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zone (SGZ) of the hippocampal dentate gyrus. Th e neuro-
genesis process is modulated by many factors e.g. growth 
factors, neurotransmitters and hormones. Neuropsychi-
atric drugs, especially antidepressants, mood stabilizers 
and antipsychotics may also aff ect the dynamics of the 
origin of neuronal cells. Th e purpose of the study was 
to determine the eff ects of long-term haloperidol treat-
ment on adult rat neurogenesis at the level of canonical 
neurogenic sites. 
Materials and methods. Th e studies were carried 
out on adult male Sprague-Dawley rats. Two groups of 
animals (5 in each) received, respectively, saline and 
haloperidol (2 mg/kg/day) by intraperitoneal injection 
for 28 days. Th e number of neuroblasts was evaluated 
using immunohistochemical detection of doublecortin 
(DCX) expressing cells. Th e total number of DCX-posi-
tive cells in the neurogenic zones was counted for each 
rat (which was the sum of cells from 10 slices) and the 
results were divided per length of the studied subep-
endymal area (SGZ) and dentate gyri (SGZ) to obtain 
density of immunopositive cells per one millimeter 
of length. 
Results. Th e results indicate that haloperidol has proneu-
rogenic eff ects on the adult rat brain, especially in the 
SVZ, as the mean number of DCX-positive cells increased 
signifi cantly in SVZ and there was a similar tendency in 
the SGZ. 
Conclusions. We found that long-term treatment with 
haloperidol stimulated DCX-positive cell formation in 
the SVZ, which supports adult neurogenesis.
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abstract

Aims. Continuously active neurogenic regions in the 
adult mammalian brain are located in the subventricular 
zone (SVZ) of the lateral ventricles and the subgranular 
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Commonly used antipsychotics like olanzapine, 
haloperidol and risperidone also influence the forma-
tion of new cells in the adult mammalian brain (Daw-
irs et al. 1998, Keilhoff et al. 2010, Wakade et al. 2002, 
Wang et al. 2004). Their effect on adult neurogenesis 
is manifested by an increased number and survival of 
newly formed cells. Olanzapine and risperidone en-
hance cell proliferation in the SVZ, and in the prefron-
tal cortex, but in the case of haloperidol the number of 
BrdU labeled cells was unchanged (Wakade et al. 2002, 
Wang et al. 2004). Dawirs et al. 1998 observed neuro-
genic activity with haloperidol but only if the dose was 
very high – 15 mg daily in three separated doses. They 
showed that the number of newly formed cells in the 
SVZ region increased significantly. Both haloperidol 
and risperidone increased the survival rate of new 
neurons, mainly through an increase in the level of 
anti-apoptotic proteins (Bcl-2) and also via VEGF and 
matrix metalloproteinases (MMPs) activation (Keil-
hoff et al. 2010). The aim of the study was to determine 
the effect that the long-term administration of typical 
neuroleptic haloperidol would have on the origin of new 
neural cells in the rat brain by counting doublecortin 
(DCX)-positive cells in the canonical neurogenic sites.

((Materials and methods

The studies were carried out on adult (2 months old, 
180–220 g) male Sprague-Dawley rats from the Medical 
University of Silesia Experimental Centre housed at 22°C 
with a regular 12/12 light-darkness cycle with access to 
standard Murigan chow and water ad libitum. All pro-
cedures were approved by the Local Ethical Committee 
for Experiments on Animals at the Medical University 
of Silesia (decision no. 36/2012) and were conducted in 
a manner consistent with NIH Guidelines for the Care 
and Use of Laboratory Animals. 

Two groups of animals (5 in each) received, respec-
tively, saline and haloperidol (2 mg/kg/day, dissolved in 
isotonic sodium chloride solution) by intraperitoneal 
injection for 4 weeks. Haloperidol is a butyrophenone 
type potent antagonist of the dopamine D2 receptors 
which also affects adrenergic and serotonergic signal-
ling. 24 hours after the last drug administration the rats 
were quickly anaesthetized with isoflurane and then 
immediately sacrificed via decapitation. After that, the 
brains were excised, fixed with 4% paraformaldehyde 
PBS (pH 7.2–7.4), dehydrated, embedded in paraffin and 
finally sectioned on the microtome (Leica Microsystems, 
Germany) in the coronal planes for the SVZ and the SGZ 
(0.36 to -0.50 and -2.00 to -2.80 mm from bregma, re-
spectively) at 7 μm thick slices.

After blockage with 5% goat serum sections 
were incubated overnight with the goat antibody 
against rat doublecortin (DCX) (1:1000, Santa Cruz 

((Introduction

The canonical, continuously active neurogenic sites in 
the adult brain are located in the forebrain subventricu-
lar zone (SVZ) and subgranular zone (SGZ) of the hip-
pocampal dentate gyrus. It has been proven that adult 
neurogenesis can be regulated by numerous drug treat-
ments and diverse environmental factors. Among the 
pharmaceuticals that affect this process, special atten-
tion should be paid to those commonly used in psychiat-
ric practice, mainly antidepressants, antipsychotics and 
mood stabilizers. The neuromodulating properties of 
these drugs rely on the expression of neurotrophic fac-
tors and cellular neuroprotective mechanisms slowing 
down the neuronal death. Many antidepressants such as 
monoamine oxidase blockers (MAOI) and selective sero
tonin/noradrenaline reuptake inhibitors (SSRI/SNRI) 
may distinctly stimulate the proliferation of neural stem 
cells (NSCs) (Duman et al. 2001, Hunsberger et al. 2009). 
For instance, long-term treatment with fluoxetine and 
reboxetine highly elevates the proliferation level in the 
rat hippocampus (Malberg et al. 2000) The mechanism 
of this stimulation involves brain-derived neurotroph-
ic factor (BDNF) expression, activation of the 5HT-1A 
receptor (Jacobs et al. 1998) and the induction of the 
cAMP pathway through an increase in cAMP response 
element-binding protein (CREB) fosforylation (Duman 
et al. 2001). Previous studies have shown that mood 
stabilizers have also a positive impact on the course of 
adult neurogenesis e.g. valproate and lithium, which 
indirectly regulate several neuroprotective factors such 
as BDNF and bcl-2 expression or protein kinase C activ-
ity (Manji et al. 2002). Moreover, lithium inhibits the 
GSK-3β (glycogene synthase kinase 3β) pathway and 
raises the β-catenin level (Fiorentini et al. 2010). The 
β-catenins facilitate the synthesis of key growth factors 
including IGFs, BDNF and VEGF, which directly stimu-
late the proliferation and survival of newborn neurons 
(Wada et al. 2009). Some reports indicate that brain-spe-
cific angiogenesis inhibitor 2 (BAI2) may also influence 
hippocampal neurogenesis (Okajima et al. 2011).

In turn, numerous drugs negatively influence adult 
neurogenesis, e.g. opiates and anxiolytics. For instance, 
long-term morphine or heroin use decreases the rate 
of proliferation and viability of the new neurons in the 
adult rat hippocampus (Eisch et al. 2000). Phenobar-
bital and clonazepam may also inhibit neurogenesis 
in the SVZ; however their effects were observed in 
young immature rats only, but negative changes were 
still present in adults, even after the discontinuation 
of treatment (Chen et al. 2009). It is worth noting that 
cyclooxygenase-2 inhibitors (COX-2) – nimesulide and 
meloxicam – are also strong inhibitors of neurogenesis. 
They can completely depress neurogenesis in the SVZ 
after 5-days of administration, probably by reducing 
the activity of microglia (Goncalves et al. 2010). 
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formation for the SVZ was 21.11%. All relatively densely 
packed DCX-immunoreactive neuroblasts were located 
beneath the wall of the lateral ventricles (Fig. 1 C,D). The 
mean density of DCX-immunopositive cells in the SGZ 
was 107.6 ± 46.69 for animals treated with haloperidol 
and 71.62 ± 16.67 for the control group (p = 0.286, z = 
0.866; Fig. 2). Consequently, the increase in neuroblast 
formation in the SGZ was 33.5%. However, this result 
turned out to be statistically insignificant. In analyzed 
slices containing the SGZ, neuroblasts were dispersed 
in the subgranular zone of the dentate gyrus and ( con-
trarily to the SVZ) did not form any clustered forms 
(Fig. 1 E,F).

((Discussion

Two groups of neuroleptics have so far been used in 
experimental studies: a group of atypical antipsychot-
ics (olanzapine, clozapine, risperidone) and a group 
of typical neuroleptics – mainly haloperidol (Dawirs 
et al. 1998, Keilhoff et al. 2010, Wakade et al. 2002, Wang 
et al. 2004, Halim et al. 2004). The previous studies 
have provided unclear data about the positive effects 
of haloperidol on neurogenesis. In the current experi-
ment, with the use of immunohistochemical stainings 
we have been able to show the differences in the num-
ber of neuroblasts in the classical neurogenic areas in 
the experimental vs. control group. The first studies 
on the effects of haloperidol on cell proliferation were 
performed on young rats (11-days old) by Backhouse 
et al. 1989; they reported that 24 hours after drug ad-
ministration (a single dose of 20 mg/kg) the number of 
newly formed cells decreased by about 50%. Our data 
shows the stimulatory impact of haloperidol on neu-
rogenesis in adult rat brain. The pharmaceuticals were 
administered intraperitoneally for 28 days in a daily 
dose of 2 mg/kg. This resulted in significantly increased 
neuroblast formation in the SVZ region, suggesting 
that haloperidol positively modulates neurogenesis in 
this brain region. Besides the number of cells we have 
also determined their locality. Qualitative analysis of 
brain slices has revealed that a large concentration of 
new neuroblasts is present in the region just under the 
ependymal lining of the lateral ventricles. The highest 
density of new cells was observed in the anterior part 
of the ventricles, where the rostral migratory stream 
(RMS) begins. Comparing brain slices from experi-
mental and control groups there were no significant 
differences in the locality of neuroblasts. The data on 
the neurogenic effect of haloperidol published so far are 
ambiguous. Keilhoff et al. showed a potent increase of 
cell proliferation in the SGZ after a 10 day-long adminis-
tration of a low (0.078 mg/kg) dose of haloperidol. That 
result indicates a higher proliferation potential than 
we found in our study. Similar results were obtained 

Pharmaceuticals). Primary antibodies were followed 
by biotynylated goat anti-rabbit secondary antibod-
ies, and then an avidin-biotin-horseradish peroxidase 
complex (Vectastain ABC kit, Vector Labs). Finally, 
3,3’-diaminobenzidine (DAB) was used to complete 
the reaction. All sections were mounted on glass 
slides, dehydrated and coverslipped. Additionally, af-
ter overnight incubation with primary antibodies for 
DCX, several brain sections were kept in darkness with 
secondary antibodies labeled with FITC (1:200, Abcam) 
and then mounted on slides with a DAPI-containing 
medium. For the calculation of DCX-positive cells, 
10 slices (every tenth one) per rat for each brain re-
gion were used. All images (8 per slice) were captured 
with Nikon Coolpix optic systems and processed us-
ing Image ProPlus software (Media Cybernetics, USA). 
Anatomically comparable sections were analyzed and 
immunopositive cells were counted using ImageJ 1.43u 
software. We counted the total number of DCX-posi-
tive cells in the neurogenic zones for each rat (which 
was the sum of cells from 10 slices) and then divided 
the results per length of the analyzed subependymal 
regions (SGZ) and dentate gyri (SGZ) to obtain density 
of immunopositive cells per one millimeter of length. 
Data are presented as mean ± standard error of the 
mean (SEM). The relatively small number of animals 
examined may be a limitation of our study.

Statistical analyses were performed using Statisti-
ca (Systat Software). Mean differences between exper-
imental groups were analyzed using the non-parametric 
Kruskall-Wallis test. Differences were considered statis-
tically significant at p ≤ 0.05.

((Results

The mean density of DCX-immunopositive cells in the 
SVZ of animals exposed to haloperidol was 474.19 ± 32.27, 
whereas in control slices it was 374. 5 ± 36.32 (p = 0.043, 
z = 2.021; Fig. 2). Thus, the increase in neuroblast 

Figure 2  Number of doublecortin (DCX)-positive cells in the SVZ and 
SGZ after haloperidol administration. Values are expressed as means  
± SEM. Differences between experimental groups were analyzed using 
non-parametric Kruskall-Wallis test. p < 0.05 is considered as statisti-
cally significant.
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Figure 1  Doublecortin (DCX) immunopositive cells in the SVZ and SGZ. Fluorescence; DCX-expressing cells (red) in the SVZ after treatment 
with haloperidol (A), merged with DAPI (B, arrows). Classical DAB-immunostaining in the SVZ; controls and experimental animals (C and D) 
in the SGZ (E and F) respectively. Insets show the cell morphology under higher magnifications. Scale bars: 50 μm (A,B), 100 μm (C-F) 20 μm 
(all insets).
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neurogenic potential than haloperidol (Wang et al. 
2004). The proneurogenic effect of haloperidol is caused 
by the inhibition of dopamine D2 receptors. NSCs in the 
adult rat brain have the D2 receptors in the cytoplasmic 
membrane, and their stimulation suppresses cell prolif-
eration. Haloperidol, acting as a D2 receptor antagonist, 
prevents the negative effect of dopamine on NSCs mi-
totic potential (Kippin et al. 2005). Haloperidol can also 
increase the level of prolactin, which has proneurogen-
ic properties and increases neurogenesis in pregnant 
mice (Shingo et al. 2003). Prolactin may act directly 
through its receptors located on NSCs, and indirect-
ly by increasing the expression of the anti-apoptotic  
Bcl-2 protein (Torner et al. 2009). Moreover, haloperi-
dol increases expression of the MMPs and nerve growth 
factor (NGF), which influences the proliferation and 
survival of NSCs in the hippocampus (Keilhoff et al. 
2010). On the other hand haloperidol reduces the level 
of BDNF, choline acetyltrasferase and tyrosine hydrox-
ylase (TOH) in the cortex and ventral pallidum (Parikh 
et al. 2004, Meredith et al. 2004). However, it should 
be emphasized that a decreased level of neurotrophins 
does not necessarily suppress adult neurogenesis 
(Nandra and Agius 2012). Conversely, some evidence 
suggests that haloperidol may increase the level of the 
proapoptotic proteins Bax and p53 as well as reactive 
oxygen species (ROS) to stimulate neuronal apoptosis 
in the hippocampus (Lezoualc’h et al. 1996, Sagara 1998, 
Post et al. 2002). It should also not be excluded that our 
results reflect, rather, a development of tolerance to 
haloperidol-induced catalepsy/sedation and alterations 
in neurogenesis secondary to the behavioural effects of 
the drug. Further studies are needed to reveal whether 
the observed effect of haloperidol on DCX-positive cell 
formation is due to increased proliferation, reduced 
apoptosis or both processes.

((Conclusions

The results cautiously but clearly indicate that the long 
term administration of haloperidol can support adult 
neurogenesis in the rat SVZ. In the future, it would also 
be of interest to study in detail the features and fate 
of newly formed neurons in both the SVZ and the SGZ 
after treatment with classical and atypical neuroleptic  
medications. � ■

by Dawirs et al. 1998, who showed a high increase of 
the number of newly formed neural cells in the rat SGZ 
after a one-day long drug administration. However, in 
his experiment the drug was delivered 3 times a day at 
a 5 mg/kg dose. Thus, the daily dose used was 25 times 
higher than in Keilhoff’s experiment and 7.5 times 
higher than in our experiment. The positive effect of 
haloperidol was also observed in the rat cellular model, 
where the haloperidol was delivered for 14 and 30 days 
with subcutaneous osmotic pumps at a daily dose of 
0.05, 0.25 and 2.00 mg/kg and the number of primary 
neurospheres derived from forebrain lateral ventricle 
subependyma was determined to index the quantity 
of in vivo neural stem cell proliferation (Kippin et al. 
2005). Some other studies also confirm the positive ef-
fect of haloperidol, and additionally show that the most 
BrdU positive cells express such markers as neuronal 
nuclear antigen (NeuN), doublecortin (DCX), nestin 
and glial fibrillary acid protein (GFAP) (Keilhoff et al. 
2010). A number of the published papers provide incon-
sistent results with regard to the proneurogenic effect 
of haloperidol. Wang et al. did not show any proneuro-
genic effect of haloperidol, although they administered 
l a haloperidol dose identical to that in our experiment 
(Malberg et al. 2000, Wang et al. 2004). However, it 
should be underlined that they administered the drug 
for a shorter period (3 weeks). Wakade et al. also did 
not obtain a positive effect of haloperidol, but they used 
smaller dose of the drug (0.4 mg/kg), administered for 
21 days. The protocols of drug administration differ 
from study to study, so it is difficult to formulate objec-
tive conclusions. However, we suggest that the highest 
impact on the cell proliferation is made by the long-
term administration of drug at a dose of 2 mg/kg. The 
proneurogenic effects of haloperidol can be compared 
with other antipsychotics which have an influence on 
neural proliferation in the adult brain. For example, 
both risperidone and olanzapine are able to increase 
proliferation potential in the SVZ by 2–3 times (Wakade 
et al. 2002). In another study the neurogenic effect of 
olanzapine was very weak (a few percent) and limited 
to the striatum (Wang et al. 2004). After clozapine ad-
ministration, a great increase in cell proliferation was 
observed in the dentate gyrus (Halim et al. 2004). Com-
paring the proneurogenic effects of haloperidol with 
other antipsychotic medications, it has to be stated that 
risperidone, clozapine and olanzapine have a higher 
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