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Abstract-Stiripentol is an anti-epileptic drug of novel structure with previously demonstrated strong 
in cdro inhibitory activity on rat cerebral cytochrome P-450 mediated naphthalene hydroxylation [6]. 
When administered to rats as a single i.p. dose, the drug is presently shown to have the same in oitro 
effect. Maximal inhibition is seen 2 hr after administration, but at this time the brain concentrations of 
intact drug, although peaking, appear too low (ca. 11 pLg/g tissue) to account for the intensity of the 
effect seen in t&o. T‘his suggests in uioo activation to a metabolic intermediate forming a complex with 
cerebral cytochrome P-450. which 2 hr after dosing is fully insensitive to stiripentol added to incubates. 
Restoration of enzymic activity and of sensitivity to added stiripentol occurs progressively and is 
practically complete 24 hr after dosing. 

Over the years, the brain has been progressively 
recognized as possessing a variety of xenobiotic- 
metabolizing activities, in particular cytochrome P- 
450 mediated monooxygenation reactions (for 
reviews, see Refs. 1 and 2). The physiological reac- 
tions mediated by cerebral cytochromes P-450 
include cholesterol side-chain cleavage. the arom- 
atization of androgens to estrogens, the hydroxy- 
lation of estrogens to catechol estrogens, and a 
participation in prostaglandin synthesis. Reactions 
affecting foreign compounds include oxidative desul- 
furation, aryl hydrocarbon and phenyl hydroxy- 
lation, and various N- and O-dealkylations [l, 3,4]. 

In a previous study [5,6], we used the hydroxy- 
lation of naphthalene to I -naphthol mediated by rat 
brain 105,000 g particulate fractions to investigate 
some properties of cerebral cytochrome P-450. In 
particular. we showed that this activity is strongly 
inhibited by stiripentol added to the incubates. Sti- 
ripentol (I) is an anti-epileptic drug of novel structure 
[7] displaying a methylenedioxybenzene moiety. The 
latter is characteristic of a group of potent inhibitors 
of cytochrome P-450 which act by a combination of 
competitive inhibition and ligand complex formation 
following oxidation to a carbene intermediate [&- 
111. The methylene group in stiripentol is easily 
oxidized 1121, suggesting facile activation to a car- 
bene intermediate, and indeed the compound has 
been shown to inhibit the oxidation of other drugs 
in patients 1131. 

The pharmacodynamic properties of stiripentol 
imply a central mechanism of action. This raises the 
question of the in uivo relevance of previous results 
demonstrating the in vitro inhibitory effect of sti- 

ripentol on rat cerebral cytochrome P-450 [6]. To 
address this question, we now report the results 
of an ex rlioo study where the cerebral oxidation of 

t To whom correspondence should be addressed. 

naphthalene was measured in vitro at various time 
intervals following a single i.p. administration of 
stiripentol to rats. Marked inhibition was indeed 
found. To further evidence the involvement of sti- 
ripentol, the latter was added to some of the cerebral 
preparations obtained from stiripentol-pretreated 
animals. 

MATERIALANDMETHODS 

When not otherwise indicated, materials and 
methods were as reported in the previous study [6]. 

Chemicals. Stiripentol was a gift from Dr. Jacques 
Astoin (Laboratoire Biocodex, Paris, France). 

Animals and preparations of 105,000 g particulate 
fractions. Male Wistar rats weighing 100 g were used. 
Except stiripentol, they received no pretreatment of 
any kind. Treated animals received a single i.p. dose 
of stiripentol (100 mg/kg) in 0.1 ml pure olive oil; 
control animals received 0.1 ml olive oil. The brains 
of three to five animals were always homogenized 
together, and the 105,OOOg particulate suspension 
was then placed in the required number of incubation 
flasks (three to five for each determination). Each 
time interval thus required three to five treated and 
three to five untreated rats. 

Protein concentrations were measured by the 
method of Lowry et al. [14] for each 105,OOOg par- 
ticulate suspension and were usually in the range 
3.&4.0 mg protein/ml. 

Incubations. Incubations were carried out at 37” 
under air for 160 min. Each incubate contained 1 ml 
of the 105,OOOg particulate suspension, 3 mg 
NADPH in 1.5 ml isotonic KC1 solution, and 2.5 ml 
of an isotonic 0.02 M HEPES buffer of pH 7.6. The 
concentration of naphthalene in the incubates was 
lOpg/.5 ml (15.6pM). 

Analysis. The extraction and quantitation of l- 
naphthol by GC/MS were as previously described 
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[6]. For the quantitation of stiripentol in brain prep- 
arations, extraction and silylation were as described 
for I-naphthol. The retention times of stiripentol and 
internal standard 1.3-dihydroxynaphthalene (both 
silvlated) were 7.0 and 6.8 min. respectively. Quanti- 
tafion was done by monitoring the following ions: 
stiripentol 249. and internal standard 304.2. 

RESULTS 

Bruin concentratiom of stiripentol 

Following i.p. administration of a single dose of 
stiripentol, its concentration was measured at various 
times in both total homogenates and 105,OOOg par- 
ticulate fractions. The results (Table 1) show that in 
both preparations the concentrations are relatively 
high already 30 min after injection and reach their 
highest value after 2 hr. For unexplained reasons, 

Table 1. Brain concentrations of stiripentol in rats following 
a single i.p. dose of 100 mg/kg (N = 3: *SD) 

Time Total homogenate 105,000 g particulate fraction 

(hr) (pg/g tissue) (ng/mg proteins) 

0 N.D.* N.D.” 
0.5 6.9 i- 2.7 4.2 * 1.5 
1 9.7 + 1.9 6.5 ? 1.7 
2 11.4 + 6.1 11.0 ? 0.8 (N = 5) 
4 6.9 ? 2.7 3.6 + 0.6 
8 0.7 +- 0.2 2.1 20.4 

* Not detectable 

the decline appears different in the total homogenate 
and in the 105,OOOg particulate fraction. Indeed. the 
total homogenate loses CU. 45% from 2 to 1 hr. then 
cu. 90% from 4 to 8 hr. whereas the particulate 
fraction loses cu. 70% from 2 to 4 hr and then onI> 
40% of the remainder from 4 to 8 hr. A much mote 
detailed distribution and elimination study WOLIICI 

be needed to verify and explain. or to reject ;I, 
unrepresentative these preliminary ohset-\ ation\. 

Cerebral oxidatior2 of’ r~riphtlzalene irl ml.\ prcVretrtct1 
with stiripentol 

In these series of experiments. control animals 
showed activities in the range 3-4 ng 1 -naphthol per 
mg of protein per 160 min. For better readability, 
however, the results in Table 2 are reported as per- 
centages only. When comparing the data from the 
first and fourth line in Table 2, it can be seen that 
naphthalene hydroxylase activity is strongly inhibited 
in brain preparations from rats sacrificed 2. 4 and 
8 hr after stiripentol administration. Two hours after 
dosing, only 29% of the activity remains. whereas 
after 4 and 8 hr partial recovery brings the activit) 
to 55-56s of controls (the results after 4 and X hr 
differ significantly from those after 2 hr). After 71 
hr. the recovery is apparently complete as no dif- 
ference exists between treated and untreated animals 
(the results at 24 hr are significantly different from 
those after 4 and 8 hr). 

It thus appears that inhibition is maximal cu. 2 hr 
after stiripentol administration. This is when the 
brain concentrations of the intact drug are the 
highest, namely 11 ng/mg-protein (Table 1). This 
amount corresponds in our incubates to a con- 
centration of approximately 30 nM, which is ca. 40 
times lower than the IC,,, value of stiripentol when 
added directly to the incubates [6]. In other words. 
the amounts of intact stiripentol remaining in the 
brain of treated rats are far too low to account for 
the inhibition seen in these ex uioo experiments (see 
Discussion). 

Table 2. Formation of 1-naphthol from naphthalene in brain 105,OOOg particulate fractions of rats given 
a single 100 mg/kg i.p. dose of stiripentol at time zero of experiments, and additional inhlbttory elicct\ 
of stiripentol (STI) added to incubates (control values in the range 3-3 ng I-naphthol per mg protein\ 

per 160 min) 

Conditions 
Time after i.p. administration (hr) 

2 4 x 7-1 
(results in c/r of controls t SD; N = 3-5) 

Control animals (olive oil i.p.) 
no ST1 added 100 f 19 100 k 11 100 f 24 100 ? IO-i 
ST1 added (2 PM) 52 k s** 47 f 11** 39 + 13* 60 -c 10’ 
ST1 added (4,uM) 37 + 8*’ 33 + s** 31 k-1* 29 c_ II” 

Treated animals (stiripentol i.p.) 
no ST1 added 29 + 5**$$/! 56 2 12**‘Fll 5s t 17*9:1$$$$ 88 )_ 14i-~ll,-;_-i-111~11:’ 
ST1 added (2 PM) 29 t 4*” 48 2 1s** 30 + .I** $$ so ? 23* 6 /)(I 
ST1 added (4 PM) 30 + 3** 31 r 14** 26 + .s** $5 39 I 22” “II 

* P i 0.05 (relative to 100% controls). 
I* P < 0.01 (relative to 100% controls). 
tN=X. 
$ $117 4-t These horizontal pairs differ with P < 0.05 
$$(i$llIIl/l These vertical pairs differ with P < 0.05. 
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Fig. 1. Inhibitory effect of a single i.p. dose of stiripentol (lOOmg/kg) on rat cerebral naphthalene 
hydroxylase activity at various times after administration, and influence of stiripentol added to incubates. 

Effect of st~r~~e~to~ added to incubates 

To investigate further the role of stiripentol, the 
compound was added at time zero (i.e. together 
with the substrate) to some of the incubates. When 
stiripentol was added to preparations from untreated 
rats (Table 2, second and third lines), inhibitions 
of ca. 50 and 6.5% were seen for the 2 and 4pM 
concentration, respectively, in agreement with pre- 
vious results [6]. No statistical difference is seen 
between the 2 and 4 PM concentrations and between 
the various groups of control animals. 

When stiripentol was added to preparations from 
rats pretreated with the drug, results of a different 
nature were obtained (Table 2, fifth and sixth lines). 
With animals killed 2 hr after pretreatment, it is 
seen that stiripentol added to the incubates has no 
inhibitory effect additive to that due to the 
pretreatment. Such cerebral preparations are thus 
fully insensitive to added stiripentol. In contrast, 
stiripentol is fully active when added to preparations 
from rats killed 24 hr after pretreatment, implying 
that such preparations have regained their sensitivity 
to added stiripentol. Preparations from animals kil- 
led 4 and 8 hr after pretreatment yielded inter- 
mediate values, indicating a progressive recovery of 
the sensitivity to stiripentol (note the statistically 
significant difference within vertical pairs in the third 
and fourth column). This recovery of the sensitivity 
to stiripentol paralleled the recovery of hydroxylase 
activity, as represented schematically in Fig. 1, and 
confirms the inhibitory effect of stiripentol 
pretreatment. 

DISCUSSION 

The results of this study show the rapid penetration 
and relatively long retention of stiripentol in rat 
brain. In agreement with in vitro findings, a single 
dose of intraperitoneally administered stiripentol 
elicits a strong inhibition of cerebral naphthalene 

monooxygenation as seen in ex vi00 experiments, 
and the time course of this effect appears related to 
the brain concentrations of the drug. 

In quantitative terms, however, brain homo- 
genates (with a concentration of ca. lOng/mg of 
microsomal protein) supply to incubates amounts of 
intact stiripentol which yield concentrations of ca. 
30nM at maximal inhibition. As explained above, 
such concentrations are far below the 1~s~ value of 
stiripentol under these conditions (1.2hM [6]) and 
cannot account for the magnitude of the observed 
inhibitory effect. A likely explanation is in vivo 
cerebral metabolism of the drug to a potent inhibi- 
tory metabolite. Indeed. numerous studies ]e.g. S- 
IO] have shown that methylenedioxybenzene deriva- 
tives are activated by cytochrome P-450 to a carbene 
which reacts at the site of formation to form a non- 
covalent complex with temporary loss of enzymatic 
activity. 

This hypothesis is also compatible with results 
of experiments where the compound is added to 
105,000 g preparations from stiripentol-pretreated 
rats. Two hours after pretreatment, i.e. when inhi- 
bition is maximal (ca. 70%), in vitro added stiripentol 
is fully devoid of effect, implying (if the above 
hypothesis is correct) that no additional P-45&car- 
bene complex can be formed. This finding may 
appear contradictory with results of previous experi- 
ments [6] showing that stiripentol 100 ,uM added to 
105,OOOg fractions from untreated rats results in 
a practically complete (96.3 2 2.1%) inhibition of 
naphthalene oxidation. However, we also showed 
previously that preincubating cerebral 105,OOOg 
preparations with stiripentol2 +LJM results in cu. 75% 
inhibition of activity. Taken globally, these results 
suggest that stiripentol at these concentrations can 
inhibit (through a postulated inhibitory 
intermediate) only ca. 3/4 of the native rat cerebral 
cytochrome P-450 mediating naphthalene oxidation. 
Inhibition of the remaining cytochrome P-450 
activity requires very high concentrations (above 
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lO/tM) of stiripentol, which would now act by 
another, as yet unknown but presumably non- 
specific. mechanism. This hypothesis is deduced from 
the known [ 101 dual mechanism of cytochrome 
P-450 inhibition displayed by lipophilic methylene- 
dioxybenzenes. namely direct (competitive) and 
indirect (following activation) inhibition. 

Another fact worth noting is that practically full 
recovery of activity and sensitivity to added stiri- 
pentol are seen 24 hr after stiripentol pretreatment. 
This finding indicates that the P-45Scarhene 
complex. if indeed formed. is not a covalent and 
irreversible one but that it slowly dissociates within 
24 hr to regenerate the functional enzyme. The situa- 
tion during and following chronic stiripentol treat- 
ment can be expected to be more complex. but such 
studies remain to be undertaken. 

In summary, our studies indicate that the novel 
anti-epiieptic drug stiripentol rapidly penetrates into 
the brain of rats, where it is postulated to be metab- 
olized to an intermediate with strong but transient 
(less than 24 hr) inhibitory activity towards cerebral 
cytochrome P-450. The implication of these findings 
in terms of drug-drug interactions and effects on 
physiological metabolic pathways remain to be 
assessed. 
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