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Purpose. Distribution to the effect site is a prerequisite for the thera-
peutic effect and determined by physicochemical properties and af-
finities to inside- and outside-directed membrane transporters. Based
on the hypothesis that lipophilic esters of the GABA-derivative bac-
lofen have a higher affinity to brain tissue, baclofen esters (methyl,
ethyl, 1-propyl, 2-propyl, butyl) were studied regarding their penetra-
tion through the blood–brain barrier and their affinities to P-
glycoprotein (P-gp).
Methods. Octanol-water distribution coefficients (D) served as lipo-
philicity parameters. Blood and brain concentrations of baclofen and
its methyl ester were determined in vivo in rats following intraperi-
toneal administration. Affinities to P-gp were evaluated using a ra-
dioligand binding assay based on P-gp-overexpressing cells and [3H]-
talinolol as radioligand.
Results. Log D values for baclofen and ester derivatives were -0.96
(baclofen), 0.48 (methyl), 0.77 (ethyl), 1.31 (1-propyl), 1.27 (2-
propyl), and 1.42 (butyl). In-vitro studies yielded negligible affinity of
baclofen to P-gp, whereas IC50-values for the esters ranged between
1300 �M (methyl) and 290 �M (2-propyl). Affinity parameters cor-
related well with the lipophilicity parameters.
Conclusions. Despite the P-gp affinity, brain concentrations of meth-
yl ester were significantly higher than those of baclofen, however,
baclofen levels following administration of the ester were smaller
than with baclofen administration indicating only partial hydrolysis.

KEY WORDS: radioligand binding assay; octanol-water distribution
coefficient; baclofen; P-glycoprotein; prodrug.

INTRODUCTION

The centrally acting antispastic agent baclofen [R/S-4-
amino-3-(4-chlorophenyl)butyric acid], a �-amino butyric
acid analog, was experienced to exhibit high therapeutic ac-
tivity and a high therapeutic value in certain – even severe –
spastic disorders (1). The effect correlates well with the doses
and the concentrations present at the site of action (2). How-
ever, therapeutic levels (necessary for these particular indi-

cations) are not reached in the central nervous system (CNS),
unless the drug is administered intrathecally. Concentrations
in the cerebrospinal fluid (CSF) following p.o. dosage of 100
mg rac-baclofen are below the detection limit (<3 ng/g) at
plasma levels of 305–720 ng/g. Intrathecal administration of
bolus doses of up to 600 �g or infusions at rates of 50–1200
�g/d result in plasma concentrations of 5–20 ng/g or –5 ng/g,
respectively, at high local levels. These studies clearly re-
vealed the lack of a significant mutual exchange between drug
in the blood- and in the CNS compartment.

In general, for CNS-active agents the extent of distribu-
tion to the effect site is a prerequisite for their therapeutic
effect and is determined by their physicochemical properties
as well as their affinities to inside- and outside-directed trans-
porters located in the blood–brain barrier (BBB; Refs. 3–6).
In the brain, capillary fenestration is lacking, and—unless car-
riers are involved—this barrier is characterized by low per-
meability for hydrophilic agents. Transporters known to be
present in the BBB are, e.g., amino acid and glucose trans-
porters for inside-directed (7–9) and P-glycoprotein (P-gp)
for outside-directed transport (10–12). With respect to pro-
drugs of a higher lipophilicity derived from active compounds
with carboxylic functions, ester formation represents a well-
known approach. Known prodrug strategies include the es-
terification of ganciclovir with the amino acid valine (13), the
formation of bisphosphonate prodrugs (14) or the formation
of ester prodrugs of �-lactam antibiotics (15). Deguchi et al.
(16) synthesized 1,3-diacetyl-2-ketoprofen glyceride, as po-
tential prodrug of the anti-inflammatory drug ketoprofen and
achieved a higher brain uptake than with the parent drug.

Based on the assumption that the ester prodrugs of the
gamma-amino butyric acid derivative baclofen would readily
be cleaved in the tissue releasing active baclofen at the site of
action, baclofen and baclofen methyl ester were compared
regarding their ability to penetrate through the blood-brain
barrier. Molecular modeling studies with baclofen and its es-
ters indicated that the esters should not have any affinity to
pharmacologically relevant binding sites (17) and should,
hence, be negligible regarding their CNS and peripheral ac-
tivity. Their affinities to the major secretory transporter P-gp
were studied using a radioligand binding assay considerably
modified from Döppenschmitt et al. (18).

MATERIALS AND METHODS

Cell Culture

Caco-2 cells (P 58-61) were cultured in Dulbecco‘s modi-
fied Eagle‘s medium containing glutamine, 20% fetal bovine
serum, 1% nonessential amino acids, 100 U/mL penicillin, 100
�g/mL streptomycin, 100 IE /mL penicillin, and 10 nM vin-
blastine sulphate (VelbeTM, Lilly, Bad Homburg, Germany).
All media were purchased from Biochrom KG (Berlin, Ger-
many). The cells were trypsinized weekly using trypsin/
EDTA solution (0.25% / 0.02%) and seeded in 75-cm2 cell
culture flasks (Greiner, Frickenhausen, Germany) at a den-
sity of five million cells per flask. Cells were grown at 37°C in
an atmosphere containing 95% air and 5% CO2 with 100%
relative humidity. After 7 to 10 days the cells were used in the
radioligand binding assay (RBA).
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RBA

For the RBA, the medium was removed from the cell
culture flasks and the cell-monolayer was washed twice with 5
mL of phosphate-buffered saline. The cells were trypsinized
with 2 mL of trypsin/EDTA (0.25%/0.02%). After 30 min,
trypsinization was stopped by addition of 18 mL of complete
medium. Cells were individualized, counted with a hemocy-
tometer, and separated from the medium by centrifugation
(10 min, 23°C, 250 × g).

The cells were washed once with phosphate-buffered sa-
line (20 mL) and resuspended in a 0.01% solution of L-�-
lysophosphatidylcholine in Hank‘s balanced salt solution
supplemented with 10 mM 2-morpholinoethanesulfonic acid
monohydrate and adjusted to pH 7.0 to a concentration of
one million cells per 125 �L (cell suspension). Cell suspension
was immediately used in the radioligand binding assay. Solu-
tions of all compounds (baclofen esters, or the parent drug
baclofen, respectively) were prepared in Hank‘s balanced salt
solution /2-morpholinoethanesulfonic acid monohydrate 10
mM (pH 7.0) (incubation buffer). The RBA was conducted
on 96-well plates. Each incubation mixture consisted of 100
�L of compound solution (different concentrations), 25 �L of
radioligand solution (radioligand: 1 �M talinolol containing
20% [3H]-talinolol, (Kix, Volxheim, Germany; www.
isotopes.de), and 125 �L of cell suspension (see above). [3H]-
Talinolol was chosen as radioligand because of its low non-
specific binding. Following incubation and shaking at 1200
rpm/min for 30 min at room temperature, the solutions were
filtered through glass fiber filters (Dunn, Asbach, Germany)
in a Brandel-Cell-Harvester (Gaithersburg, MD, USA) and
unbound radioligand was removed by purging the filters with
5 mL of ice-cold 0.9% sodium chloride solution in bidistilled
water. Thereafter, the filters were dissolved in 4 mL of scin-
tillation fluid (Rotiszint 22, Roth, Karlsruhe, Germany) and
bound radioactivity was counted in a liquid scintillation
counter (Beckman Coulter, Unterschleissheim, Germany).

In Vivo Rat Study Investigating the Disposition
Characteristics of Baclofen vs. Baclofen Methylester

Investigations in animals were approved by the respec-
tive local ethics committee for animal studies (Kanton Zürich,
Regierungspräsidium Dessau/Sachsen-Anhalt). Studies were
performed in male White Wistar rats (n � 3), which were
anaesthesized in diethylether atmosphere prior to intramus-
cular application of the narcotic urethane (50%; g/g in sterile
sodium chloride solution (0.9%), dose: 1500 mg/kg body
weight). 60 min later the respective drug was administered to
the rat. Equimolar doses of baclofen (1.0 mg/kg body weight)
and baclofen methyl ester hydrochloride (1.24 mg/kg body
weight) were administered intraperitoneally. After adminis-
tration of the single dose, blood and tissue sampling was per-
formed at 5, 20, and 60 min post-dose. Blood samples were
immediately frozen and stored at −20°C until analysis. For
baclofen methyl ester the blood samples were stabilized to
prevent hydrolysis of the esters by addition of NaF (10 g/L) as
esterase inhibitor and oxalic acid (2 g/L) according to Baselt
et al. (19).

To rule out an effect of urethane as in vivo esterase
inhibitor, studies including methyl ester dosage were repeated
employing a different experimental set-up with permanently

cannulated and conscious rats. Release of baclofen from its
potential ester precursor was compared between the two ex-
perimental set-ups.

Brain samples were used without perfusion. The small
contribution (approx. 2–5%) to tissue levels by blood that is
left in the brain vasculature was assumed to be negligible.
Tissue samples were immediately homogenized with tyrode
buffer (1:1; m/m) and stored at −20°C as well.

Compounds and Reagents

Baclofen was a gift from Ciba-Geigy (Basel, Switzer-
land). DL-Chlorophenylalanine, naphthyl ethyl isocyanate,
triethylamine and ethanolamine were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). o-Phthaldialdehyde, N-
acetyl-L-cysteine and buffer components were obtained from
E. Merck (Darmstadt, Germany). All other reagents were of
analytical grade and all solvents were of high-performance
liquid chromatography grade. Water was distilled prior to use.

Synthesis of Baclofen Esters

As described by Herber (17) baclofen esters were syn-
thesized by reaction of baclofen (1.5 g; 7.0 mM) with metha-
nolic hydrochloric acid (2 mol/L; 70 mL) for 24 h at ambient
temperature (Fig. 1). Excess HCl gas was removed by reflux-
ing the reaction mixture for 1h. Structure confirmation of the
synthesized ester derivatives was based on NMR and MS
analyses. Chromatographic purity was >99%. The esters were
used as the respective hydrochloride salts.

Octanol–Water Distribution Coefficients (O/W-DC) as
Lipophilicity Parameter

For the determination of the octanol-water distribution
coefficient baclofen and baclofen esters were dissolved in 0.1
M KH2PO4-buffer (adjusted to pH 7.3 with 0.1 M NaOH).
Following partitioning between buffer and octanol (1:1; v/v)
during 30 min on a horizontal shaker and phase separation by
centrifugation (10 min, 0°C, 4000 rpm) the extinction (E) of
the aqueous phase was measured at 220 nm using a UV/VIS-
spectrometer. Extinction was measured against an octanol-
saturated buffer solution to correct for a potential UV ab-
sorption of octanol.

Analytical Conditions for Baclofen and Its Methyl Ester

Extraction and Derivatization Procedures

Baclofen Blood Samples. Protein precipitation was per-
formed by centrifugation at 4000 rpm for 10 min (0°C) fol-

Fig. 1. Baclofen structure and preparation of the respective ester
prodrugs.
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lowing addition of 25 ng chlorophenylalanine as internal stan-
dard (i. st.) and 0.75 mL methanol to 100 mg aliquots of blood
samples and following extensive vortexing for 30 s. To the
supernatant o-phthaldialdehyde (OPA) and N-acetyl cysteine
(NAC) were added and derivatization was performed at am-
bient temperature yielding fluorescent isoindole derivatives,
which were immediately assayed via HPLC (reaction time 5
min). The stationary phase consisted of a Zorbax C8 column
(5 �m, 25 × 0.4 cm; Bischoff Chromatography, Leonberg,
Germany) equipped with a LiChrocart C8-guard column car-
tridge. The mobile phase consisted of a mixture of 1/15 M
phosphate buffer (pH 6.6), methanol, and THF (45:50:2.5)
(v/v/v) and was delivered at a flow rate of 0.5 mL/min. Fluo-
rescence of the eluate was monitored at 345 nm (excitation)
and 443 nm (emission). Average retention times were as fol-
lows: baclofen 10.7 min, DL-chlorophenylalanine 17.6 and
20.0 min. Variability of the assay was in the range of 2-10%
for the whole linear range (blood: 3400–68 ng/g; brain: 336–68
ng/g), the limit of quantification was 25 ng/g for blood and 15
ng/g for brain samples.

Baclofen Brain Samples. For 1000-mg brain samples
(500 mg brain tissue as 1:1 homogenate with tyrode solution)
an additional solid-phase extraction was necessary (Baker-
bond spe™ Octadecyl, 3 mL, J.T. Baker, Deventer, Nether-
lands). The method required a three times repeated condi-
tioning of the solid-phase extraction cartridges with 3.0 mL of
methanol and was followed by addition of 3 mL of water
(twice) prior to transfer of the sample to the cartridge. Sub-
sequently the cartridge was washed with 4.0 mL water, dried,
and washed with 0.25 mL of methanol. Elution was carried
out with 0.5 mL methanol. The eluate (90 �L) was used for
the derivatization and analysis of the sample. The recovery of
baclofen in brain samples following solid phase extraction was
determined to be 68%. Analytical conditions (chromatogra-
phy) were identical for blood and brain samples.

Methyl Ester Blood Samples. Derivatization of baclofen
esters using the OPA/NAC method turned out to be impos-
sible, probably due to steric hindrance by the ester group (17).
Thus an alternative bioanalytical HPLC-method needed to be
developed: Due to the lack of the zwitterionic structure of
baclofen esters when compared to baclofen, extraction into
an organic layer was possible:

After the addition of 500 ng baclofen isopropyl ester as
internal standard to a 200-mg sample aliquot, extraction was
conducted on a horizontal shaker (15 min) using 3.0 mL of
dichloromethane. The mixture was centrifuged for 5 min
(4°C, 4500 rpm) and the organic layer was evaporated to
dryness (+50°C, N2). The dried residue was reconstituted in
50 �L of a triethylamine solution (1% in methanol) and 25 �L
of naphthyl ethyl isocyanate solution (0.1% in toluene). The
derivatization reaction was performed for 30 min at ambient
temperature, stopped by addition of 50 �L of ethanolamine
solution (1% in methanol), evaporated to dryness, reconsti-
tuted in methanol and finally injected into the HPLC system.
HPLC conditions were as follows: As stationary phase a Zor-
bax C8 column (5 �m, 25 × 0.4 cm) equipped with a LiChro-
cart C8-guard column cartridge was used. The mobile phase
consisted of a mixture of methanol, water, and THF (710:276:
14; v/v/v) and was delivered at a flow rate of 1.2 mL/min.
Fluorescence of the eluate was monitored at 234 nm (excita-
tion) and 333 nm (emission). Variability of the assay was in
the range of 2-10% for the whole linear range (blood: 2500–50

ng/g; brain: 2000–50 ng/g), the limit of determination was 20
ng/g for blood and 25 ng/g for brain samples.

Methyl Ester Brain Samples. Baclofen isopropyl ester
(500 ng; i. st.) and 2.0 mL of pH 2.5 phosphate buffer were
added to a centrifuged 800-mg aliquot of tissue homogenate
(1:1, with tyrode solution). After extraction using 2.0 mL of
dichloromethane and centrifugation (5 min, 4°C, 4500 rpm),
the organic layer was discarded. 1% sodium bicarbonate so-
lution (1 mL) and 2.0 ml of dichloromethane were added to
the aqueous layer. This organic layer was separated after cen-
trifugation and evaporated to dryness (+50°C, N2). The sub-
sequent procedure was identical for brain and blood tissues
(see above).

Calculations

DC Estimations

O/W-DCs were calculated according to:

DC =
Eorganic layer

Eaqueous layer

RBA Studies

For the determination of P-gp affinity of nonlabeled sub-
stances, the displacement of the radioligand [3H]-talinolol by
increasing concentrations of the test compound was used. All
curve fittings and nonlinear regression analysis were per-
formed using Origin™ version 6.0 (OriginLab Corp.,
Northampton, MA, USA) applying the following equation:

y = y0 +
a * xb

cb + xb

where y0 and a are the displacement for the minimal substrate
concentration (0%) and the maximal substrate concentration
(100%), respectively, b is the Hill coefficient, and c the IC50

value (�M).
Because alprenolol showed a nearly complete displace-

ment of the radioligand at high concentrations (30 mM) it was
used to estimate the amount of nonspecific binding and to
calculate specific binding:

Specific binding � total binding − nonspecific binding

Statistical comparisons of mean values were performed using
the Student t test and a p value of < 0.05 was considered
statistically significant. IC50 is defined as the concentration of
a compound that inhibits radioligand binding by 50%. Vera-
pamil and talinolol were included as reference compounds in
addition to baclofen and its analogs.

In Vivo Studies

The brain-to-blood ratio served as a measure for altered
tissue selectivity, since this value is normalized by the respec-
tive blood level.

Statistical Calculations

From all single values, arithmetical means and standard
deviations (SDn−1) were calculated. Statistical significance of
correlations was estimated by performing a linear regression
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analysis and testing the correlation coefficient for statistical
significance (p < 0.05).

RESULTS

Structural Characteristics, Lipophilicities, and P-gp
Binding Parameters

Baclofen as well as baclofen esters were readily soluble
in water. Hence, in vitro studies were performed without spe-
cial pretreatment of the compounds and without addition of
cosolvents. As expected, O/W-DCs and derived log Ds in-
creased with increasing chain-lengths (Table I). The relation-
ship between the lipophilicity parameter and the length of the
ester side-chain was analyzed by linear regression analysis. A
clear positive correlation was found with correlation coeffi-

cients of r2 � 0.9350 without and r2 � 0.8643 with baclofen.
Figure 2 depicts the correlation of log D values and the num-
ber of C atoms in the side-chain of baclofen and baclofen
ester. Statistical significance was found (p < 0.05).

In the radioligand binding studies, almost complete dis-
placement (down to nonspecific binding) of [3H]-talinolol was
observed at high displacer levels. The average value for non-
specific binding was 19.4% in the case of baclofen butyl ester
under the described experimental conditions. For baclofen
and its esters, non-specific binding was generally in the range
of 18–25%. Data variability (intraassay) was small for baclo-
fen specimen and one of the two reference compounds, ve-
rapamil, while some extent of variability was detected for
talinolol. The concentration-dependent displacement of the
radioligand allowed the determination of the IC50 values for
baclofen and its esters, for which typical inhibition curves
resulted (Fig. 3A). The in vitro studies yielded negligible af-
finity of baclofen to P-gp. Displacement of [3H]-talinolol was
achieved at lower displacer concentrations for the more lipo-
philic baclofen derivatives indicating higher affinities to the
macromolecular binding site and yielding the following rank-
ing with respect to IC50 values, which are summarized in
Table I:

Verapamil > butyl ester > 2-propyl ester > 1-propyl ester
> talinolol > ethyl ester > methyl ester > baclofen

This ranking indicates a relationship between IC50 value and
lipophilicity. The correlation between IC50 and log D is de-
picted in Fig. 3B, including the correlation parameters ob-
tained with linear regression analysis. The correlation coeffi-
cients were r2 � 0.9321 without baclofen and r2 � 0.9682 with
the low affinity P-gp-substrate baclofen. Statistical signifi-
cance of the correlation between IC50 and log D was found at
p � 0.05 according to the rank correlation coefficient of
Spearman (20).

Table I. Octanol–Water Distribution Coefficients (O/W-DC, Arith-
metical Means ± SD) and Respective Log D Values of Baclofen
Esters as Well as IC50 Values Obtained in the P-Glycoprotein Ra-
dioligand Displacement Studies for the Displacement of [3H]-Talinolol

Number of
carbon atoms
in side chain O/W-DC log D IC50 [�M]

Baclofen 0 0.11 −0.96 4492
Methyl ester 1 3.0 ± 0.3 0.48 1278
Ethyl ester 2 5.9 ± 0.2 0.77 1055
1-Propyl ester 3 20.2 ± 1.6 1.31 315
2-Propyl ester 3(iso) 18.6 ± 0.8 1.27 292
n-Butyl ester 4 26.4 ± 1.1 1.42 430
Talinolol 703
Verapamil 76.7

Note: All compounds were used as racemates.
Values represent means of three repetitive determinations.

Fig. 2. Correlation of log D and side-chain length.
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Brain Concentration–Time Profiles and Tissue Selectivity:
Baclofen vs. Baclofen Methyl Ester

The preliminary concentration-time profiles obtained
with baclofen and its methyl ester in blood and brain after
intraperitoneal dosage showed a considerably better penetra-
tion into the brain for the more lipophilic ester. Ester con-
centrations in blood were lower and those in the brain were
considerably higher for baclofen methyl ester than for baclo-
fen when ester or baclofen, respectively, were dosed (Fig. 4).

In the course of these studies, release of active baclofen
from its potential prodrug was also measured. Baclofen blood
levels following methyl ester dosage were significantly lower
than either the concentrations of parent methyl ester or bac-
lofen levels after application of baclofen, respectively.

The release of baclofen from its potential precursor
yielded maximum baclofen levels in blood of 141 ng/g without
and 150 ng/g with urethane at 20 min post dose.

In the brain, maximum baclofen concentrations follow-
ing baclofen methyl ester administration (data not included in
Fig. 4) ranged between the limit of quantification, where

traces were detectable, and 51 ng/g, while those after baclofen
dosage were between the LOQ and 87 ng/g.

Thus, formation of the methyl ester from baclofen had a
pronounced effect on tissue selectivity, yielding tissue-to-
blood ratios significantly higher for this baclofen derivative
than for parent baclofen (Fig. 4), but did not lead to increased
baclofen brain concentrations.

DISCUSSION

The fact that baclofen itself does not appear to permeate
into the CNS to a sufficient extent was demonstrated in vari-
ous clinical studies, but is still regarded as surprising, since
baclofen was previously found to be a substrate of the neutral
amino acid transporter (21), which should also be present in
the BBB (3).

In the experimental setup of the present studies, brain
tissue collected for the assays was not perfused prior to ho-
mogenization, to remove blood left in the vasculature. It must
be anticipated that the 2–5% blood remaining is not com-
pletely negligible in the case of compounds with low brain

Fig. 3. (A) P-glycoprotein (P-gp) assay. Displacement of the radioligand [3H]-talinolol from binding in P-gp overexpressing Caco-2 cells by
increasing levels of butyl ester (example). Non-specific binding amounted to 1254 dpm in this experiment (19.4% of total). (B) Correlation
of P-gp affinities and lipophilicities: IC50s vs. log Ds. Esterification, at physiologic pH, of the zwitterionic baclofen removes one of the ionizable
groups in the molecule. The “true” comparison in the homologous series would be the protonated (at the carboxyl group) baclofen, which is
not possible under given experimental conditions. Therefore, correlation coefficients in the linear regresssion analysis are given with and
without baclofen.
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penetration (as in the case of parent baclofen). For the ester,
which exhibits higher brain levels this does not appear to be
relevant.

Stereoselective transport of baclofen through the blood-
brain barrier was previously detected, which is in consistence
with an active inside-directed transport system (22). Further-
more, it was previously hypothesized that rapid vesicular up-
take would reduce the extracellular fluid levels including CSF
levels. Baclofen concentrations after intravenous application
were 27-fold higher in plasma than in ISF, whole brain tissue
and CSF in microdialysis studies (23). It was also hypoth-
esized that the limited distribution of baclofen to the CNS
might be due to the affinity to an effective probenecid-
sensitive efflux system for organic anions (23). Esterification
of baclofen, as it was performed in these studies, eliminates
the free carboxyl structure, which appears necessary for af-
finity to organic anion transporters. In addition to the in-
creased lipophilicity this might serve as explanation for higher
brain ester concentrations.

The P-gp binding studies performed would suggest that
also the baclofen esters might have problems overcoming the
BBB because they may be extruded by the exsorptive trans-
porter P-gp. The enhanced lipophilicity of the baclofen esters
generates a higher affinity to the secretory transporter P-
glycoprotein, which is also present in the BBB. Nevertheless,
the methyl ester readily penetrates into the brain. The P-gp
affinity of the methyl ester is lower than for the more lipo-
philic esters. From these data it is concluded that P-gp in the
BBB does not play the major role in brain penetration of this

compound. This indicates again that the balance between
P-gp affinity and -presumeably passive-membrane permeabil-
ity determines the fraction of drug entering a particular com-
partment in spite of the presence of transporters in the re-
spective barrier. Also for other clusters of structurally closely
related compounds lipophilicity was revealed as major factor
determining the affinity to the verapamil binding site of P-gp,
with yet quantitatively undefined impact on the BBB trans-
port. Comparable results were obtained for, e.g., a series of
�-adrenoceptor antagonists and a number of CNS-active
compounds (24). In the previous publication (18) this inter-
relationship was already discussed. It was concluded that the
P-gp affinity of a compound might not affect its distribution
into tissue compartments, when its passive permeability,
which mainly depends on lipophilicity and size (molecular
weight), is high. This appears to be valid for the investigated
group of baclofen congeners as well: In vivo, mainly because
of the increasing lipophilicity, esterification of baclofen re-
sulted in better brain penetration of baclofen methyl ester as
shown by higher brain-to-blood ratios. The high lipophilicity
appears to more than compensate for outside-directed trans-
port in the BBB. The high total brain concentrations, which
are significantly higher than blood concentrations, indicate an
increased affinity of the methyl ester to the lipophilic brain
tissue.

The apparent extent of baclofen back-formation from
esters in vivo in the blood and particularly in the brain was
smaller than expected from ex vivo/in vitro hydrolysis data
(17). Additional studies performed showed that the experi-
mental conditions do not affect the extent of hydrolysis, which
is identically low for the baclofen methyl ester under different
surgical conditions, i.e., with urethane anesthesia or under
permanent cannulation without anesthesia in conscious rats.

It might be expected that the small sized baclofen esters
with longer side-chains than methyl reach even higher con-
centrations in the target structure than the parent compound
baclofen or its methyl ester. In vivo release of baclofen, from
its esters and an optimization of the nature of the respective
potential prodrug is subject of additional investigations.

Furthermore, it is expected that—as opposed to the
poorly protein bound baclofen—the esters exhibit higher pro-
tein binding. Further additional studies include an estimation
of plasma protein binding, to be able to correlate free CSF
levels with unbound blood levels because free concentrations
are in equilibrium with CSF and possibly also with brain ex-
tracellular fluid levels and, hence, free levels are a more suit-
able comparator. Disposition studies, including CSF, have
been performed for all esters (Herber, 2002) and will be sub-
ject of a separate publication.
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