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The generation of new cells in the adult mammalian brain may significantly modify pathophysiological processes in neuropsychiatric

disorders. We examined the ability of chronic treatment with the antipsychotic drugs (APDs) olanzapine and haloperidol to increase the

number and survival of newly generated cells in the prefrontal cortex (PFC) and striatal complex of adult male rats. Animals were treated

with olanzapine or haloperidol for 3 weeks and then injected with 5-bromo-20-deoxyuridine (BrdU) to label mitotic cells. Half of the

animals continued on the same APD for two more weeks after BrdU challenge, with the other half receiving vehicle during this period.

Olanzapine but not haloperidol significantly increased both the total number and density of BrdU-labeled cells in the PFC and dorsal

striatum; no effect was observed in the nucleus accumbens. Continued olanzapine treatment after the BrdU challenge did not increase

the survival of newly generated cells. The newly generated cells in the PFC did not express the neuronal marker NeuN. Despite the

significant increase in newly generated cells in the PFC of olanzapine-treated rats, the total number of these cells is low, suggesting that

the therapeutic effects of atypical APD treatment may not be due to the presence of newly generated cells that have migrated to the

cortex.

Neuropsychopharmacology (2004) 29, 1230–1238, advance online publication, 14 April 2004; doi:10.1038/sj.npp.1300449

Keywords: BrdU; dentate gyrus; haloperidol; nucleus accumbens; olanzapine; prefrontal cortex; striatum

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

INTRODUCTION

It now is clear that various forms of structural plasticity,
including the generation of new neurons and glia, are
ongoing processes in the mammalian adult brain (Gross,
2000). Most studies of neurogenesis have focused on the
dentate gyrus (DG) of the hippocampus, where a significant
number of newly generated neurons are seen in adult
rodents and primates, including humans (Kuhn et al, 1996;
Eriksson et al, 1998; Nilsson et al, 1999). Less clear is
whether newly generated cells in the cortices of normal
adult primates are neurons or other types of cells (Gould
et al, 1999b; Kornack and Rakic, 2001; Bernier et al, 2002;
Koketsu et al, 2003).

Neurogenesis and gliogenesis can be induced in the adult
brain by environmental manipulations and various phar-
macological treatments (Kempermann et al, 1997; Gould
et al, 1999a; Nilsson et al, 1999; Yang et al, 2002; Ehringer
and Kempermann, 2003). These studies have led to the

suggestion that the generation of new cells may modify
pathophysiological processes in some neuropsychiatric
disorders. This idea has been best explored in depression,
which is linked to a decrease in neurogenesis in the DG,
while treatment with various antidepressants increases
neurogenesis in this region (Brown et al, 1999; Jacobs
et al, 2000; Malberg et al, 2000; Duman et al, 2001;
Kempermann, 2002; Santarelli et al, 2003).

These considerations have fueled speculation that similar
changes may be involved in the therapeutic actions of
antipsychotic drugs (APDs) in schizophrenia (Konradi and
Heckers, 2001). In vivo imaging studies have reported
decreased prefrontal cortical volume in schizophrenia
(Hirayasu et al, 2001; Selemon et al, 2002), and a recent
multicenter study of first-episode schizophrenic subjects
has concluded that treatment with the atypical APD
olanzapine, but not a typical APD, slows the progressive
loss of gray matter volume (Lieberman et al, 2003a). A
slowing or reversal of the cortical volume loss in schizo-
phrenia by appropriate APD treatment could involve an
increase in the number of newly generated cortical cells.

Wakade et al (2002) recently reported that the atypical
APDs olanzapine and risperidone, but not the typical APD
haloperidol, increased the number of newly generated cells
in the subventricular zone (SVZ) of rats. Their study
focused on the SVZ, from which cells destined to migrate to
distal targets derive, but did not examine any parenchymal
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sites. As therapeutic effects attributable to neurogenesis
may reflect actions in specific brain regions to which cells
have migrated from the SVZ, we determined if chronic
treatment with the atypical APD olanzapine or the typical
APD haloperidol could modify the number of newly
generated cells in the prefrontal cortex (PFC), striatum, or
nucleus accumbens (NAS) of the rat. We also examined the
DG, a region in which neurogenesis is elicited by
antidepressant treatment.

MATERIALS AND METHODS

Animals and Drug Treatments

All experiments were conducted in accordance with
National Institutes of Health’s Guide for the Care and Use
of Laboratory Animals. Male Sprague–Dawley rats (Harlan;
Birmingham, AL) approximately 80 days of age at the start
of the experiment were maintained under a 12 h light–dark
cycle (light on at 0600), with ad libitum access to food and
water.

Animals were treated for 3 weeks with haloperidol (target
dose 2.0 mg/kg/day; n¼ 12) or olanzapine (target dose
10 mg/kg/day; n¼ 12), prepared in the drinking water to
which 0.75% sucrose was added to enhance palatability or
the sucrose vehicle (n¼ 6). The targeted drug doses were
chosen on the basis of previously discussed considerations
(Bubser and Deutch, 2002), modified to account for drug
delivery over the full 24 h rather than an acute single dose.
The APD concentration in the drinking solution was
changed every other day, based on the fluid intake over
the previous 2 days, to try to achieve the targeted dose.
Average daily intakes at the end of the experiment were
1.97 mg/kg/day for haloperidol and 8.63 mg/kg/day for
olanzapine. After 3 weeks of APD treatment, the animals
were then injected with 5-bromo-20-deoxyuridine (BrdU), a
thymidine analogue that is incorporated into DNA as
bromouracil during the S phase of the cell cycle (Miller and
Nowakowski, 1988), in order to label newly generated cells.
Rats received three intraperitoneal injections of BrdU
(75 mg/kg, dissolved in 45% cyclodextrin in saline) spaced
8 h apart.

The great majority of BrdU-labeled cells in the adult die
soon after their generation (Dayer et al, 2003). As it is
possible that APDs may promote the survival of newly
generated cells, half of the rats treated with haloperidol in
the 3 weeks prior to BrdU injection continued to receive
haloperidol for another 2 weeks (H–H; n¼ 6), with the
remaining half of the animals switched to vehicle for this
period (H–V). A similar procedure was followed for
olanzapine-treated rats, resulting in two groups of animals,
O–O and O–V (n¼ 6 for each group). Finally, three rats
not treated with any drug were injected with BrdU and
then killed the following day, both to serve as a positive
control and to gain some insight into the degree to which
acutely generated cells were distributed. Animals were
deeply anesthetized, perfused with 4% paraformaldehyde
in phosphate buffer, and the brains removed and
postfixed.

Immunohistochemistry

Coronal sections were cut serially through the forebrain at
50 mm on a vibrating microtome. Every sixth section in
series of sections through the rostrocaudal extent of the
PFC, precommissural striatal complex, and dorsal hippo-
campus was processed to reveal BrdU-labeled cells using
immunoperoxidase methods. Sections were incubated in 1%
hydrogen peroxide in 50 mM Tris-buffered saline (TBS) for
10 min, rinsed in 0.2% Triton X-100 in TBS for 15 min, and
then incubated for 30 min in 2 N HCl in order to access the
BrdU (Miller and Nowakowski, 1988) before being neu-
tralized in 0.1 M sodium borate buffer (pH 8.5). The
sections were incubated in 4% normal horse serum for
30 min to reduce nonspecific staining, after which they were
incubated in mouse anti-BrdU (1:1000; BD Bioscience
Pharmingen, San Diego, CA) for 2 days at 41C. The sections
were then incubated in biotinylated donkey anti-mouse
(1:1000; Jackson ImmunoResearch Laboratory, West Grove,
PA) followed by streptavidin–HRP (1:1600; Jackson) for
90 min, and visualized using diaminobenzidine containing
0.3% cobalt chloride/3% nickel ammonium sulfate with
hydrogen peroxide to yield a black reaction product.

To examine the distribution of BrdU-labeled cells in the
striosome (patch) and matrix compartments of the stria-
tum, sections were processed to reveal BrdU using the
immunoperoxidase method described above, and then
incubated overnight in a rabbit anti-m-opioid receptor
antibody (1:20 000; Diasorin, Inc., Stillwater, MN). The
sections were incubated in donkey anti-rabbit IgG (1:100,
Jackson ImmunoResearch Laboratories) followed by rabbit
PAP (1:200; Sternberger Monoclonals Inc., Lutherville, MD),
and developed in diaminobenzidine to yield a brown
reaction product.

Other sections were developed using an immunofluor-
escent double-labeling protocol to determine if BrdU-
labeled cells were neurons. Sections were incubated for 2
days in a cocktail of antibodies directed against neuronal
marker NeuN (1:200; Chemicon, Temecula, CA) and BrdU
(1:100; Serotec Ltd, Kidlington, Oxford, UK). The sections
were then washed and incubated in a mixture of Cy2-
conjugated anti-rat IgG and Cy3-conjugated anti-mouse
secondary antibodies (1:200; Jackson ImmunoResearch),
washed, mounted, and coverslipped.

Data Analysis

Brain sections were viewed under a microscope and the
image was imported into NIH Image 1.62. The borders of
the relevant brain area were outlined and the area occupied
was calculated and expressed in mm2. The regions
examined were the PFC (prelimbic and infralimbic areas),
NAS (core and shell), dorsal precommissural striatum
(except for the area with 150 mm of the ventricular wall),
and DG. BrdU-labeled cells were counted in every sixth
section collected through the entire region of interest. The
number of cells per section were determined and multiplied
by six to estimate the total number of cells. The density of
BrdU-labeled cells (number of cells/mm2) was also calcu-
lated. The cell counting and calculations were carried out by
a person unaware of the treatment condition of the animal.
Data were analyzed using analysis of variance (ANOVA)
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with subsequent LSD tests when indicated. A w2 test was
used to compare the percentages of BrdU-labeled cells in
the striatal patch and matrix.

Confocal microscopy was used to evaluate if BrdU-labeled
cells also expressed NeuN. Images of BrdU- and NeuN-
immunoreactive elements were obtained on a Zeiss LSM510
laser scanning confocal microscope and merged. Using the
Zeiss LSN Image Browser 3.20, the images were rotated in
three dimensions to determine if the BrdU-labeled nucleus
was localized to one cell and not to an underlying or
adjacent cell (see Kornack and Rakic, 2001).

RESULTS

Control animals acutely injected with BrdU and then killed
24 h later expressed a large number of BrdU-labeled cells in
the SVZ, many more than seen in animals allowed to survive
2 weeks after BrdU injection (see Figure 1). We observed
fewer BrdU-labeled cells in the PFC, NAS, and striatum of
vehicle-treated animals surviving for 2 weeks after BrdU
administration; we did not see BrdU-labeled cells in the
cortex or striatal complex of animals killed the day after
BrdU administration.

Figure 1 Representative photomicrographs of BrdU-labeled cells in the forebrain. Few BrdU-labeled cells are seen in the medial PFC of a vehicle-treated
animal (a). In contrast, many BrdU-positive cells are seen in the PFC of a rat treated with olanzapine for 5 weeks (arrows, b). Fewer BrdU-labeled cells are
seen in the striatum (c) of an olanzapine-treated rat. The SVZ of an animal treated with BrdU and killed the next day is filled with BrdU-labeled (double
arrows) cells (d), many more than are seen in (c), in which the animal was killed 2 weeks after BrdU challenge. BrdU-positive cells (arrows) are seen in both
the m-opioid-receptor-immunoreactive patch (darker gray) and matrix (lighter surround) of animals treated with olanzapine (e).
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Prefrontal Cortex

BrdU-labeled cells were seen throughout the medial wall of
the PFC of the vehicle-treated rats, but were somewhat more
frequently encountered in the ventral part of the PFC. Thus,
the average density of BrdU cells in the infralimbic cortex
was 2.2570.69 cells/mm2, in the prelimbic cortex
1.7070.56 cells/mm2, and 0.8270.24 cells/mm2 in the
shoulder cortex (see Figure 1). Chronic administration of

olanzapine but not haloperidol increased the number of
BrdU-labeled cells (F4,19 ¼ 3.29, p¼ 0.032) and the density
of BrdU-labeled cells (F4,21 ¼ 4.09, p¼ 0.013) in the PFC (see
Figures 1 and 2). Rats treated with olanzapine for 3 weeks
and subsequently with vehicle for the 2 weeks after BrdU
injection (O–V) displayed a significant increase in the total
number and the density of BrdU-labeled cells compared to
the vehicle-treated control rats (Figure 2). In those animals
treated with olanzapine for the 3 weeks prior to BrdU

Figure 2 Effects of haloperidol and olanzapine on the total number (left) and the density (right) of BrdU-labeled cells in PFC, striatum (CP), NAS, and DG.
Animals treated with haloperidol for 3 weeks, injected with BrdU on day 21, and then treated with vehicle for 2 additional weeks are designated as H–V. The
group of similarly treated olanzapine rats is designated as O–V. Animals that received haloperidol and olanzapine both before and after BrdU injections are
labeled H–H and O–O, respectively. *po0.05, **po0.01 relative to vehicle-treated animals (V).
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challenge and then continued on olanzapine for 2 additional
weeks (O–O), the density of BrdU-labeled cells was
significantly increased. There was a trend toward an
increase in the total number of BrdU-treated cells that did
not reach statistical significance (p¼ 0.0542). No increase in
either the total numbers or densities of BrdU-labeled
prefrontal cortical cells in haloperidol-treated (H–V and
H–H) rats was found (Figure 2).

Examination of dual-label immunofluorescence material
failed to demonstrate newly generated (BrdU) cells with a
neuronal phenotype (NeuN) in the PFC (see Figure 3).

Striatal Complex

Cells containing BrdU were observed in both the dorsal and
ventral striatum. In the dorsal striatum (caudatoputamen)
of the vehicle-treated rat, there appeared to be a crude
rostrocaudal gradient in the density of BrdU-labeled cells.
However, the variability precluded any statistically signifi-
cant differences from being uncovered (anterior striatum
(AP: þ 1.6 according to the atlas of Paxinos and Watson,
1998): 1.2970.6 BrdU cells/mm2; central striatum (AP:
�0.26): 0.7070.25; posterior striatum (AP: �1.30):
0.4670.18). There were no differences in the density of
BrdU-labeled cells between the medial (0.9870.27 BrdU
cells/mm2) and the lateral (1.0270.46) striaturm (at AP:
�0.26).

ANOVA revealed overall significant increases in the
number (F4,21 ¼ 5.36, p¼ 0.004) and density (F4,21 ¼ 6.90,
p¼ 0.001) of BrdU-labeled cells in the dorsal striatum.
Significant increases in both the total numbers and densities
of BrdU-labeled cells were uncovered for both the O–V and
O–O groups compared to the control groups. In contrast,
there was no effect of haloperidol on the numbers or
densities of BrdU-labeled striatal cells (see Figure 2). We did
not observe any significant increase in the numbers or
densities of BrdU-labeled cells in NAS of animals treated
under either of the haloperidol or olanzapine protocols.

In order to determine if BrdU-labeled cells in the striatum
were differentially distributed to the patch and matrix
compartments, we determined the number of BrdU-labeled
cells per unit area in the m-opioid-receptor-defined patch
and the m-opioid-receptor-negative matrix of rats treated
with olanzapine or haloperidol for the entire 5 weeks of the
experimental design (see Figure 3). The percentage of the
total number of striatal BrdU-labeled cells in the patch
compartment was 13.271.5% in the olanzapine-treated
rats, 10.770.9% for the haloperidol-treated subjects, and
17.270.8% for the vehicle control group. A w2 test revealed
no significant difference of the percent of BrdU-labeled cells
in the patch compartment of either olanzapine (p¼ 0.30)-
or haloperidol (p¼ 0.08)-treated groups compared to
vehicle-injected rats.

Dentate Gyrus

BrdU-labeled cells were seen in the DG of all groups of
animals. The average number of BrdU-labeled cells was
significantly greater in the medial (70.0720.5) than lateral
(12.075.0) DG, but did not differ significantly between
dorsal (45.0714.3) and ventral (51.0719.9) blades of the
DG. Confocal microscopy revealed that some of the BrdU-
labeled cells in the DG were neuronal, as reflected by
colocalization with NeuN (see Figure 3). However, ANOVA
revealed that APD treatment did not alter the numbers
(F4,21¼ 1.39, NS) or densities (F4,21 ¼ 1.86, NS) of DG BrdU-
labeled cells. Although visual inspection of the data suggests
that olanzapine may have some effect in the DG, the lack of
significance in the ANOVA does not justify a post hoc test.

DISCUSSION

Chronic administration of olanzapine but not haloperidol to
adult male rats resulted in the generation of new cells that

Figure 3 Confocal images of BrdU (green)- and NeuN (red)-labeled
cells in the DG (a) and PFC (b) of adult rats treated with olanzapine. BrdU-
positive cells with a neuronal phenotype (yellow–orange), as reflected by
NeuN immunoreactivity, are observed in the DG (arrows), but not in the
PFC, where BrdU-immunoreactive nuclei are located near but not
coincident with NeuN.
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migrated to the PFC and striatum. Olanzapine treatment
during the period after BrdU administration did not
increase the survival of newly generated cells. There was
no significant change in the numbers or densities of newly
generated cells in NAS or DG.

Distribution of Newly Generated Cells

BrdU-labeled cells were found throughout the medial PFC
and dorsal striatum of rats chronically treated with APDs.

In the medial PFC, BrdU-labeled cells were seen most
frequently in the infralimbic and prelimbic cortices, with a
clear ventral-to-dorsal gradient in cell number across the
medial PFC. The BrdU-labeled cells of the PFC were
scattered across all layers, with no apparent laminar
distribution of these cells. The distributions of BrdU-
labeled cells appeared to be similar in animals from
different treatment conditions, suggesting that specific
laminar or subareal analyses would not uncover any
significant additional information.

In the dorsal striatum, there appeared to be a crude
rostrocaudal gradient in the distribution of BrdU-labeled
cells, consistent with a report in a non-human primate
species (Bernier et al, 2002); no mediolateral gradient was
apparent. In the ventral striatum, BrdU-labeled cells
appeared to be more numerous in the shell of NAS than
in the core, particularly in the dorsomedial shell. We were
somewhat surprised to find that olanzapine but not
haloperidol increased the number of newly generated cells
in the dorsal striatum. Haloperidol but not atypical APDs
such as olanzapine alters dopamine release and immediate-
early gene expression in the dorsolateral striatum (Deutch
et al, 1992; Robertson et al, 1994; Youngren et al, 1999).
Moreover, treatment of psychotic patients with typical but
not atypical APDs increases striatal volume (Corson et al,
1999), and typical but not atypical APDs are associated with
a high rate of extrapyramidal side effects, which have long
been related to striatal D2 receptor occupancy. We therefore
predicted that typical but not atypical APDs would increase
the number of BrdU-labeled cells in the striatum.

The finding that olanzapine but not haloperidol increased
newly generated cells in the striatum may possibly reflect
nonmotor effects of olanzapine. As the striatal matrix
compartment has been suggested to be associated with
motor function, with the patch (striosome) more related to
affective and cognitive function (Moratalla et al, 1992;
White and Hiroi, 1998; Bubser and Deutch, 2002), we
examined the compartmental distribution of striatal BrdU-
labeled cells in olanzapine-treated rats. There was no
difference across treatment conditions in the distribution
of BrdU-labeled cells in the patch and matrix. Moreover, the
percentages of BrdU-labeled cells in the patch and matrix
agree with values predicted by the area of the striatum
occupied by patch (B15%) and matrix (B85%) compart-
ments in mammals (Johnston et al, 1990).

Consistent with the previous reports, BrdU-labeled cells
in the hippocampus were relatively common in the DG;
there was a clear mediolateral gradient in the numbers of
BrdU-labeled DG cells, but no difference between dorsal and
ventral blades of the DG.

Phenotype of BrdU-Labeled Cortical Cells

Newly generated neurons in the adult DG extend axons and
form synaptic contacts with other neurons (Stanfield and
Trice, 1988; Markakis and Gage, 1999). However, there is
considerable controversy concerning the phenotype of
newly generated cells in other areas of the brain, including
neocortex. Some groups have reported that many BrdU-
labeled cells in cortical regions of non-human primates are
neurons (Gould et al, 1999b; Bernier et al, 2002), but these
claims have been challenged by other groups who could find
no evidence of neurogenesis in adult primate cortex
(Kornack and Rakic, 2001; Koketsu et al, 2003). There are
similar discrepancies concerning cortical neurogenesis in
normal rodents (Gu et al, 2000; Jiang et al, 2001; Parent et al,
2002; Ehringer and Kempermann, 2003); most studies that
have reported the presence of newly generated cells in the
rodent cortex examined animals subjected to transient
ischemia, that is, rodents in which there was cortical
damage.

We did not observe BrdU-labeled cells in the PFC that
were clearly double labeled with NeuN, using both
conventional and confocal microscopy. In contrast, we
observed double-labeled BrdU-NeuN cells in the DG,
confirming previous studies (Eriksson et al, 1998; Ehringer
and Kempermann, 2003). It is possible that we did not
detect BrdU-labeled neurons in the PFC because we only
examined NeuN, which is a marker of mature neurons, but
not proteins such as TUC4 and double cortin, which are
found in immature neurons. However, because all animals
survived for 2 weeks after BrdU labeling, it is reasonable to
posit that newly generated cells would have matured
sufficiently during this period to expresses NeuN. We did
not explore markers of different types of glia because there
was insufficient tissue remaining at the end of the
experiment. However, it is interesting to note that recent
data suggest that there may be defects in cortical myelina-
tion in schizophrenia (Bartzokis, 2002; Davis et al, 2003b).
Thus, it is possible that new oligodendrocytes induced by
chronic atypical APD treatment might prove therapeutically
beneficial.

Survival of Newly Generated Striatal and Cortical Cells

We treated rats with APDs for 3 weeks prior to BrdU
challenge. We then either continued the APD treatment for
2 additional weeks or gave the rats vehicle during this
period. This design allowed us to determine if the APD
treatment increased the survival of cells that were under-
going mitosis, since most newly generated cells are transient
(Gould et al, 2001). The numbers or densities of BrdU-
labeled cells did not differ significantly between rats treated
during the 2-week post-BrdU period and those rats
that received vehicle after BrdU challenge. This suggests
that atypical APD treatment, which increases the numbers
of newly generated cells in the cortex and striatum, does
not enhance survival of these new cells. Thus, if olanzapine
reduces symptomatology by increasing newly generated
cells in the cortex or striatum, continued treatment
with the APD would be required to sustain therapeutic
benefit.
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Mechanisms of APD Actions on Genesis of New Cells

The mechanisms that account for the ability of olanzapine
but not haloperidol to increase BrdU-labeled cells in the
cortex and striatum are not clear. In vitro studies suggest
that dopamine inhibits cellular proliferation, as assessed by
BrdU labeling, and that this effect is blocked by D2 but not
D1 antagonists (Arita et al, 1998; An et al, 2003). As
haloperidol is a potent D2 antagonist but does not increase
BrdU-labeled cells, it is unlikely that D2 receptor antagon-
ism accounts for the effects of olanzapine. Atypical APDs
such as olanzapine have a high affinity for the 5-HT2A

receptor, but there are no data on the effects of selective 5-
HT2A agents on cell generation in the brain. Olanzapine and
several other atypical APDs are also 5-HT1A agonists, which
exert antidepressant effects in animal models of depression
and induce BrdU labeling in the DG (Radley and Jacobs,
2002; Santarelli et al, 2003). However, we did not find a
significant increase in BrdU labeling in the DG of rats
treated with olanzapine, although a trend was noted.
Further work will be required to unravel the receptor
mechanisms that subserve olanzapine-induced BrdU label-
ing in the forebrain.

Functional Implications

It is clear that the brain is far more plastic than thought
previously. Among the mechanisms that can allow for
remodeling of disturbed circuitry is the generation of new
cells in the CNS. These cells would either have to integrate
into existing neuronal circuitry, as has been demonstrated
in the hippocampus (Stanfield and Trice, 1988; Markakis
and Gage, 1999), or alternatively produce trophic factors or
other signaling molecules that can act in a paracrine
manner. We found that treatment with an atypical but not a
typical APD increased the numbers and densities of newly
generated cells in the PFC and striatum. The ability of
olanzapine but not haloperidol to increase the generation of
new cells in the cortex is consistent with the therapeutic
profiles of these drugs: many but not all studies suggest that
atypical APDs are more effective in reducing negative
symptoms and improving cognitive function, both of which
have been associated with PFC dysfunction (Meltzer and
McGurk, 1999; Geddes et al., 2000; Wahlbeck et al, 2000;
Bilder et al, 2002; Conley and Kelly, 2002; Bobes et al, 2003;
Davis et al, 2003a, b; Gur et al, 2003; Leucht et al, 2003;
Lieberman et al, 2003b; Moncrieff, 2003; Rosenheck et al,
2003; Weickert et al, 2003; Woerner et al, 2003).

The absolute number of BrdU-labeled cells in the PFC and
striatum, while significantly increased in olanzapine-treated
rats, is nonetheless quite small: the density of BrdU-positive
PFC cells in rats treated continuously with olanzapine is
about 4 cells/mm2. It is possible that the administration of
higher doses of BrdU would increase the number of cortical
and striatal BrdU-labeled cells (see Cameron and McKay,
2001), or that examination at a shorter interval after BrdU
challenge would reveal more cells. Continuous administra-
tion of APDs for a longer period of time might also increase
the numbers of newly generated cells.

Nonetheless, the number of newly generated cells in
olanzapine-treated animals is so small that it is difficult
to envision that these non-neuronal elements would

significantly contribute to symptomatic improvement.
However, APD treatment, particularly treatment with
olanzapine and other atypical APDs, causes a marked
increase in the numbers of BrdU-labeled SVZ cells (Wakade
et al, 2002). It is possible that these cells, which are not in
brain areas thought to be involved in schizophrenia, can
elaborate trophic factors and thereby elicit changes in
distant areas of the brain, such as the PFC.
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