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Summary: We compared zonisamide monotherapy (12 weeks)
to carbamazepine monotherapy (12 weeks) after phenytoin
baseline monotherapy (8 weeks) in an open crossover pilot
study of eight adults with uncontrolled partial seizures. Zoni-
samide had definite antiepileptic activity in five subjects. In
two of these, response to zonisamide was superior to that to
either phenytoin or carbamazepine. A third subject became
seizure free on zonisamide, but had to be withdrawn after l8
days because of mild Stevens-Johnson syndrome. The other
three subjects were withdrawn from the studv because of drug

toxicity, manifested mainly by impaired higher mental function
and increased seizures. The best response to zonisamide was
at doses approximating 6 mg/kgiday, with plasma levels of 2L
30 mg/L. Plasma levels of >30 mg/L usually were associated
with toxicity. The pharmacokinetics of zonisamide are complex
and nonlinear, with steady-state plasma levels being approxi-
mately three times higher than those predicted from a single-
dose study. Key Words: AD-8IO-CI-9I2--Clinical trial-
Epilepsy-Partial seizures-Zonisamide.

Epilepsy is a common chronic neurological disorder
affecting -l%a of the population.'ln most patients, sei-
zures are controlled with currently available medica-
tions, but a substantial minority of patients does not
benefit from standard medical treatment or does so only
at the price of disabling drug toxicity. Thus there is a
need for new, more effective, and less toxic antiepileptic
drugs (Porter, 1983).

Zonisamide [3-sulfamoylmethy l - l, 2 -benzisoxazole (AD-
810 or CI-912)l is a new experimentai antiepileptic agent

developed by Dainippon Pharmaceutical Co. and being
evaluated by Warner Lambert Co. in the United States.
It is chemically distinct from the commonly used anti-
epileptic agents. Its antiepileptic spectrum in rodents
resembles closely that of phenytoin, and it is most effec-
tive against seizures arising in the cerebral cortex (Ito et
a1., 1980; Masuda et al., 1980: Kamei et al., l98l). A
particulady promising aspect of the animal pharmacol-
ogy of zonisamide is that the drue's therapeutic index is
quite high in rodents, with antrcprlcpric activity mani-
fested at plasma concentratlons of l0 mg/L, whereas
toxicity is not observed until lercl' ..7O mgL are reached
(Masuda et al.. 1979).
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Zoni53.i6. is adequately absorbed and has a long
plasnra half-life, -60 h in normal subjects and 2'7 h
in parients (Ito et al., 1982; Matsumoto et al., 1983;
Wilensky et al., 1984). However, its disposition is
complicated by saturable binding to erytkocytes, prob-
ably to carbonic anhydrase (Maren et al., 1960), and
observations on plasma and erythrocyte concentrations of
zonisamide after single doses cannot be extrapo-
lated to the multiple-dose situation (Wilensky et al.,
r984).

Zonisamide was studied as a single medication in a
group of adult epileptics whose seizures were uncon-
trolled by conventional medications. The study design
chosen (see Patients and Methods) is a severe test of a
new antiepileptic agent; only drugs with efficacy com-
parabie to phenytoin and carbamazepine will perform
favorably when tested in this way (Wilensky and Oje-
mann, 1980). The purpose of this pilot study was to
make a rapid preliminary assessment of the antiepileptic
efficacy, toxicity, and safety of zonisamide, uncompli-
cated by drug interactions, and to test the feasibility of
a large double-blind study of zonisamide using the same
design. The subsidiary goals of the study were to learn
whether the provisional therapeutic range of zonisamide
plasma levels ( 10-70 mgi L) found in animal experiments
could be extrapolated to humans and to compare the
pharmacokinetic behavior of zonisamide after chronic
dosing to that observed after single doses.
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PATIENTS AND METHODS

Subjects receiving stable phenytoin monotherapy were
followed initially for an 8-week baseline. Two l2-week
blocks (the first l0 days in the hospital for drug cross-
over), first receiving zonisamide then receiving carba-
mazepine or vice versa, then followed. At the end of the
second drug treatment period, subject and physician re-
viewed the study records and made a joint decision of
drug preference. Subjects continued to receive the pre-
ferred drug during the 8-week follow-up period.

Subjects
Eight ambulatory adult epileptic patients entered the

study (Table l). Each had four or more partial seizures
per month, with or without secondary generalization,
despite therapeutic plasma levels of phenytoin. The re-
vised International Classification of Seizures was used
(Dreifuss et al., 1981). Each patient had previously re-
ceived extensive trials of standard antiepileptic medica-
tions. Wornen were of nonchildbearing potential. Informed
consent was obtained according to the regulations of the

University of Washington.

Study schedule
The study schedule is detailed in Table 2. Subjects

were seen in the outpatient clinic of the University of
Washington Epilepsy Center for clinical and laboratory
evaluations and were hospitalized on the Center In-Pa-
tient Unit for drug crossover. In addition, subjects were
contacted by telephone during the interval between hos-
pital discharge and the next (thkd week) clinic visit, as

a safety precaution. Provisions for emergency contact
with physicians, clinic visits, and hospitalizations were

ZONISAMIDE IN EPILEPSY

TABLE l. Subject characreristics

explained in written instructions given to the subjects at

the time they entered the study.

Laboratory tests
Plasma levels of phenytoin and carbamazepine were

analyzed by high-performance liquid chromatography
(Sawchuck and Cartier, 1980, 1982). Plasma and eryth-
rocyte levels of zonisamide were also analyzed by high-
performance liquid chromatography (Ito et dl., 1982).
Spiked control samples were processed along with each

analytical analysis. The day-today coefficient of variation
(CV) was 47o for phenytoin at a concentration of 14.0

mg/L and 57o for carbamazepine at a concentration of
6.9 mg/L (n = 53 for each compound). The CV for
zonisamide in plasma was 3Vo at a concentration of 2.0
mg/L (n = 12) and 4Vo ata concentration of 15.0 mg/L
(n = l7). The CV for zonisamide in erythrocytes was

EVo al a concentration of 22.5 mg/L (n = l1). Recovery
relative to spiked concentration for zonisamide was l0o7o

in plasma and 9OVo in erythrocytes. The lower limits of
detection for zonisamide were 0.2 mglL in plasma and

0.5 mg/L in erythrocytes. Whole blood concentrations
of zonisamide were calculated using the following equa-
tion: blood concentration = [(l - hematocrit) x plasma

concentrationl + (hematocrit x e1ylu*r," concentra-
tion).

At the end of each drug period, a complete neuropsy-
chological evaluation, the Neuropsychological Battery
for Epilepsy, was administered (Dodrill, 1978). To eval-
uate emotional and psychosocial functioning, the Min-
nesota Multiphasic Personality Inventory and the
Washington Psychosocial Seizure Inventory were given
(Dodrill et al., 1980).
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PatienVage (yr)isex Presumed etiology Seizure rype: EEG (age in yr at onset)

y45tF

v30t]|/I

3.t48lF

4/50tF

5.t32lM

6.t36tF

7tl8tM

8,t36tF

Fcbrile seizurc at 9 mo; head injury
at ll yr

Unknown

?Meningitis

Unknown

Unknown

Unknown

?Premature binh

Near drowning at 15 yr

CPS; left temporal epileptiform discharges (29)

CPS, SG; moderate diffuse disrurbance of
brain function with temporal epileptiform
discharges ( I )

CPS, SG; multifocal teft-sided epileptiforin
discharges (3)

SPS, CPS; right frontal and temporal
epileptiform discharges (28)

SPS, CPS, SG; midline and left frontal
epileptiform discharges (< l)

CPS; slight diffuse disturbance of brain
function (27)

SPS, CPS, GTC; left frontal and temporal
epileptiform dischrges (9)

CPS, SG; slight diffuse disturbance of brain
tunction (15)

CPS, complex partial seizures; SG, secondariiy generalized; SPS, simple partial seizures; GTC, generalized tonic-
clonic.

.Withdrcw from srudy during first mo of zonisamide adminishation.
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TABLE 2, Overall study schedule

Baseline
1wk)

.8
Hospital crossover

( l0 days)

Treatment penod I
(*k)

34681012
Hospital crossover

( l0 days)

Treatment period II
1wk)

346810124

Follow-up
(wk)

xx x xx xxxxxxxx x

xxxxxx xxxxxxx xxx x x xxxxxxx xxxxxxx xxxxxxx xxxxxxxx xxxx
x
x

x
x

x
x

x
x

x
x
x

xx x xxxxxxx
xxxxxxxxxxxxxx x xxxxxxxxxxxxxxxxxxxxxxxxxxx

x
x

x
x

x
x
x
x
x
x
x
x
x
x

Physical examination
Brief neurological

examination
Vital signs
Symptoms
Seizure calendar
Hematology
Blood chemisry
Urinalysis
Drug plasma levels
Electrocardiogram
Electroencephalogram
Neuropsychological

examination

Daily
Daily
Daily
x
x
x

Daily

Daily
Daily
Daily
x
x
x

Daily

Drug administration
Phenytoin was dispensed in standard 100-mg capsules

(Parke-Davis), carbamazepine in standard 200-mg tab-
lets (Geigy), and zonisamide in 100-mg capsules pre-
pared by Warner LamberUParke-Davis, Drugs were
administered b.i.d. Based on data from our single-dose
study of zonisamide (Wilensky et al., 1984) and previous
experience with phenytoin and carbamazepine, the esti-
mated dose equivalency for the three medications at the

beginning of the study was 100 mg of phenytoin = 200
mg of carbamazepine = 200 mg of zonisamide. Doses
were adjusted as necessary to minimize toxicity and
maximize seizure control.

Treatment orders were phenytoin, zonisamide, and

carbamazepine for patients l, 2, 3, and 5 and phenytoin,
carbamazepine, and zonisamide for patients 4,6,7, and
8.

RESULTS

Clinicel course
Four subjects completed the study, and four were with-

drawn before completion for various reasons. Table 3

outlines the clinical course of each subject during the
study.

Of the four subjects completing the study, two (sub-
jects I and 2) had the best overall response to carba-
mazepine, an intermediate response to zonisamide, and

the poorest response during phenytoin baseline. The re-
maining two (subjects 4 and 7) responded best to zoni-
samide and have continued to receive it since the study
was completed.

Side effects
Mild toxicity occurred in three of the eight subjects

while they were taking phenytoin and in four of the six
who received carbamazepine; however, toxicity was a

Epilepsia, vol. ?6, No. J, 1965

major problem with zonisamide (Tirble 4). The side effects
of zonisamide appeared to be largely dose related,
increasing when plasma levels exceeded 30 mg/L (Table
4\.

Neuropsychology
Table 5 summarizes the results of neuropsychological

testing for the four patients who completed the study.
All four patients had higher Verbal IQ scores and higher
Full Scale IQ scores while receiving carbamazepine than
while receiving zonisamide, with statisticd significance
achieved despite the small number of observations. There
was a similar trend for poorer performance with zoni-
samide on Performance IQ and Halstead Impairment
Index scores. These findings, although clearly prelimi-
nary, suggest that zonisamide, at the doses and high
plasma levels attained in this study, may be associated
with decreased mental skills.

Drug doses and levels
Figure I illustrates the accumulation of zonisamide in

plasma and red blood cells on initiation of &ug treatment
in subject 7. Equivalent doses of the three antiepileptic
agents used in this study were originally predicted to be
in the ratio of 100 mg of phenytoin to 200 mg of car-
bamazepine to 200 mg of zonisamide; however, for sub-
jects completirU the study, they were 100 mg of phenyoin
to 296 mg of carbamazepine to 141 mg of zonisamide
(Table 6). Our cautious approach, designed to minimize
side effects in initial administration of carbamazepine,
probably accounts for the underestimation in carbama-
zepine dosage. More striking was the overestimation of
required zonisamide dosage. Dosages of 500 mg/day
were expected to result in plasma levels of -9 mg/L,
yet a mean dose of 475 mglday (7,0 mg/kg) resulted in
a mean plasma level of 32 mglL. For example, subject
7 (Fig. 1) achieved this level with a dose of only 400
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TABLE 3. Clinical course during stud"-

215

Mean monthly seizure frequencies6

Subjegtr Seizure type On PHT On ZNA On CBZ Clinical details

cPs 20

17.5
8,5

l5
2

28

3

8.5
I
25

l6

9

11.3
I

>60
6

5.7

t2.7
0.7

>21
2.3

SPS

CPS

CPS
SG

CPS
SC

SPS

CPS
SC

CPS

1.7
8.3

Initial ZNA dose 600 mg/day raised to 800 mg/day ar l0 days.
Increasing toxicity at 4 wk (level 40 mgl); toxicity eased
with decrease in dose. CBZ prefened because of fewer
seizures

ZNA at 500 mg/day (level 33 mg/L) produced some toxicity.
Seizures were fewer than on PHT with both ZNA and CBZ.
CBZ prefened because of fewer side effects

ZNA at 600 mg/day (level 37 mglL) produced mild roxicity and
increased seizures. At 700 mglday (level 50 mgll), seizure
incidence continued increased and toxicity was severe.
Dropped from study. PHT restarted; toxicity cleared

Initial toxicity with high dose of ZNA on days I (1,200 mg, a
medication error) and 2 (600 mg); cleared with lower dose.
Levets 20-10 mg,/L at 400 mg/day. Continued on ZNA
because of fe*er seizures

ZNA at 800 mg/day (level 33 mg/L) associated with toxiciry and
increased panial seizures. At 400 mgtday (level l9 mgil-)
toxicity and partiai seizures cleared but GTC occurred
excessively. Subject withdrawn ftom study and ptaced on CBZ

ZNA at 5@ mg/day produced mild toxiciry bur seizures
controlled. Toxiciry cleared at 400 mgiday. On day l8 an
allergic reactron tmild Stevens-Johnson) occurred. ZNA
stopped and CBZ restarted. Allergic symptoms cleared but
seizures recurred.

ZNA ar 400 mg day (level 2'7-31 mglL) produced best seizure
control. Mild initial side effects cleared spontaneously.
Continued on ZNA

ZNA at,100 mg.day'(level 35 mg/L) associated with toxicity and
increased seizures. Toxicity improved but seizures, especially
GTC. contrnue d increased with lower ZNA dose (level 24-t8
mg/L). SuL,..r withdrawn from study and placed on CBZ

&
I

5

18

SPS

CPS
SG
CPS
SC

7.7
5

0

Many
>10

5
t5.7
0
2.3
0

1

8.5
1 .,s

0
I

PHT, phenytoin; ZNA, zonisamider CBZ. carbamazepinel CPS, compiex panrl \eizuresl SC, secondanlv generalized; SPS, simple
partial seizures; CTC, generalized tonic,c lcn rc.

See Table 4 for details of roricrty.
"Drug order: PHT, zNA, and CBZ for subjects I-3 and 5; PHT, cBZ, and zN{ tbr subjects 4 and 6-g.
,One mo was defined as 28 days.

mgiday. Thus, as shown in Figure 2, observed steady-
state plasma levels of zonisamide were on the order of
three times those predicted, based on our single-dose
study (Wilensky et al., 1984). Figure 3 depicts observed
erythrocyte concentrations compared with those extrap-

olated from the single-dose study. The observed steady-
state concentrations are lower than those predicted. This
is consistent with saturation of erytkocyte binding of
zonisamide at therapeutic concentrations (Ito et al., 1982;
Wilensky et al.. 1984). Finaily, Figure 4 shows observed

TABLE 4. Dose-related toxicin of zonisamide

Subject
Dose

(mgiday) Plasma level (mg/L) Toxic effects

I 600
2 500
3 700, 500

4 1,200/600

5 800
6 500
14C0

I 400

1+

1-1

5|. tl,

le.

\ ol r.ltrne
]I

t<

Anomia, increased speech slumng
Speech slowed, decreased short-term memory
Mental slowing, moderate ataxia. dysarthria, lethargy, increased

seizure frequency (?)
At start of crossover to zonisamide nausea, vomiting, perseveration

in speech and writing. slo*ness. Cleared at 300 mg/day
Dizziness. lethargy. mental .iox rng
Mental slowing, inability to concenrrate and add a bowling score card
Speech slowed. decreased activitv: tended to improve with time

without a change in dose or plasma level
Dysphasiar, difficulty in concentraring. mental slowness

"Not at steady-state.

'Possibly a postictal effecr

Epilepsia, Vol. 26. No. 3 t985
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TABLE 5. Comparison of carbamazepine and zonisamide on sumtnam
measures of performance

Carbamazepine

Mean SD

Zonisamide

Test variable Mean SD Significance

WAIS Verbal IQ
WAIS Performance IQ
WAIS Full Scale IQ
Halstead Impairment Index
MMPI average profile elevation
WPSI overall psychosocial function

19.88 p < 0.05
25.00 NS
22.7'7 p < 0.01
0.42 NS
10.15 NS
14,66 NS

98.50 21.24
103.25 21.61
100.00 22.76

0.38 0.21
60.83 r0.91
17.00 t5.47

93.00
99.25
95.75
0.60

59.56
19.'75

WAIS, Wechsler Adult Inteltigence Scales; MMPI, Minnesota Multiphasic Personaliry Inven-
tory; WPSI. Washington Psychosocial Seizure inventory.

60

50

ol
L40

z
N30

Days

TABLE 6. Final drug doses and
concentrations

FlG. 1. Plasma and erythrocyte concen-
trations of zonisamide (ZNA) for subject 7
during administration of ZNA, 400 mg/day.
Note the prolonged time (2-3 weeks) to reach
steady-state plasma concentrations. RBC, red
blood cell.

vs. predicted whole blood steady-state levels of zonrsam-
ide. Here there is reasonable agreement; further study is

needed to determine whether this represents a true prop-
erty of the drug-i.e., Iinear kinetics in blood---or merely
a fortuitous combination of opposing effects.

The plasma levels of phenytoin rn thrs study (19.9 + 4. i
mg/L) were at the upper end of its therapeutic range,
which is consistent with the patients' highly refractory
seizures (Table 6). Carbamazepine levels (8.3 + 0.6
mg/L) were in midtherapeutic range (Table 6). A pro-
visional therapeutic range for zonisamide might be 20-
30 mg/L. The upper limit of 30 mg/L is supported by

the increasing frequency of adverse speech and cognitive
effects observed at levels of >30 mg/L (Table 4). tt is

probable that poorer neuropsychological performance seen

at a mean zonisamide level of 32 mglL is dose reiated
and that better performance would have been achieved
at iower levels. The lower limit of the provisional ther-
apeutic range is not so clearly defined. However, patients

5 and 8 had increases in generalized tonicoclonic seizure
frequency at levels of --20 mg/L or slightly below.

Drug Mean" + SEM

Phenytoin
Dose (mgiday)
Dose (mgrkg/day)
Plasma level, (mg/L)

Zonisamide
Dose (mdday)
Dose (mg,&g/day)
Plasma level'(mg/L.)
Erythrocyte levelD (mg/L)

Carbamazepine
Dose (mgiday)
Dose (mg/kdday)
Plasma level' (mg/L)

338 + 32
5.1 * 0.6

19.9 + 4.1

4'75 + 48
7.0 + 0.7

32.0 + 0.9
62.4 + 6.9

1000 + 82
l5.l * 2.2
8.3 + 0.6

"Observations are for the last month of each treat-
ment period for the four Datients who comDleted the
study.

'Trough levels.

{
1

!i
li
:a
j

i

! ...a ..r:t:)ta
i)ili)
I

Plasma
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FlG. 2. Mean steady-state concentrations (C*) of zonisamide
(ZNA) in plasma for subjocts 1-5, Z and I compared with the range
of concentrations predicted from our single-dose study in subjects
treated with phenytoin (Wilensky et al., 1984). The dotted lines
depicting the minimum and maximum predicted concentrations
are the expocted concentrations, assuming first-order kinetics, for
the patients with th6 highest and lowest clearance values, re-
spectively, found in the singledose study. (Subiect 6 withdrew trom
the study abruptly because of an allergic reaction to ZNA, so steady-
state concentrations were not obtained.)

Clinical laboratory tests
Few significant abnormalities were detected with blood

chemistry, hematology, and urinalysis. Subject 2 had a
transient increase in levels of serum glutamic-oxaloacetic
transaminase (to 8l IU) and serum glutamic-pyruvic
transaminase (to 97 IU) during week 3 of carbamazepine
treatment, but these returned to normal spontaneously.
Subject 4 had bacteria present in urine during a urinary
tract infection in week 4 of zonisamide administration
and transient leukopenia (white blood cell count 2,8Cf,1

mm3) during week 6 of zonisamide administration.

DISCUSSION

In five of the eight subjects, zonisamide showed def-
inite antiepileptic activity. Two individuals had better
seizure control with zonisamide monotherapy than with
either phenytoin or carbamazepine. In two others, zon-
isamide was more effective than phenytorn but not as

good as carbamazepine. The lifth indrrrdual rsubject 6)
was experiencing excellent seizure c()ntr()l wrth zonisam-
ide when she developed an allergic rcile tr()n and the drug
had to be withdrawn. The remainin-s rhree patients (sub-
jects 3,5, and 8) did very poorly whrlc receiving zoni-
samide. In each case there was a signrt'rcant de terioration
in seizure control with toxicity. Once this syndrome

occurred, it persisted despite reductron of zonisamide

d""
m9/L

,' Prrdictcd

j .,,: .:'
,! .;i _.r'

j .i': .:'
,' o ..'

-.. a

',, o
ic

| .t'
i ..,4! .:'

-,' o ...;'

! ...r

21681012

Oos. m9/'19/d

FlG. 4, Mean oteady etsro concentrationo ( O*) of aoniUamidE
(ZNA) in whole blood for the same subjects and sampling times
shown in Figures 2 and3 compared with those predicled from our
single-dose study (Wilensky et al., 1984). ln contrast to the plasma
and erythrocyte data, observed concentrations in whole blood
agreed reasonably well with predicted values.
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,'Prodictrd ,i
i

I

ai

68
Dosc mgikg/d

FlG. 3. Mean steady-state concentrations (A) of zonisamide
(ZNA) in erythrocytes tor the same subjects and sampling times
shown in Figure 2 compared with th€ range of predicted values
extrapolated trom our single-dose study (Wilensky et al" 1984).
Erythrocyte ZNA concentrations were lowerthan predicted values
because ol saturation of their binding capacity for ZNA.

dose. These poor results with zonisamide may have been
caused by one or more of the following factors: (a) too
high an rnrtial dose of zonisamide, (b) too abrupt a
withdrawal of the previous anticonvulsant medication,
and (c) seizure disorders refractory to zonisamide.

60

50

E"t 
no

mE/L

30

20

ro
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The five subjects who showed a definite response to
zonisamide were started at a mean dose of 460 mglday
(6.8 mg/kg), whereas the thrce nonresponders were started
at a rn€an dose of 600 mg/day (8.1 mg/kg). Although
there is considerable overlap in starting doses, these data
suggest that a more cautious initiation of zonisamide
treatment would result in fewer side effects. Although it
is tempting to postulate that higher plasma levels of
zonisamide actually caused the increased seizure fre-
quency seen in subjects 3,5, and 8, there is little evi-
dence to support this. In fact, doses were lowered in
each case after the deterioration in seizure controvtox-
icity syndrome developed, but seizures did not then come
under control. Also, in animal studies, very high and

l"rt rt (604 mg/kg) doses of zonisamide given to mice
failed to elicit convulsions (Masuda et al., 1980).

It may be that the dosages of previous anticonvulsant
agents were reduced too rapidly while zonisamide ther-

apy was initiated. Although rapid crossovers have been
quite successful when going from phenytoin to carba-
mazepine or vice versa. the approach worked poorly
when crossing from phenytoin to zonisamide in subjects
3 and 5 and from carbamazepine to zonisamide in subject
8. Because seizures tend to beget more seizures, in these

patients the withdrawal convulsions may have led to
deteriorating overall seizure control. Subtle postictal
neuropsychological deficits may then have been com-
pounded by drug toxicity, leading to the syndrome we

observed. It is, of course, possible that subjects 3, 5,
and 8 simply were nonresponders to zonisamide and that
no changes in protocol could have prevented their prob-
lems. However, by extending the duration of crossovers

onto zonisamide, with a more gradual reduction in pre-
vious drug dosage, the risk to subjects of deteriorating
seizure contol may be reduced.

Zonisamide toxicity appeared to be qualitatively dif-
ferent from that observed with either phenytoin or carba-
mazepine, with impairments in speech and higher mental
function more troublesome than cerebellar dysfunction.
Neuropsychological tests confirm the subjects' com-
plaints. Dizziness, confusion, inebriation, and decreased
mental acuity were also common side effects with the

prototype unsubstituted antib iotic sulfonamide, sulfanil-
amide (Goodman and Gilman, l94l). Similar negative

cognitive effects were also noted in a previous study of
another sulfonamide, sulthiame (Dodrill, 1975). Thus,
the pattern of zonisamide toxicity in the central nervous
system resembles most closely that of the early prototype
unsubstituted sulfonamides, rather than that of the con-
ventional antiepileptic agents. The reiatively wide thera-
peutic window of zonisamide in rodents, based on the
ratio of dosage causing gait disturbance to that blocking
maximal electroshock seizures, may be misleading, in
that decreased mental acuity occurred at doses that did
not cause ataxia in our subjects. A dose-response study

Epilcpse, Vol, 26, No, 3, l9E5

of the effects of zonisamide on some measure of iearning
or activity level in rodents might be appropriate at this
time.

The expected neurotoxic plasma concentration of zon-
isamide of >70 mg/L, based on animal studies, was too
high. In fact, slowed speech, lethargy, and mental slow-
ing occurred in most of our patients at levels of > 30
mg/L (Table 4). Although we are not able to specify
precisely the lower limit of antiepileptic plasma concen-
tration of zonisamide, a tentative therapeutic range is
2f30 mg/L. Thus, zonisamide appears to have a narrow
therapeutic window, and dosing will require careful. in-
dividualized titration, with plasma level monitoring

Difficulties in achieving desired plasma concentrations
of zonisamide are compounded by the drug's complex
pharmacokinetics. The initial kinetic study in normal
subjects suggested that plasma levels rchieved after chronic
dosing would be higher than those predicted from rrngle-
dose studies (Ito et al., 1982). Our findings confirm thrs.

Plasma levels were approximately three times higher than
we predicted from a single-dose study in epileptrc .ub-
jects (Fig. 2) (Wilensky et al., 1984). Regardless ol'the
mechanism for this nonlinear kinetic behavior, its err.t-
ence, coupled with the drug's narrow therapeutic wrn-

dow, underlines the need for careful individualization of
zonisamide dosage. Based on our experience. a tarcet
dose of 6 mglkg is appropriate, and steady-state pla.nra

concentrations will be achieved in 2-3 weeks. At thrs

time. plasma levels can be checked, and the subject can

be examined with special attention to mental status.

Whether side effects might be minimized by buitding up
to the target dose of zonisamide gradually is unknown.

In conclusion, zonisamide monotherapy showed deii-
nite antiepileptic activity in five of eight adults with krng-
term refractory partial seizure disorders. In two sublects.
response to zonisamide was superior to that wlth erther
phenytoin or carbamazepine monotherapy. Zonisamrde
toxicity was qualitatively different from that of standurd
antiepileptic agents in that impairment of speech .rnd
higher mental functions was more common than cc're-
bellar dysfunction. Zonisamide appears to have u low
therapeutic index, with a tentative therapeutic ranse of
2G30 mg/L in plasma, which should be achieved w,rrh

doses on the order of 6 mg/kg. The drug's kinetrcs are

complex and nonlinear, with plasma levels after chronic
dosing approximately three times higher than those pre-
dicted from single-dose studies. The combination oi low
therapeutic index and nonlinear kinetics nece\\rrrres
careful individualization of dosing, with plasma lerel
monitoring. Further neuropsychological studies Jre re-
quired to delineate precisely the effects of zonr'.rnrrde
on higher nervous system function; further pharmreo-
kinetic studies are needed to determine the mechanr.ms
of the drug's nonlinear disposition and to establrsh rjorr0g
guidelines. A double-blind comparisoo of monothcr.rpv



with zonisamide vs. carbamazepine, patterned after this

open study, appea$ to be feasible, but the duration of
drug crossovers will have to be increased and initial
zonisamide doses decreased, to avoid the deterioration
in seizure control combined with severe toxiCity expe-

rienced during the first month of zonisamide therapy in
three of the eight patients studied.
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RESUME

Les auteurs ont compare la monothdrapie au zonisamide (pendant

12 semaines) i la monoth6rapie I la carbamaz6pine (pendant 12 se-

maines) aprds une m€dication de base par [a ph6nytoine (pendant 8

semaines). Cette 6tude a 6t6 un cross-over ouvert et a 6td faite chez I
adultes ayant des crises partielles non contr6l6es par le traitement. le

zonisamide a une activit6 anti6pileptique nette chez 5 sujets et chez 2

d'entre eux, la r6ponse a 6t6 meilleures qulavec la ph6nytoine et la

carbamaz6pine. Une 3e sujet est devenu libre de crises sous zonisam-
ide, mais le m6dicament a d0 atre arrete au bout de lE jours en raison
d'un syndrome de Stevens-Johnson l6ger. Les 3 autres patients sont
sortis de l'6rude i cause d'une toxicit6 m6dicamenteuse se traduisant
surtout par une atteinte des fonctions mentales supdrieurs et une re-
crudescence des crises. Les meilleurs rdsultats ont 6t6 obtenus avec

des doses d'environ 6 mg/kg par jour, avec des taux plasmatiques de

20-30 mg/litre. La pharmacocin6tique du zonisamide est complexe et
non lin6aire, les taux plasmatiques i l'6tat d'dquilibre 6tant i peu prds
3 fois plus 6levds que ceux pridits par l'6tude de l'administration de
doses uniques.

(J. Roger, Marseille'l

RESUMEN

En 8 adultos con epilepsia parcial no controlada se ha realizado un
estudio piloto abierto y cruzado comparando 12 semanas de monoter-
apia con zonisamida con monoterapia con carbamazepina ( 12 semanas)
despu6s de una monoterapia brisica con fenitoina (8 semanas). La
zonisamida mostr6 una clara actividad antiepil6ptica en 5 sujetos. En
dos de estos la respuesta de la zonisamida fud superior a la que se

habia alcanzado con fenitoina o con carbamazepina. Un tercer enfermo
no tuvo ning[n ataque con zonisamida pero la tuvo que interrumpir
despuds de lE dias debido a un sfndrome moderado de Stevens-John-
son. Los otros 3 individuos fueron excluidos del estudio porque la
toxicidad medicamentosa se manifestaba fundamentalmente con tras-
torno de las funciones mentales superiores y un incremento de los
ataques. Las mejores respuestas a la zonisamida se obtuvieron con
dosis que se aproximabm a 5mg/kgld, con niveles plasm6ticos de 2O-
30 mg/L. Los niveles plasmdticos superiores a 30 mg/L se asociaron
generalmente con toxicidad. La farmacocin6tica de la zonisamida es

compleja y no lineal con niveles plasmiiticos estables de aproximrida-
mente 3 veces mds altos que los previsibles para un estudio de dosis
rinica.

(A. Portera Sanchez, MadriA

ZUSAMMENFASSUNG

Bei 8 Erwachsenen mit therapieresistenten PartialanfAllen wurden
dic Ergebnisw wn lZ woc[ren Zot[samid Monohefaple, mit 12 Wochen

Carbamazepin Monotherapie nach 8 Wochen Phenytoin Basismonoth-
erapie in einer offenen crossover Pilotstudie verglichen. Zonisamid
zeigte eindeutige antiepileptische Aktivitiit bei 5 Patienten. Bei 2 von
ihnen iiberstieg die Wirkung auf Zonisamid die von Phenytoin bzw.
Carbamazepin. Der dritte Patient wurde unter Zonisamid antallslfrei,
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die Therapie mupte aber 18 Thge speter rr€gelt eines leichten Stev.ens- plasmaspiegel tiber 30 mgll waren gervdhnlieh rnit toxischen Symp-
,9hns{T-Sl..d:.om$ Pry"* werden. Die anderen 3 Patienten vollen- t"r*, ,li;o1rchaftet. Die pharmakckinerik des Zonisamid isr krnr
deten die sudie nicht. da bei ihnen toxische t{ebenwirkungen in.Foln plex urd "ni.tri rin.*t rt.dt;;i. pd;;p"g"l fi;g""';il-.rd
einer Bocimrfcbtigu€ h6hary S6lltiBer.lxistunggp uld e.inu Anfal- itreiruA mU. als ron einer Monotfrerepie zu en sner_hz@hE auftrutea. Die besten ErgeUnisse auizonisarnid brachten
Dos€a uE 6 uigygfta oit Plasmaspiegeln von 20 lis 30 mflt. (D. Scteffner, Heifutbers)

Epilepsla, Vol.26, No.3. 1985


