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Experimental thiamine deficiency results in a repro-
ducible pattern of selective neuronal cell death. Events
such as blood-brain barrier breakdown, N-methyl-D-
aspartic acid (NMDA) receptor-mediated excitotoxic-
ity, and increased reactive oxygen species have been
implicated in thiamine deficiency-induced neural loss.
L-deprenyl protects dopaminergic, noradrenergic, and
acetylcholinergic neurons from neurotoxic, mechani-
cal, and excitotoxic damage. In the present study, the
effects of l-deprenyl on neuronal cell survival were
examined in rats made thiamine deficient by daily
administration of the central thiamine antagonist
pyrithiamine (0.5 mg/kg s.c.). Rats assigned to thia-
mine deficient or control groups received daily injec-
tions of l-deprenyl (0.25, 0.5, or 1.0 mg/kg/day i.p.) or
vehicle until they reached a state of severe thiamine
deficiency (loss of righting reflex). At this stage,
thiamine status was restored by daily injections of
thiamine (10 mg/kg s.c.) for 3 days, after which the
animals were killed, and their brains were processed
for neuronal cell counts (cresyl violet staining), astro-
cytic proliferation [glial fibrillary acidic protein
(GFAP) immunohistochemistry], and monoamine oxi-
dase B (MAO-B) activity. All rats receiving l-deprenyl
(all doses) had significantly decreased neuronal cell
loss in thalamic nuclei, in the inferior colliculus, and in
the inferior olive and had a concomitant decrease in
reactive astrocytic proliferation compared with the
thiamine-deficient, vehicle-treated rats. The neuropro-
tective effects of l-deprenyl in thiamine deficiency
induced brain damage most likely result from its
properties other than its effects as an MAO-B inhibi-
tor. J. Neurosci. Res. 52:240–246, 1998.
r 1998 Wiley-Liss, Inc.
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INTRODUCTION
Experimental thiamine deficiency (TD), an animal

model of human Wernicke-Korsakoff syndrome, pro-

duces a robust and reproducible selective neuronal cell
loss that recapitulates the cell loss seen in the human
condition. The exact mechanisms responsible for this
selective vulnerability remain elusive; however, several
contributing factors have been demonstrated, including
N-methyl-D-aspartic acid (NMDA)-mediated glutamate
excitotoxicity (Hazell et al., 1993; Langlais and Zhang,
1993), blood-brain barrier disruption (Calingasan et al.,
1995; Harata et al., 1995; Leong et al., 1996), and cellular
energy impairment (Heroux and Butterworth, 1992).
Previous investigations have shown that the NMDA
receptor antagonist MK801 results in significant neuropro-
tection in some brain areas vulnerable to TD (Langlais
and Mair, 1990; Todd and Butterworth, 1997, 1998).
However, because this neuroprotection was only partial
and likely involved, to some extent, the attenuation of late
stage seizure activity (an event not observed in the
clinical condition), the use of NMDA-receptor antago-
nists may be of limited value.

L-deprenyl [(2)-deprenyl; DEP] has received much
attention due to numerous studies reporting a slowing in
the neurological deficits in Parkinson’s disease (Parkin-
son Study Group, 1989, 1993) and attenuation of the
cognitive decline observed in Alzheimer’s disease (Sun-
derland et al., 1987; Schneider et al., 1991) after DEP
monotherapy. The purpose of the present studies was to
investigate whether DEP, which is a monoamine oxidase
B (MAO-B) inhibitor and a free-radical scavenger, would
offer significant neuroprotection in the TD model of
selective neuronal cell death.

Our selection of DEP was based on numerous
findings that have reported significant neuronal survival
after DEP treatment in in vivo models of rat facial nerve
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axotomy (Salo and Tatton, 1992; Ansari et al., 1993),
N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP-4)
neurotoxic lesions (Finnegan et al., 1990; Zhang et al.,
1995, 1996), after unilateral hypoxia-ischemia (Paterson
et al, 1997), and in mice after N-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) pretreatment (Tatton and
Greenwood, 1991). Recent in vitro models reported that
DEP protected against NMDA-mediated excitoxicity
(Mytilineou et al., 1997), that it augmented the increased
gene expression of the neurotrophin ciliary neurotrophic
factor (CNTF) observed in astrocytes after mechanical
wounding (Seniuk et al., 1994), and that it induced
mRNA levels of copper, zinc-dependent superoxide dis-
mutase (SOD1) and potentiated the effects of nerve
growth factor (NGF) on PC12 cells, suggesting an
antioxidative mechanism and possible interaction with
neurotrophic factors (Li et al, 1995). In addition, DEP has
been shown to reduce glial fibrillary acidic protein
(GFAP) mRNA levels in C6 glioma cells, indicating a
regulatory role in astrogliosis (Li et al., 1993), and to
reduce PC12 cell apoptosis by inducing new protein
synthesis (Tatton et al., 1994). Interestingly, these in vivo
and in vitro models showed that the increased cell
survival following DEP treatment was independent of its
MAO-B inhibition, thus raising the possibility that DEP
may be effective in selective cell death involving a variety
of neurotransmitter systems. Given these lines of evi-
dence, we investigated three doses of DEP in the TD
model. Our results showed that DEP treatment resulted in
significantly increased neuronal cell survival compared
with vehicle-treated controls.

MATERIALS AND METHODS
Animals

Adult male Sprague Dawley rats initially weighing
200–225 g were used in all experiments. Rats were
housed individually in suspended wire mesh cages main-
tained under constant ambient conditions of 21°C and
50% humidity and a 12 hr:12 hr light-dark cycle. Upon
arrival at our facility, normal rat chow (ICN Nutritional
Biochemicals, Cleveland, OH) and water were freely
available to the rats, and they were allowed to acclimatize
to their new environment and handling for 3 days prior to
the initiation of the studies. All animal procedures were
approved by the Animal Ethics Committee of Hoˆpital
St-Luc and the University of Montreal.

TD Protocol
TD was induced after the 3-day acclimatization

period by administration to the relevant rat groups (TD)
of the synthetic thiamine antagonist pyrithiamine (Sigma
Chemical Co., St. Louis, MO) and substitution of a

thiamine-deficient chow for the regular chow (both
purchased from ICN Nutrition Biochemicals). Animals
were weighed daily and given a daily subcutaneous (s.c.)
injection of pyrithiamine (50 µg in 0.2 ml saline/100 g
body weight), and the volume of chow consumed each
day was recorded. Control (CON) rats were pair fed to
equal consumption with the TD rats using the same
thiamine-deficient chow and were supplemented with
daily s.c. injections of thiamine (10 µg in 0.2 ml
saline/100 g body weight). All rats were fed, injected, and
tested for changes in neurological status at the same time
each day.

DEP Treatment
Rats were assigned to one of the following groups:

The TD/DEP group received daily pyrithiamine and one
of the following doses of DEP: 0.25, 0.5, or 1.0 mg/kg
(2)-deprenyl.HCl (n 5 6; purchased from Research
Biochemicals International, Natick, MA); the TD/VEH
group received daily pyrithiamine and saline vehicle
injections (1 ml/kg; n5 6); the CON/DEP group received
daily thiamine and DEP injections (doses as above; n5
4); and the CON/VEH group received daily thiamine and
saline vehicle injection (1 ml/kg; n5 6). The doses of
DEP were chosen based on previous reports (Milgram et
al., 1990; Ansari et al., 1993). Because previous reports
have shown TD-induced changes in the brain, such as
alterations of the blood-brain barrier (Calingasan et al.,
1995) and activation of glial cells (Leong et al., 1994), as
early as 7 days after initiation of TD, we initiated DEP
injections at the same time as pyrithiamine. To avoid a
route of administration confound, pyrithiamine and thia-
mine were injected s.c., and DEP and saline vehicle,
which were administered immediately after, were in-
jected intraperitoneally (i.p.). In all cases, TD animals
were allowed to progress to a state of severe TD, which
was manifested behaviorally by their loss of righting
reflex, but prior to the onset of seizures. Following loss of
righting reflex, all treatments were discontinued (pyrithia-
mine, DEP, and VEH), and all animals received a single
injection of thiamine at a dose of 10 mg/kg daily for 3
days, during which time the rats were fed regular,
thiamine-containing chow. The purpose of reestablishing
thiamine status was to restore any metabolically damaged
neurons. After the 3 days of thiamine treatment, animals
were killed by guillotine decapitation, and their brains
were rapidly removed, hemisected along the midline, and
frozen at280°C until sectioning.

Histology and Immunohistochemistry
Half brains were allowed to warm up to220°C in a

cryostat, and adjacent 20-µm sections (0.9–3.9 mm lateral
according to the rat brain atlas of Paxinos and Watson,
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1986) were mounted on gelatinized slides. Histological
evaluation was undertaken by fixing the slides with 10%
formalin for 5 min at room temperature and staining with
cresyl-violet according to standard protocols. Neuronal
cell counts were obtained from various brain nuclei by
counting and averaging two 0.25-mm2 grid areas under
3400 magnification by an investigator who was unaware
of the treatment groups. Criteria for neuronal counting
included nuclear size and the presence of a nucleolus.
Intrajudge reliability measures were undertaken, and
correlation coefficients of.0.96 were routinely obtained.

Adjacent sections were immunoreacted for GFAP
to identify reactive astrocytes and, indirectly, to corrobo-
rate neuronal cell loss. Briefly, sections were fixed in 10%
formalin for 5 min followed by a brief wash in distilled
water. GFAP immunostaining was initiated with a 5-min
incubation in alcohol:H2O2 (99:1) to quench endogenous
peroxidase activity. The sections were then rinsed in 50
mM Tris HCl, pH 7.4; placed in a humid chamber; and
incubated in 10% horse serum for 20 min to block
nonspecific background. Sections were washed in buffer
and then incubated with the primary GFAP antibody
(1:750 GFAP; DAKO, Carpinteria, CA) for 120 min at
room temperature, washed, and incubated with the second-
ary antibody (1:200 anti-rabbit immunoglobulin; Vector
Laboratories, Burlingame, CA) for 20 min. Conjugation
with the avidin-biotin complex (1:100; Vector Laborato-
ries) was followed by visualization using 3,38-diaminoben-
zidine tetrahydrochloride-hydrogen peroxide (Sigma
Chemical Co.). Sections were dehydrated, cleared, and
mounted in Permount. Sections incubated without pri-
mary antibodies were run as negative controls.

Quantification of GFAP immunoreactivity was un-
dertaken by means of computer-assisted densitometry.
Within each nuclei assessed, a section of identical size
was selected for analysis. Typically, this section encom-
passed almost the entire nucleus undergoing analysis. An
arbitrary numeric value based on the color intensity of the
field was obtained, and statistical analysis of the data was
carried out by using a Mann-Whitney U test.

Measurement of MAO Activity
A separate series of rats was run to ascertain the

degree of MAO-B inhibition in the same treatment
groups described previously above (n5 4). These rats
were killed at the loss of righting reflex stage of TD, and
their brains were rapidly removed, flash frozen in isopen-
tane, and kept at280°C until analysis. MAO-B activity
was assessed by using a modified version of the protocol
described by Lyles and Callingham (1981). Briefly, half
brains were homogenized in 0.2 M potassium phosphate
buffer, pH 7.8. In triplicate, 50 µl of14C-phenylethyl-
amine ([14C]PEA) were added to 50 µl of tissue homog-
enate; blanks contained 10 µl 3 M HCl. The samples were
then briefly flushed with oxygen, quickly stoppered, and

incubated at 37°C for 10 min. The reaction was termi-
nated by the addition of 10 µl 3 M HCl. The radiolabelled
products were then extracted into 1 ml of ethyl acetate/
toluene (1:1 v/v; water saturated) and centrifuged briefly
at 1,600 rpm. The organic layer (700 µl) was then added to 4
ml of scintillation fluid, and the radioactivity was counted.

RESULTS
Behavior

All pyrithiamine-treated rats (TD/VEH and TD/
DEP) exhibited a reduction of the amount of food
consumed after 10 days of treatment and showed a
concomitant decrease in body weight, as described previ-
ously (Heroux and Butterworth, 1992; data not shown).
After 11 days of treatment, these same animals exhibited
increased sensitivity to touch and sound. In the TD/VEH
animals, lethargy, mild ataxia, opisthotonos, and exoph-
thalmos were observed commencing on day 12 and
gradually worsening over the subsequent 24 hr. Righting
reflexes in these animals were observed to be delayed on
day 12 and progressed to total absence after 13 days of
treatment. In contrast, TD animals receiving DEP (all
doses) did not exhibit ataxia, opisthotonos, or exophthal-
mos until days 13 or 14, with total loss of righting reflex
delayed until days 14 or 15. This delay in the loss of
righting reflex was not related to the dose of DEP.

Histology and Immunohistochemistry
Neuronal cell counts obtained from the experimen-

tal groups are displayed in Table I. Because there were no
significant differences in cell counts obtained from any of
the obligate control groups (P . 0.65; analysis of
variance), only counts of the CON/VEH group are
presented, and these are referred to as controls in the
table. In all thalamic nuclei (with the exception of the
ventral lateral nucleus), in the inferior colliculus, and in
the inferior olive, a significant neuronal loss in the
TD/VEH-treated animals was observed, with the most
dramatic loss located in the gelatinosus nucleus (80%
loss). Within some of the thalamic nuclei, there was a
dose-dependent increase in neuronal counts after DEP
treatment [ventroposterior lateral nucleus (VPL), medial
geniculate nucleus (MG), and dorsal lateral geniculate
nucleus (DLG)]; however, a dose of 1 mg/kg/day resulted
in significantly less neuronal loss in all areas assessed. No
change in the number of neurons in the striatum (nonvulner-
able reference region) was observed in any treatment group.

Results obtained from the quantification of GFAP
immunoreactivity are displayed in Table II. These data
are expressed as percent control. The TD/VEH treated
animals showed a significant increase (up to 220%;P ,
0.05) in GFAP immunoreactivity compared with the
control group. All doses of DEP treatment resulted in
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attenuation of this increase in the areas assessed, with the
exception of the gelatinosus nucleus of the thalamus. In
the medial dorsal, ventral posterior lateral, and medial
and lateral geniculate nuclei of the thalamus and in the
inferior colliculus, no differences in GFAP immunoreac-
tivity were observed between animals treated with 1.0
mg/kg DEP and the control group (P , 0.73). There were
no differences in immunoreactivity observed in the
striatum for any treatment group.

Photomicrographs of representative sections ob-
tained from the medial dorsal nuclei of control (Fig.
1A,B), TD/DEP 1.0 mg/kg (Fig. 1C,D), and TD/VEH
(Fig. 1E,F) animals are presented in Figure 1. Figure
1A,C,E shows cresyl violet-stained sections, and Figure
1B,D,F shows sections immunoreacted with GFAP. A
significant decrease in the number of neurons in the
TD/VEH (Fig. 1E) rat is evident compared with the
control (Fig. 1A) and TD/DEP-treated (Fig. 1C) rats.
GFAP immunoreactivity is increased in the section from a
TD/VEH rat (Fig. 1F) compared with the control (Fig.
1B) and the TD/DEP (Fig. 1D) rats.

Data obtained from analysis of MAO-B activity is
displayed in Figure 2. All doses of DEP resulted in
significant inhibition of MAO-B activity compared with
vehicle-treated animals (P , 0.05). Concomitant treat-
ment with pyrithiamine or thiamine did not alter the
degree of inhibition.

DISCUSSION
Results of the present study show that 0.25, 0.5, and

1.0 mg/kg/day doses of DEP delay the onset of neurologi-
cal symptoms due to TD by at least 24 hr. Histological
analysis of tissue sections obtained from control, thiamine-
deficient, and thiamine-deficient rats treated with DEP
revealed a significantly decreased neuronal loss in the
thalamus, inferior colliculus, and inferior olive of the
DEP-treated rats compared with the vehicle-treated, thia-
mine-deficient rats. The morphology as well as the
density of the neurons in the DEP-treated rats were
indistinguishable from those of control rats. These find-
ings are novel in the TD model; however, a similar degree
of cell survival after DEP treatment has been reported in
other neurotoxic and mechanical lesion models (Finnegan
et al., 1990; Ansari et al., 1993; Zhang et al., 1995).
Although counts of Nissl-stained somata can provide a
good index of neuronal loss in a brain region, it is
possible that overestimation of cellular loss may occur
due to possible atrophic changes in somal or nuclear size.
Thus, atrophic neurons may no longer meet size criteria
used to identify them. To support the Nissl data, we
employed GFAP immunoreactivity as a measure of
astrocytic proliferation on sections adjacent to the Nissl-
stained sections. In the TD/VEH-treated rats, signifi-
cantly more GFAP-positive reactive astrocytes were
evident compared with the control rats. This immunoreac-
tivity was attenuated in rats treated with all doses of DEP.
This finding is in contrast to other studies, which have
reported that DEP increases GFAP immunoreactivity in
astrocytes selectively activated through mechanical in-

TABLE I. Neuronal Cell Counts From Controls and From
Animals Treated With Either TD/VEH or TD/DEP 0.25, 0.5,
or 1.0 mg/kg/day†

Brain
area Control TD/VEH

TD/DEP
0.25 mg/
kg/day

TD/DEP
0.5 mg/
kg/day

TD/DEP
1.0 mg/
kg/day

Thalamus
AM 47 6 4 286 2* 33 6 3 326 1 436 7**
AV 47 6 4 186 3* 29 6 3* 30 6 3* 44 6 5**
GEL 456 6 9 6 2* 32 6 3* ** 29 6 1* ** 30 6 3* **
MD 42 6 4 146 1* 32 6 3** 31 6 3** 38 6 5**
VL 31 6 2 246 5 286 2 246 1 336 1
VPM 43 6 3 186 2* 29 6 4 286 2 386 4**
VPL 38 6 2 216 1* 31 6 6 346 1** 37 6 5**
MG 46 6 3 286 1* 32 6 1* 40 6 3* ** 46 6 1**
DLG 48 6 3 226 2* 33 6 4* ** 48 6 3** 48 6 2**

Infr. coll. 83 6 10 436 2* 77 6 5** 76 6 6** 87 6 11**
Infr. olive 486 2 246 2* 40 6 5** 40 6 4** 47 6 4**
Striatum 866 7 796 9 846 7 776 1 796 2

†Values represent mean cell counts6 SEM from cresyl-violet-stained
sections (20 µm thick) from five or six animals per treatment group.
TD/VEH animals received daily pyrithiamine and saline vehicle
injections. TD/DEP animals received daily L-deprenyl[(2)-deprenyl;
DEP] and pyrithiamine injections.
*Significantly different from control animals.
**Significantly different from TD/VEH (ANOVA with post-hoc Newman-
Keuls multiple comparisons;P , 0.05). AM, anteromedial nucleus; AV,
anteroventral nucleus; GEL, gelantinosus nucleus; MD, mediodorsal nucleus;
VL, ventrolateral nucleus; VPM, ventromedial nucleus; VPL, ventroposte-
rior nucleus; MG, medial geniculate nucleus; DG, dorsal lateral geniculate
nucleus; infr. coll., inferior colliculus; infr. olive, inferior olive.

TABLE II. Quantification of Glial Fibrillary Acidic Protein
Immunoreactivity From Controls and From Animals Treated
With Either TD/VEH or TD/DEP 0.25, 0.5, or 1.0 mg/kg/day†

Brain
area TD/VEH

TD/DEP
0.25 mg/
kg/day

TD/DEP
0.5 mg/
kg/day

TD/DEP
1.0 mg/
kg/day

Thalamus
AM 176 6 24* 1246 12* ** 117 6 16** 109 6 8**
AV 219 6 31* 1646 25* 1446 16* ** 106 6 12**
GEL 2206 35* 2026 27* 2186 13* 1876 21*
MD 193 6 14* 1096 11** 103 6 8** 97 6 6**
VPM 1966 23* 1466 21* 1426 14* ** 117 6 24**
VPL 1766 20* 1066 13** 100 6 6** 103 6 10**
MG 1636 23* 1416 16* 1366 13* 1066 13* **
DLG 1726 23* 1446 21* 96 6 8* ** 101 6 8**

Infr. coll. 1686 21* 1176 12** 109 6 15** 98 6 8**
Infr. olive 1756 22* 1166 8** 122 6 13** 113 6 11**
Striatum 1036 7 1066 11 986 10 1076 16

†Values represent percent of control section6 SEM (arbitrary values
obtained from computer-assisted densitometric analysis, as described
in the text) from glial fibrillary acidic protein (GFAP)-immunolabelled,
20 µm sections from five or six animals per treatment group.
*Significantly different from control animals.
**Significantly different from TD/VEH (P , 0.05; Mann-Whitney U
test). For abbreviations, see Table I.
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jury in rat brain (Biagini et al., 1993). Those authors
suggested that a possible role for the increased reactive
astrocytosis was to provide trophic support for damaged
neurons. Other than the difference in models, another
possible explanation for the lack of DEP-induced immu-
noreactivity in the TD model is that DEP protected
neurons from dying through another mechanism, such as
oxidative stress (Todd and Butterworth, 1998), and, thus,
attenuated the infiltration of activated astrocytes. Further-
more, Li and colleagues (1993) found decreased GFAP
mRNA levels in cultured glioma cells after DEP treat-
ment and postulated a transcription factor interaction
mechanism of action. Our findings of an increase in the
number of neurons and concomitantly decreased GFAP-
positive astrocytes in the DEP-treated rats compared with
the TD/VEH animals support these latter hypotheses.

Although all doses of DEP tested in the present studies
led to significant cumulative MAO-B inhibition, it is unlikely
that the mechanism by which DEPincreased cell survival was
a consequence of MAO-B inhibition. Previous reports in the
literature that assessed the protective potential of other

MAO-B inhibitors, such as MDL 72974 (Finnegan et al.,
1990) and the MAO-A and MAO-B inhibitors pargyline and
iproniazid (Ansari et al., 1993) in axotomized motoneurons,
found no increase in neuronal survival. Similarly, in a
mesencephalic primary cell culture model of NMDA-
receptor mediated excitoxicity, DEP was reported to be
neuroprotective, whereas pargyline was not, even though both
inhibited MAO-B (and MAO-A with pargyline) to the same
degree (Mytilineou et al., 1997). Furthermore, Ansari and
colleagues (1993) assessed the neuroprotective efficacy of the
S(1) enantomer of DEP and found that, although it was
administered at a dose that produced 60% inhibition of
MAO-B, no increase in neuronal survival was observed in
their axotomy model.

Because it is likely that the neuroprotection ob-
served in TD is not due to inhibition of MAO-B, other
mechanisms must be responsible. One possible mecha-
nism may involve oxidative stress in this model of cell
death. Recently, the concentrations of reactive oxygen
species were reported to progressively increase from
early to late stages in the thalamus of TD rats (Langlais et
al., 1997). Moreover, free radicals may cause cellular
damage in a variety of ways, including intersomal DNA
cleavage and apoptotic cell death, which has also been
reported recently in TD (Matsushima et al., 1997). One
likely source of free radicals in TD is microglia. It has
been suggested that microglia accumulate at sites of
neuronal damage, where they serve as central nervous
system-specific macrophages (Colton and Gilbert, 1987).
Monocytes and macrophages are known to secrete reac-
tive oxygen species, such as the superoxide anion,
hydrogen peroxide, and oxidized halides (Colton and
Gilbert, 1987, 1993; Halliwell and Gutteridge, 1989).
Recently, we reported that one of the earliest events in TD
is the proliferation of microglia (Leong et al., 1996) and
that SOD immunoreactivity is increased in thiamine-
deficient rats (Todd and Butterworth, 1998). Thus, con-
verging evidence suggests the involvement of oxygen
stress in TD, a phenomenon that has been reported to be
reduced by DEP (Wu et al., 1993) and could therefore
contribute to its neuroprotective effect.

The TD model of selective cell death is particularly
intriguing, because the areas that are vulnerable to TD,
namely, the thalamic nuclei, inferior colliculus, inferior
olive, and medial vestibular nucleus, contain fibers of
many neurotransmitter systems, including those that are
noradrenergic, dopaminergic, histaminergic, glutamater-
gic, and cholinergic. Therefore, the mechanisms by which
neuronal cells die when they are rendered thiamine
deficient does not appear to be neurotransmitter specific.
Oxidative stress and its inhibition remain particularly
attractive hypotheses for the mechanisms of neuronal cell
death in TD and the neuroprotective effects of l-deprenyl.
Further studies are underway in our laboratory to identify

Fig. 1. Representative photomicrographs of the medial dorsal
nucleus of the thalamus from control animals (CON;A,B),
from the group of animals made thiamine deficient (TD) by
receiving daily pyrithiamine and 1.0 mg/kg/day L-deprenyl
[(2)-deprenyl; DEP; TD/DEP;C,D], and from the group that
received daily pyrithiamine and saline vehicle injections (TD/
VEH; E,F). A, C, and E show sections stained with cresylviolet;
B, D, and F show glial fibrillary acidic protein (GFAP)-immunola-
belled sections. Note the absence of neurons in E (TD/VEH) and
similar densities of neurons in A (CON) and C (DEP). F (TD/VEH)
shows a high degree of GFAP immunoreactivity, whereas there is
very little present in B (CON) and D (DEP).

Fig. 2. Graphic representation of the percent inhibition of
monoamine oxidase B (MAO-B) in TD- and CON-treated
animals. Bars represent SEM. All doses of DEP resulted in
significant inhibition of MAO-B.
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the possible role of oxidative stress in TD as well as other
potentially useful neuroprotective antioxidants.
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