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The systemic disposition and serum-cerebrospinal fluid (CSF)
translocation of valproic acid (VPA) were examined in rats after
administration of VPA as a bolus, as a continuous infusion, or with
probenecid. VPA in CSF was monitored continuously by in vivo
microdialysis. Both prolonged VPA infusion and probenecid pre-
treatment increased the K, for saturable VPA elimination and de-
creased intrinsic hepatic clearance, perhaps due to competition of
probenecid or accumulated VPA metabolites for glucuronidation or
depletion of hepatic UDP-glucuronic acid. The CSF/serum VPA ra-
tio increased rapidly initially, then decreased with time throughout
the remainder of the experiment in all three groups. This time- and/
or concentration-dependent behavior suggested that the rate of CSF
penetration increased disproportionately with increasing serum VPA
and could be described by a kinetic model incorporating a concen-
tration-dependent first-order rate constant for VPA influx into CSF.
Under all experimental conditions, the VPA efflux from CSF ap-
peared to be saturable; an increase in the Michaelis constant for
efflux was observed following probenecid pretreatment and during
VPA infusion, suggesting competitive inhibition of transport by
probenecid and derived metabolites of VPA, respectively. The
mechanisms responsible for asymmetric VPA transport between se-
rum and CSF, in particular the apparent concentration-dependent
change in the rate constant governing CSF penetration, remain to be
elucidated.

KEY WORDS: valproic acid; CNS transport; microdialysis; nonlin-
ear disposition; nonstationary disposition.

INTRODUCTION

Previous studies have suggested that the serum—CNS
translocation of valproic acid (VPA) is complex. An active
system for monocarboxylic acid transport into and out of the
CNS has been identified (1), and several lines of evidence
suggest that serum—-CNS VPA transfer is mediated in part by
this system. Net VPA efflux from CSF was decreased by
probenecid (2), a competitive inhibitor of many organic an-
ion transporters. VPA uptake into the CNS appears to be
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saturable, as suggested by a less-than-proportionate increase
in brain tissue VPA concentration with increasing serum
VPA exceeding 300 ng/mL (3). A potential contribution of
protein-bound VPA to serum-CNS transport also has been
suggested but has yet to be elucidated (4).

In addition to active transport, passive diffusion of VPA
may contribute to serum—CNS translocation. Although the
undissociated fraction of VPA is less than 0.005 at physio-
logic pH, the CSF/unbound serum VPA ratio in dogs in-
creased by approximately 50% as the serum pH decreased
from 7.4 to 6.9 (2). The mechanism underlying this pH-
dependent increase in CNS penetration (i.e., diffusion of
nonionized VPA across the blood—CSF barrier versus pH-
dependent changes in barrier integrity or the activity of
transporters) was not determined. The quantitative contri-
bution of passive diffusion to the overall serum—-CSF VPA
translocation also is unknown.

One consistent observation regarding the kinetics of
VPA in serum and brain tissue is that the brain/serum con-
centration ratio appears to be time-dependent. Instead of
increasing to a plateau after VPA administration, as would be
anticipated for distribution via passive diffusion, or continu-
ing to increase with time, as would be observed for slow
efflux from the organ, the brain/serum concentration ratio
for VPA increases rapidly postadministration and then de-
creases with time (5,6). This situation is suggestive of a time-
dependent change in the kinetics of VPA uptake into and/or
efflux from brain tissue. At present, the mechanism control-
ling this unusual behavior has not been examined. In addi-
tion, it is not clear whether the VPA CSF/serum concentra-
tion ratio would evidence a similar time dependency.

The present study was undertaken to examine the trans-
location kinetics of VPA between serum and CSF in the rat.
Typically, studies of CNS Kkinetics in rodents involve sacri-
fice of groups of animals at specified time points, allowing
collection of only one sample per animal. The experiments
described herein utilized in vivo microdialysis to estimate
VPA concentrations in CSF, allowing the collection of com-
plete serum and CSF concentration—time profiles in individ-
ual rats. Utilizing this approach, the translocation kinetics of
VPA were assessed under three experimental conditions (af-
ter an iv bolus dose, during continuous infusion, and in the
presence of probenecid) in an effort to isolate the various
factors governing transfer of the drug between serum and
CSE

METHODS

VPA Disposition in Serum and CSF. Male Sprague—
Dawley rats (270-310 g) were anesthetized with urethane, 1
g/kq ip, and body temperature was maintained at 37°C. The
right jugular (for blood sampling) and femoral (for drug ad-
ministration) veins were cannulated, and a microdialysis
probe (CMA/10, Carnegie Medicin, 3 X 0.5-mm tip) was
implanted in the fourth ventricle (11.6 mm posterior to
bregma, 7.8 mm subdurally). The probe equilibrated for 30
min prior to the experiment to allow stabilization of the
blood—brain barrier, probe environment, and probe recov-
ery (7,8). Probes were perfused with artificial CSF (pH =
7.5, 2 pL/min) prior to implantation and throughout the ex-
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periment via a microsyringe pump (BAS, West Lafayette,
IN). Fractional VPA recovery by each probe was determined
in vitro after the experiment by placing the probe sequen-
tially in vials of artificial CSF (1 mL) containing 10, 50, and
100 pg/mL VPA. Fractional recovery was calculated as the
ratio of microdialysate concentration to VPA concentration
in each vial; results were averaged across vials for each
probe. Probe recovery (average of 33%) was independent of
concentration. VPA concentrations in microdialysate from
the in vivo experiment were corrected for recovery to esti-
mate VPA concentrations in CSF (9).

Treatment Groups. Rats in Group 1 (n = 4) received a
VPA bolus (100 mg/kg) and served as controls for the other
groups. Rats in Group 2 (n = 5) received a VPA bolus (100
mg/kg) plus infusion (17 mg/kg/hr) to examine serum/CSF
VPA transfer in the presence of sustained VPA concentra-
tions; doses were selected to produce serum VPA similar to
that in the third group. Rats in Group 3 (n = 5) received
probenecid (50 mg/kg bolus plus 17.5 mg/kg/hr infusion for
the duration of the experiment) 30 min prior to a VPA bolus
(100 mg/kg) to assess probenecid inhibition of VPA serum/
CSF translocation, as has been shown for other organic ac-
ids (10-12).

Sample Collection. CSF microdialysate (10 pL/sample)
was collected over 5-min intervals, capped, and frozen
(—20°C) until analysis. Blood (300 pnL/sample) was collected
via the jugular vein cannula at timed intervals, and the serum
harvested and frozen (—20°C) until analysis.

VPA Assay. VPA in microdialysate (10 pL) and serum
(100 pL) was determined by GLC with flame ionization de-
tection. Samples were acidified with 0.5 N HCI and ex-
tracted with 2 volumes of ethyl acetate containing cyclohex-
anecarboxylic acid (100 pg/mL) as an internal standard. Al-
iquots (1-3 pL) of the organic layer were analyzed on a
wide-bore (0.53-mm id) fused silica FFAP capillary column
(15 m) at 120°C (microdialysate) or 70°C (1 min) to 120°C at
40°C/min (serum). Carrier gas (helium) was delivered at 10
mL/min. Standard curves were linear throughout the con-
centration range, with a concentration-independent CV
<5%.

Probenecid Assay. Proteins in serum (50 pL) were pre-
cipitated by cold acetonitrile with acetaminophen as an in-
ternal standard. After centrifugation, 50-pL aliquots of su-
pernatant were diluted with 50 pL. water. Microdialysate (10
pL) was mixed with 20 pL acetonitrile and 30 pL water.
Fifty-microliter aliquots of the final preparation were ana-
lyzed on a 30-cm 5-pm C,g column at 28°C, with a mobile
phase of 25% acetonitrile in 0.01 M sodium acetate (pH 7.4)
delivered at 1 mL/min. The absorbance of column eluent was
monitored continuously at 254 nm.

Pharmacokinetic Analysis. VPA disposition in serum
and CSF was analyzed by nonlinear least-squares regression
(PCNONLIN, SCI, Lexington, KY). Prior to analysis, total
serum VPA concentrations were converted to estimated un-
bound concentrations with ex vivo binding parameters de-
termined in separate groups of animals. To assess protein
binding, rats (n = 5) were anesthetized and cannulated as
described above, and VPA (100 mg/kg) was administered as
a bolus. Blood samples (300 pL) were collected at timed
intervals for 4 hr; serum was harvested and pooled for de-
termination of VPA binding by ultrafiltration. A one-site sat-
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urable binding model was fit to the unbound (ultrafiltrate)
versus bound VPA concentration data to recover the follow-
ing parameters: binding capacity, 448 uM; binding affinity,
460 X 1073 mM L.

Three models based on the scheme in Fig. 1 were de-
veloped; each was fit simultaneously to the unbound serum
and CSF data. Each model incorporated saturable clearance
from serum (V,_,,, K,,) and differed only in VPA serum-
CSF transfer. In all cases, X, refers to the VPA bolus (or
loading) dose, V is the central volume, and Cg and Cgf are
VPA in serum and CSF.

Model 1. This model was based on passive diffusion
into and out of CSF governed by first-order rate constants
(Kins> Kours TeSpectively):

dCs Vmax * Cs
a Kourt - Ccsr — Kin - Cs Ko+ Cs’
Xo
Cspo = v
dCcsF
a Kin - Cs — Kour * Ccsrs Ccsro = 0

Model 2. Model 2 was based on passive diffusion of
VPA into the CSF according to a Cs-dependent rate constant
(K1y) determined by a maximal rate constant for uptake
(Kax) and a serum concentration (Cs,) associated with an
uptake rate constant equal to one-half of X,

max*

CSF efflux was governed by a transport maximum (7,
and a Michaelis constant (K,,, csp):

ax)

|

AN

BRAIN
» PARENCHYMA

Fig. 1. Scheme for serum—CNS transfer of VPA. Arrows indicate
transfer mechanisms with associated rates of flux ¢,. In the present
study, only transfer between serum and CSF was examined; transfer
between CSF and brain parenchyma was assumed not to influence
the CSF concentration—time profile. Three models based upon this
scheme were examined, all of which assumed saturable elimination
from serum. Model 1: ¢g ¢, passive diffusion; ¢¢_g, passive diffu-
sion. Model 2: &g, concentration-dependent influx; ¢, active
transport. Model 3: ¢g ¢, passive diffusion; ¢¢_g, active transport.
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dCS Tmax : CCSF * Vmax . CS
== — - KN Cs— %,
dt  Kycsk + Cesr K+ Cs
Coo = 0
S0= Y
dCcsr Tnax * Ccsr
P Kin® Cs — 0— Ccspp =0

£
Kucsy + Ccsr

Model 3. This model assumed passive uptake (K} and
active efflux (T,,,, and X,,, csg) of VPA; equations for Model
3 were identical to those for Model 2, with K, replacing
K.

Model selection was based on Akaike’s information cri-
terion (AIC) (13). Models incorporating other CNS uptake
processes (e.g., active transport into CSF) were not exam-
ined since these were unable to describe VPA flux between
serum and brain tissue (6). It is likely that the inability to
describe the active component of VPA uptake was due to the
fact that VPA concentrations were within the linear Kkinetic
range (<1 mM) observed for monocarboxylic acid uptake
(1,14).

Statistical Analysis. Where appropriate, the signifi-
cance of differences in kinetic parameters between groups
was determined by the unpaired Student’s ¢ test. Since the iv
bolus dose group served as a reference for both the iv infu-
sion and the probenecid-treated groups, Bonferroni’s correc-
tion for multiple comparisons was employed. The influence
of treatment group and time after VPA administration on the
CSF/serum concentration ratio was assessed by two-way
analysis of variance. In all cases, P < 0.05 was considered
statistically significant.

RESULTS

The time course of VPA CSF/serum concentration ra-
tios is presented in Fig. 2. In all groups, the CSF/serum ratio
increased rapidly immediately after VPA administration,
achieving a maximum at 15 min, followed by a progressive
decline. Based on two-way ANOVA, the time-dependent de-
crease in the CSF/serum ratio was statistically significant (P
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< 0.005). The only treatment-related differences in mean
CSF/serum ratios were at 5 min (VPA infusion and prober.e-
cid groups were statistically lower than the VPA bolus
group) and 15 min (the probenecid group was statistically
lower than the VPA bolus group) after VPA administration.

Mean (=SD) VPA profiles in serum and CSF are shown
in Figs. 3-5. Each model provided identical fits to the serum
data, suggesting that VPA serum-~CSF flux does not influ-
ence serum VPA. In every case, Model 1 (bidirectional pas-
sive diffusion) provided the worst fit to the data based upon
AIC. For the bolus-dose group, Model 3 (passive influx and
active efflux) provided the best fit to the data (Fig. 3C). In
contrast, Model 2 provided a superior fit to the data obtained
from both the VPA infusion and the probenecid groups (Figs.
4B and 5B, respectively). In these groups, Model 3 overes-
timated the CSF concentration of VPA after 120 min (Figs.
4C and 5C).

Parameters governing systemic VPA kinetics, generated
with the optimal model identified for each group, are com-
piled in Table 1. These parameters represent the mean + SD
of estimates obtained from individual rats. The distribution
volume for unbound VPA (~300 mL/kg) was unaffected by
treatment. Increases in both V., (5- to 10-fold) and X, (30-
to 40-fold) were observed in both the infusion and the
probenecid groups. The observed variability in Michaelis~
Menten parameters was low in the bolus-dose group but high
in the other two groups. This observation is not surprising,
since the apparent nonlinear disposition of VPA was masked
during VPA infusion (as serum concentrations approached
steady-state conditions) or in the presence of probenecid
(due to a decrease in VPA clearance). Thus, the model was
overparameterized for the infusion and probenecid groups.
To assess the influence of each treatment on VPA elimina-
tion, the unbound intrinsic clearance (Cl') of VPA was esti-
mated for each animal as (V. /K,,)) - V. Cl' was decreased
significantly (P < 0.01) during constant infusion of VPA (ap-
proximate 6-fold decrease) and in the presence of probenecid
(approximate 10-fold decrease).

The kinetic parameters controlling VPA flux between
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Fig. 2. Time course of CSF/serum VPA concentration ratio in rats receiving a VPA

bolus (solid), a VPA infusion (hatched),

or probenecid coadministration (cross-

hatched). Bars indicate mean + SD of four (bolus-dose group) or five observations.
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Fig. 3. Concentration—time profiles for VPA in serum (circles) and
CSF (triangles) after a 100 mg/kg iv bolus of VPA. Error bars indi-
cate the mean = SD; lines indicate the fit of (A) Model 1, (B) Model
2, and (C) Model 3 to the mean data. See Fig. 1 and Methods for
model identification.

serum and CSF are presented in Table II. The maximum rate
constant for VPA influx (or, in the case of the bolus-dose
group, the concentration-independent rate constant for in-
flux) was approximately 0.05 min "', and did not differ sta-
tistically between treatment groups. Similarly, the serum
concentration at which the influx rate constant was 50% of
maximum (Cs,) was consistent between the VPA infusion
and the probenecid-treated groups, and tended to be 10-30
pg/mL. T,,,, for VPA efflux from CSF did not differ between
treatment groups. However, K, ~sp Was significantly higher
in both the infusion and the probenecid-treated groups com-
pared to the bolus-dose group (P < 0.05). Peak VPA con-
centrations in CSF, normalized for VPA in serum, were sig-
nificantly lower in rats receiving probenecid coadministra-
tion compared to animals receiving only a VPA bolus (P <
0.05). In all groups, the peak CSF/serum concentration ratio
was observed at 15 min.
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Fig. 4. Concentration—time profiles for VPA in serum (circles) and
CSF (triangles) during constant iv infusion of VPA. Error bars indi-
cate the mean * SD; lines indicate the fit of (A) Model 1, (B) Model
2, and (C) Model 3 to the mean data. See Fig. 1 and Methods for
model identification.

Mean (=SD) probenecid concentrations were 174 + 14
pg/ml in serum and 28.5 * 18.3 pg/mL. in CSF. Correlations
of VPA kinetic parameters with probenecid concentrations
were not significant due to the small number of rats and
narrow range of probenecid concentrations.

To demonstrate differences in model performance, the
concentration-time data for the infusion group were con-
verted to CSF/serum concentration ratios versus time. The
observed ratios were compared to predicted ratios based
upon parameter estimates obtained from application of
Model 2 and Model 3 to the data obtained from this group.
The results of this comparison are displayed in Fig. 6. A
traditional pharmacokinetic model (i.e., Model 3, based
upon assumptions of passive diffusional influx and active
efflux) predicted that the CSF/serum ratio would increase
rapidly after the VPA loading dose and would become es-
sentially constant by 1 hr. Clearly the CSF/serum ratio did
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Fig. 5. Concentration~time profiles for VPA in serum (circles) and
CSF (triangles) after a 100 mg/kg iv bolus of VPA to rats pretreated
with probenecid. Error bars indicate the mean + SD; lines indicate
the fit of (A) Model 1, (B) Model 2, and (C) Model 3 to the mean
data. See Fig. 1 and Methods for model identification.

not behave in this manner. The observed CSF/serum ratio
increased rapidly, reaching a maximum value at 15 min and
declining thereafter. Model 2, which assumed that the rate
constant for VPA influx into CSF decreased as serum VPA
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decreased, was able to account for this unusual time-
dependent concentration ratio.

DISCUSSION

The present study elucidated several aspects of the ki-
netics of VPA flux between serum and CSF. As has been
observed for VPA partitioning between serum and brain tis-
sue (5,6), the CSF/serum VPA ratio did not achieve a distri-
butional steady state. The initial rate of influx into the CSF
was rapid, with maximal CSF/serum ratios observed within
15 min; however, the CSF/serum ratio decreased signifi-
cantly with time throughout the remainder of the experi-
ment.

VPA serum-to-CSF translocation did not appear to be
saturable. However, the serum concentrations observed in
this study may have been below the K, for active VPA up-
take, resulting in an apparent first-order process. Uptake of
monocarboxylic acids tends to be linear at concentrations
<1 mM (i.e., VPA concentrations of 150 pg/mL) (1). The K,
for this transport system is 1.8 = 0.6 mM (15), corresponding
to VPA concentrations of 260 pg/mL. Nonlinear distribution
of VPA between brain and serum appears to occur at con-
centrations of 300 pg/mL (3), which is consistent with the
aforementioned K,,,. Since serum concentrations were above
this value only briefly in the bolus-dose and infusion groups,
it is not surprising that VPA influx did not appear to be
saturable. Although probenecid increased VPA serum con-
centrations, the influx kinetics in this group also appeared to
be nonsaturable. If probenecid inhibited active VPA uptake
competitively (therefore elevating the K,,), VPA serum con-
centrations may have been too low to achieve significant
saturation. Indeed, the observed data were consistent with a
slight inhibition of serum-to-CSF translocation of VPA by
probenecid: the maximum CSF/serum VPA ratio was signif-
icantly lower in rats receiving probenecid, and the apparent
maximal rate constant for VPA uptake into CSF tended to be
lower in these animals.

The apparent inhibition of VPA uptake by probenecid is
consistent with the influence on CNS uptake of other organic
acids (16). These results contrast with the observation of
Frey and Loscher (2) that probenecid increased the initial
rate of net VPA influx into the CSE These authors suggested
that probenecid inhibited carrier-mediated efflux of VPA
from CSF and that VPA uptake into CSF was unaffected.
This discrepancy between studies may be due to differences
in VPA concentration (>>200 pg/mL in the present study ver-
sus <80 pg/mL).

Table I. Influence of VPA Infusion or Probenecid Coadministration on the Systemic
Disposition of VPA“

Bolus dose Infusion Probenecid
Parameter n=4) (n=275) n=23)
V (mL/kg) 314 =73 288 * 62 257 + 68
Vmax (g/mL/min) 3.32 = 0.47 31.2 = 244 176 = 93
K,, (pg/mL) 202 = 11.7 667 =+ 456 814 + 406
CI' (mL/min/kg) 77.4 =239 13.0 £ 3.2* 7.18 =+ 5.16*

“ Data expressed as mean + SD.

* Significantly different from bolus dose, P < 0.01.



1770

Golden, Brouwer, and Pollack

Table II. Influence of VPA Infusion or Probenecid Coadministration on the Serum—CSF Transfer
Kinetics of VPA®

Bolus dose Infusion Probenecid
Parameter (n=4) (n=23) (n=275)
Kin (Kppay) (min™h) 0.0634 = 0.0148 0.0475 = 0.0286 0.0364 = 0.0177
Cso (ng/mL) NA? 43.7 + 26.7 19.3 + 17.3
Tpnax (g/mL/min) 15.5 * 5.0 27.7 * 113 10.6 + 29
K, csk (pg/mL) 39.5 *+ 14.9 133 + 33% 78.4 * 29.4%
Peak CSF/serum ratio 0.606 * 0.147 0.514 = 0.074 0.332 = 0.140*

¢ Data expressed as mean *+ SD.
# Not applicable to the kinetic model used.

* Significantly different from bolus dose, P < 0.05.

In contrast to influx, VPA efflux from CSF clearly was
saturable. The existence of saturable VPA efflux from CSF
has been proposed to account for the fact that VPA concen-
trations in CSF are lower than unbound serum VPA at steady
state (17). In rats receiving a VPA bolus, K,, -5 Was ap-
proximately 40 pg/mL. K, csp Was elevated during VPA
infusion and by probenecid; neither treatment influenced
T,.ax- This observation is consistent with competitive inhi-
bition of VPA efflux. For VPA infusion, inhibition may be
due to accumulation of VPA metabolites in the CSF.
Probenecid may have inhibited VPA efflux by one of several
mechanisms, including inhibition by probenecid or a
probenecid metabolite or inhibition by a VPA metabolite that
accumulated in the presence of probenecid. Since probene-
cid inhibits the serum—-CNS transport of several compounds
including VPA, the former mechanism is most likely. Indeed,
both VPA and probenecid increase CSF concentrations of
various organic acids in the rat, presumably via competitive
inhibition of the monocarboxylic acid transport system
9,12,18).

The kinetic models applied to the present data are wor-
thy of note. In most cases, the tissue-to-blood partitioning of
a compound administered systemically will increase with
time and eventually approach a constant value. The distri-
bution of VPA between serum and CSF is unusual in that it
evidences an ‘‘overshoot’’ (i.e., the CSF/serum ratio dis-
plays an initial rapid increase followed by a decrease). It has
been proposed that the serum-~CNS transport of VPA is
asymmetric, with the CNS efflux rate exceeding the influx

ime ()
Fig. 6. Observed (mean * SD) and predicted CSF/serum concen-
tration ratio during VPA infusion. Lines indicate predictions based
upon Model 2 (solid line) and Model 3 (dashed line).

rate (4). Models based on asymmetric transport (i.e., diffu-
sional input coupled with saturable efflux) produce an over-
shoot in the CSF/serum concentration ratio. However, the
observed data deviate from model predictions based upon
simple asymmetric transport in two important respects. The
parameters generated with Model 3 predict that maximal
CSF/serum ratios will occur at 40—60 min, depending upon
the experimental group. In every rat examined, the maximal
CSF/serum ratio was observed at 10—15 min. Thus, the sim-
ple asymmetric model cannot account for rapid initial influx
into CSF. More importantly, the asymmetric model predicts
that at some point the CSF/serum concentration ratio will
become constant. With the parameter estimates generated in
this experiment, the CSF/serum ratio should remain con-
stant after approximately 2 hr. In the present study, rats
receiving a bolus dose of VPA appeared to evidence such a
plateau in distribution ratio (Fig. 2). This is somewhat mis-
leading, however, since CSF VPA was undetectable in this
group after 2 hr. In the presence of sustained VPA concen-
trations, where assay limitations are not a consideration, the
CSF/serum ratio continued to decrease throughout the ex-
periment. This prolonged decrease cannot be accounted for
with a simple asymmetric distribution model.

The present data, as well as previously published re-
ports (5,6), suggest that the rate of VPA penetration into the
CNS increases disproportionately with increases in unbound
serum VPA. There are several mechanisms by which a drug
could enhance its own CNS uptake. It is possible that VPA
transport is cooperative (i.e., binding of one VPA molecule
to the transport site increases the likelihood that a second
molecule will be transported). Such a cooperative system,
while possible in theory, has not been documented. Alterna-
tively, VPA may decrease cerebral blood flow, thereby in-
creasing both the cerebral capillary transit time and the op-
portunity for diffusion across capillary endothelia. Whether
VPA does alter cerebral blood flow is unknown.

An alternative hypothesis is that VPA alters serum-
CNS transport in a nonspecific fashion via a transient, con-
centration-dependent perturbation of the blood—brain or
blood—-CSF barrier. Several pieces of evidence support the
latter hypothesis. VPA has been shown to increase the brain
uptake index of both diazepam (19) and chlordiazepoxide
(20) in rats. For both drugs, the increase in brain uptake
could not be accounted for on the basis of alterations in
protein binding. Similar increases in blood-brain barrier
permeability have been induced by administration of ali-
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phatic alcohols to dogs (21). Furthermore, VPA and ethanol
both are capable of disordering neuronal cellular mem-
branes, although VPA is nearly an order of magnitude more
potent than ethanol in this regard (22); 50% of maximum
change in membrane fluidity was achieved with 9 mM VPA
versus 72 mM ethanol. It is possible that the unusual parti-
tioning kinetics of VPA, and the VPA-enhanced brain uptake
of benzodiazepines, is due to disordering of the endothelial
membranes comprising the blood-brain and blood—CSF
barriers. Experimentation is under way currently to test this
hypothesis.
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