OTMmAEE, %6 U £ ORI mi
FEOZERILIZIE—E LU 5,

I, R s EERIETEERT

T ADAEDFREOTEROBNE, TAPA
it 2 RPN ERRAL ORI = —E R
DI EiH D, AP AR & PR
ek s L RERCOPRELZTFMT 625 K
g5 £ D ESKECTEAE, ENORANrS
O — IR SR T o), FURE—
FOMRTIRET S L, £ERNTOIEMREND
L—EORIMTHET 2 REBIZL D,

Z s, MENEEORIEORR A L RIEAD
EHyMm iR (Ce) BIRER (D), FMER
(volume of distribution : Vo), HEVIDEEM S
DLERrE s (elimination rtate constant !
Ko), 50 (2), RINE (EWFRIVIBHE
bioavailability : F) Z#F &4, REHKD AL
a

PO TIRSEB Y LG R0 38
r L3 E,
B : BOTHRESMBErNFEEPeEFL
(LB E,
CIEBRBRAIRELBE 15 haf-
lives TEEHEQM S RE (C)
D 96.9%IET B,

#) REMELECS TR, BOu
ER-LVERTLHEREAKRET
&, BLEHmMGRE (Cw) HE5
L na,

M

1 BEis5ic &) EMnREAE RRECE DS
(Behrman RE, et al (eds} - Nelson Textbook of Pediatrics, 13th ed, WB Saunders, p 233, 1987)
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e TEALE:

LiztioT, BARMPiRE (Co) 2H20DD
185813 D=Cey » Ker * Vu » o/F TREN DY,
Kot & UHE Vaid & D RS 1 5 BN
AENBD, L cdhl 5T ABBHEDIE
BB IS U T OMAL, FEHESKE L, SHF
e, BEEmsrheE & E—RE T
AT B ALT EOERBOFHTH DA, hR
1438 U T O T L0z tE - TEY O
FEESEALT B, FHEE &  CEmMAHEH
OENE (N RRBRREEN L TENOLRE
meDOWEEREOFHEEREbYELD, L2L,
WELNETHTEEANTWLIRT Aot AZEIZKER
SFTRMEN, AEE»SHHESAIHEE
Lo T, FEENERDE, THEEORIME
PO RS ELIT BRI e, 6T,
OIS & ORI B L Tid, FLIBHILARE S
RS TREVELDR TV,

. HTA>AZEDEREE

FRD L 3w, HTAD»ABERIXKESHHTHR
#a s, ARCBOLTERRERIC L > TEY
OftEEEE SR D, EhofhERE, fE
BEAOTINEES, AT AL TEY,
Li93-T, FERMOMMERDE, FUiid
PRS2 Tz, EA b O VBRI
DOBRSEENELLETHS,

Zonisamide (ZNS) BISED 6 OBUILHE S,
mpEEnsEvsY, 181 B0RETY, BA
DM R —E R 68, FHlZEH
#lT1H 1 FRARONSEEDEHRNEILE,
2R t. ZNSik1 AE 2mg/kg»oNA, 1
FAZ L fE LT, 8Smg/kg/AEVIEESEL
1=, MR OEERETRECTY, KOEH
ATHEIES & URERE & 72 5 SIRIEERT & iRE
1% 4 BRI TT o 2o bt, B{BIEE S & URE
B TR R MRRE (vg/m) /5 (mg/
kg/H) « iz, W bESZLOREEMER
T

— WA NAMTADAEDE LTI, &

AERE Vol M
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100

n=72
80 0654 p<0.001

20p, (BERE)

bt
=
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he)
~
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E
-
Iih
%3 10.0
E
~
o
2
i
-
#+
A=|

— |

o 3 6 9 12 15

n=72 .

80T r.0.590 p< 0.00%

6.0

4.0 - .
A

'
20 * Ot mERD

v} 3 (l'": 9 112 15
%8 ()

2 H§5 L zonisamide MM IBES
BSE - LEoBE

23 5 R L mhEEORCEEMREE LN D
#3, phenytoin (PHT) i3¥f kMBI (Mi-
chaelis-Menten kinetics) ¥T$. T&bbH, H#
FROEMAT, AL i—E0RSR, —EOM
o e RS L 5 Ih RS ER L, NS
RoOTEROMIM Ve ASuz iR REN ERL
T, BHRChHRECESEHREDH L,

% 57, sodium valproate (VPA : T

~ valproic acid & LCEETS) iXEIpigEcdh

5 SREOSSLENSRL, BREOEYRE
OEHSHIINL, a7 V7 7 AL
T, BEREMPEEOBRMELRII TR <5,

HTADAEOOPRE L, AREEQES
R IR GEER) EvRELSbefm
HEE R I, EECRES LESSETEE
+ 2 EEY O A HSH & 8 U C R % FE
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T3, COBEHBSHR AL TR, OEEGE
OFESIEENELHERHOME LRI, TR
fERREWERbMLD,

V. FimrRREOXRBENEE

FmhEE (EHLFEE optimum range
H ZOITAHHREE therapeutic range) &id, &
FiAZ OEC L O TADATEELNH T 28
vmREO TR, S, PIERAERUGE TO
BELTERT S, TLT, EoRLzES3, —
iz PHT oBRhRHF#EEE 5~20 xg/m!, pheno-
barbital (PB} OH B E 12 15~25(40) ug/m!
EVSHBEITE, JHBEREBOERICBELT,
hEEREED Z 2 L, eI o F
EHEEOERREUENTETHD, LHITEHH
BB LTOHEHLEET,.

Licdto T, AL OFEMc oW THEE, S
Bz s Fic i, ROTLES
DBEDOEMOAYMTEEOTRE D E 50K
ERETRIELTR2CIHEN 2 DL,
heaTciRZTAM LRSI ERL, mHEs
EFBRER N,

— %, B¥mPREo ERUE, bt
FEREBTZRE-S>TH, RBREESMTEnL
WHDbAONZH, TOERIRMNERFERIICH
LEGEPHT2EYMBERSNW T WA S EH
BET 2 L8NS S, HALSEEA TR R,
MAPERERENRIF Y EH LT, SREERHR
ahizv, Ll, BIGEYERENATHLTS,
% OEIBRICBR T A2098HD, ThbOE
MRERTIE, mMPBREE= s ) iz L DEDY
s [HDEE] CfioEE, Yhigl
FEIEHNE 2 N B IEL OERIC L DR 5,

V. RiTA»AEROHEEFRHE
HEYEDNPRENEDNER

2EU O TALAE RST8], W
FHEOHENFR (interaction) MMz 5, ¥l
TAPAELOREMFERIIILAETXTHHFT
OftHhER I b 3 DT, RO microsome 43
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iz BiF 2ReF S cytochrome P450 £EEIEL,
A DM A {EEL TP T R ET s 5—
7, RBRESEORBM LR T 22 LTI
flahs bmPiREsERET 3,

k2, BoRL{ RSN TS carbamaze-
pine (CBZ), VPA, clonazepam (CZP) iZ,
POTOEBRTCALAETSHZ PHT, PBH5
Vi3 primidone B ¥ 2 &, HEERAICEOIF
TORBH{EHE S T CBZ, VPA, CZP oid
BERWThL, ThTAOERESEICHE~,
e BliEnd,. £, CBZ U bFTORE:
FEAMNH Y, FRMOMPRELET ¥
Lo

—%, CBZ iz FEHEROR | XM &
LT epoxy 1t&Y. T7b® carbamazepine-19,
11-epoxide (CBZ-epoxide) #SHI&N T2,
CBZ iz VPA #{ftf¥ 2 &, CBZ OmMA#ELIFE
{LLAvans, =@ CBZ-epoxide MM iBEEL LR
T2, CBZ-epoxide IFEEBFRNIENT, L TA
PATERIIBRS M Tk veds, K, Lb6DE4k
FOPIERORRCEET 5,

VPA £ CBZMNHEFRAR &S ST,
VPA i2 CBZ #z & UFic CBZ-epoxide L EQES
wELTiEL, CBZ i VPA ¥6fHIT5 L, &
Mg+ 2 8580 CBZ % o Ui CBZ-
epoxide M E DTS+, £/, VPA R
PHT b EAHFEAKMLTERL, WEEHAT
% xR PHT mA g otFE 87,

Sz bk, LT AL ASEDMHRE & i,
&) REARAR EIEEE FRR) EYR
ExrEbtiBNTRE vy, nPREOE=
Y v7h, BEREAESHENEREFhOSE
MITHIE—ETH 3 I L 2HRIC, BOPREC
S2BT{Thhs, Lnrl, EVOEFEDRLT =
F—$23LTC, ROTBERXWET LD,
EOERYPHE TS, BEALEES LT WIEREIEY
MELZMETSIEIHNLIVETNNTHS,

CBZ ix VPA ¥#ffi+ 5 £, CBZ oOlffRiinp
mEEOHEIEML, &5i2 CBZ-epoxide DAL
hERERERT ZOKMA, £ ORMPRICN
TARRBMPEEORELRMTS (FI). =
Oz, RGBT, & <& CBZ-epoxide
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