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Abstract 

 

Continuously active neurogenic regions in the adult brain are located in the 

subventricular zone (SVZ) of the lateral ventricles and subgranular zone (SGZ) of the 

hippocampal dentate gyrus. Neurogenesis is modulated by many factors such as growth 

factors, neurotransmitters and hormones. Neuropsychiatric drugs, especially 

antidepressants, mood stabilizers and antipsychotics may also affect the origin of neuronal 

cells. The purpose of this study was to determine the effects of chronic olanzapine 

treatment on adult rat neurogenesis at the level of the SVZ. The number of neuroblasts was 

evaluated using immunohistochemical and fluorescent detection of sex determining region 

Y-box 2 (Sox-2) and doublecortin (DCX) expressing cells. The results indicate that 

olanzapine has proneurogenic effects in the adult rat SVZ, as the mean number of SOX-2 

and DCX-positive cells increased significantly, while there was a similar tendency in the 

SGZ. Collectively, these results suggest that long-term treatment with olanzapine may 

stimulate neurogenic stem cell formation in the SVZ which supports adult neurogenesis. 
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INTRODUCTION 

New neurons are continuously being generated in the adult mammalian brain. This 

process is initiated in adult neural stem cells (NSCs), whichreside mainly in two canonical 

neurogenic brain regions - the subventricular zone (SVZ) of the lateral ventricles and the 

subgranular layer of the hippocampal dentate gyrus (SGZ) [1-3]. In vivo studies have shown 

that various growth factors, neurotransmitters, drugs or brain injury and degenerative 

neurological diseases affect the proliferation, migration and differentiation of adult NSCs[1, 

2, 4-7]. The process of adult neurogenesis has been a challenge for many scientists around 

the world. Understanding the mechanisms and the factors regulating this phenomenon 

could become a basis for developing new models for the pathogenesis of 

neurodegenerative diseases, a growing welfare and financial burden in the ageing 

population. 

Olanzapine, an atypical antipsychotic agent, has an affinity to various brain receptors 

including dopaminergic (D1-D5),α1-adrenergic, muscarinic cholinergic (M1-M5), histaminergic 

(H1) and serotoninergic (5-HT2A/2C, 5-HT3, 5-HT6)[8]. It selectively reduces the stimulatory 

activity of dopaminergic neurons in the mesolimbic system, but at the same time has only a 

minor influence on striatum neuronal pathways involved in motor functions[9]. Olanzapine 

reduces both negative and positive schizophrenia symptoms and shows mood stabilizing 

activity[10]. Some studies also suggest a possible connection between the activity of brain 

regions involved in emotional processes and prolonged olanzapine intake by patients with 

schizophrenia[10]. Indeed, olanzapine increases the activity of the limbic structures 

associated with the feelings of anxiety and with stress response generation[8]. The aim of 

our pharmacological study was to check the potential modulatory effect of olanzapine on 

adult neurogenesis in a rat animal model by the evaluation of NSCs and neuroblast marker 

expression. The following markers have been chosen: sex determining region Y-box 2 

(Sox-2), a transcription factor that enables the self-renewal of neural stem cells and 

doublecortin (DCX), a microtubule-associated protein selectively expressed by immature 

neurons. Here, we investigated the effect of the long-term (4 week) administration of 

olanzapine on proliferation and migration by counting Sox2 and DCX-positive cells in the 

adult SVZ in rats.  
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MATERIAL AND METHODS 

The studies were carried out on adult (2-3 months old, 180-220 g) male Sprague-

Dawley rats from the Medical University of Silesia Experimental Centre. Animals were 

housed at 22°C with a regular 12/12 hour light-dark cycle with access to standard Murigan 

chow and water ad libitum. All procedures were approved by the Local Bioethics Committee 

at the Medical University of Silesia (decision no. 36/2012) and were conducted in a manner 

consistent with NIH Guidelines for Care and Use of Laboratory Animals.  

Two groups of animals (5 individuals each) had received respectively control vehicle 

or olanzapine (10mg/kg/day, dissolved in isotonic saline) by intraperitoneal injection for 4 

weeks. 24 hours after the last drug administration, rats were anesthetized with isoflurane 

and then immediately sacrificed by decapitation. Rat brains were then 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 plane for the 

SVZ (0,36 to -0,50 mm from bregma) at 7μm thickness. 

After blocking with 5% goat serum, sections were incubated overnight with a goat 

antibody against rat doublecortin (DCX)  (1: 1000, Santa Cruz Pharmaceuticals) and rabbit 

antibody against rat Sox2 (1: 1000, Abcam). Primary antibodies were followed by 

biotinylated goat anti-rabbit secondary antibodies, and then an avidin-biotin-horseradish 

peroxidase complex (Vectastain ABC kit, Vector Labs). Finally, 3,3’-diaminobenzidine 

(DAB) was used to complete the visualization reaction.  All sections were mounted on glass 

slides with amedium, dehydrated and coverslipped. Additionally, after overnight incubation 

with primary antibodies for Sox2, several brain sections were kept in darkness with 

secondary antibodies labeled with FITC (1:200, Abcam) and then, mounted on slides with 

the DAPI-containing medium. For calculation of DCX-positive cells, 10 slices (every tenth 

one) per rat for each brain region were used. All images (8 per slice) were captured with the 

Nikon Coolpix optic system and processed using 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-

positive cells in the neurogenic zones for each rat (which was the sum of cells from 10 

slices) and divided the results per length of the analyzed SVZ to obtain the density of 
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immune-positive cells per one millimeter of length. Data are presented as a mean ± 

standard error of the mean (SEM). 

Statistical analyses were performed using Statistica (Systat Software). Mean 

differences between experimental groups were analyzed using non-parametric Kruskall-

Wallis test. Differences were considered statistically significant at p ≤ 0,05. 

 

RESULTS 
 
The mean number of Sox-2-immunopositive cells in the SVZ of animals exposed to 

olanzapine was 4904 ± 748, whereas in controls was 2471 ±1504, p = 0,043 (Fig 1. A,B 

and Fig 2.). The number of DCX-immunoreactive cells in SVZ was 1656 ± 444 for animals 

treated with olanzapine and 1081 ± 364 for the control group, p = 0,286 (Fig 1. C,D).  Thus, 

the increase in neuroblast formation in the SVZ was 21.11%. All relatively densely packed 

DCX-immunopositive neuroblasts were located beneath the wall of lateral ventricles (Fig 1 

C,D). Interestingly, analyzed slices containing the hippocampus, DCX-immunoreactive cells 

were dispersed in the subgranular zone (SGZ) of the dentate gyrus and contrary to what we 

show in the SVZ, neuroblasts in the SGZ do not form any clustered forms (data now show).  

 

DISCUSSION 

There are two groups of antipychotics involved in adult neurogenesis: 1) atypical 

antipsychotics e.g. olanzapine, clozapine, risperidone; and 2) typical (classical) neuroleptics 

– mainly haloperidol and chlorpromazine. These studies show unclear data about the 

positive effects of olanzapine on neurogenesis [11-13]. Here, we show a clear difference in 

the number of neuroblasts in the SVZ after long-term treatment with olanzapine. The first 

studies on haloperidol effect on cell proliferation were performed on young rats (11- days 

old) [14].  They reported that 24 hours after drug administration (single dose of 20 mg /kg) 

the number of newly formed cells decreased by about 50%[14]. Our data show the 

stimulatory impact of olanzapine on adult neurogenesis in the adult SVZ, suggesting a 

modulatory effect of this drug after 4 weeks. Comparing brain slices from experimental and 

control groups, there were no significant differences in DCX-immunoreactive cells spatial 

localization and morphology. In another study, the neurogenic effect of olanzapine was 

marginal and limited to the prefrontal cortex (PFC) and dorsal striatum [15]. Moreover, the 

newborn cells in the PFC did not show the NeuN expression. It should be noted that in this 
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experiment the antipsychotics were administered for a shorter period (3 weeks) in 

comparison with our study. Conflictingly, after extended (28-days) clozapine administration, 

a strong increase in cell proliferation was observed in the dentate gyrus [16]. Comparing the 

pro-neurogenic effects of haloperidol with other neuroleptics, it has to be stated, that 

risperidone, clozapine and olanzapine have a higher neurogenic potential than haloperidol 

[15]. The proneurogenic effect of haloperidol is caused by dopamine D2 receptors inhibition. 

NSCs in the adult rat brain express  D2 receptors in the cytoplasmic membrane and their 

stimulation suppresses cell proliferation[3]. Haloperidol effects on the D2 receptor 

antagonist prevent the negative effect of dopamine on NSCs mitotic potential [17]. 

Haloperidol can also increase the level of prolactin which has proneurogenic properties and 

increases neurogenesis in pregnant mice[18]. Prolactin may act directly by its receptors 

located on NSCs and indirectly by increasing the expression of the anti-apoptotic Bcl-2 

protein [19]. Moreover, haloperidol increases expression of the matrix metalloproteinases 

and nerve growth factor (NGF) which influences the proliferation and survival of NSCs [20]. 

It should be emphasized that haloperidol has certain cytotoxic properties and it may cause 

neuronal damage via its cationic metabolites (HPP+, RHPP+) that are transported to 

several brain structures including SVZ leading to neurodegeneration. Haloperidol also 

increases metabolism of dopamine, decreases glutathione content, and induces NF-κB 

transcription factor, as it has been stated in various studies (Kumari et al. 2017, Górska et 

al. 2015, Raudenska et al. 2013).  

The effect of olanzapine was also investigated on a mouse cell line CF-1[21]. For this, they 

examined NSCs from SVZ-derived neurospheres after administration of olanzapine at three 

doses of 10 nM, 100 nM and 1μM respectively over 7 days. Cytological analysis using 5-

Bromo-2'-deoxyuridine (BrdU) revealed the greatest increase in neurogenesis at 10nM. The 

evaluation of aminergic  receptor and protein expressions showed a modestly elevated 

serotonin 5-HT2A receptor and GFAP levels at all drug concentrations, however an 

increase in ß-tubulin gene expression happened only at a dose of 10nM while in the case of 

GABA only at a dose of 1 μM compared to the control sample.  Relatively high doses of 

olanzapine also induced an increase in neuregulin-1 (Nrg-1) gene expression [21]. This 

report seems to be especially interesting because the alterations of neuregulin-1 signaling 

pathways have been reported in schizophrenia (Mostaid et al. 2016,Wang et al. 2015, Luo 

et al. 2014, Pitcher et al. 2011). Nevertheless, olanzapine did not affect expression of any 

other schizophrenia vulnerability genes. Importantly, the concentrations used in this in vitro 
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study cannot be roughly compared with clinical dose data of olanzapine in patients with 

schizophrenia,  because the initial doses are 10–100 times greater than that predicted to 

remain in human plasma after 75 hours while the  receptor affinities are around 1-100 nM.  

Here, we also analyzed the expression of Sox-2, an early marker of pluripotent stem 

cells, thus devoid of CNS specificity [22]. Our results show almost a double increase in the 

average number of anti-Sox2 antibody-labeled cells in the drug-exposed group. We 

additionally compared the immune-detection of Sox-2 by fluorescent staining, which 

additionally confirmed the effect of the drug on the number of Sox2-positive cells. These 

results may also be in line with a recent study showing that olanzapine and aripiprazole 

may promote or restore disturbances in the oligodendrocyte/GABAergic neuron 

differentiation functions of SVZ-derived progenitor cells (with proteoglycan NG2 expression) 

induced by the treatment with NMDA-R antagonist – MK801 (Kaneta et al. 2017). Similarly, 

another finding suggests that olanzapine but not haloperidol may abolish MK-801-induced 

cognitive impairments in mice via stimulating cell proliferation in the SGZ (Song et al. 2016). 

On the other hand, it was also reported that olanzapine at 100 M dose caused structural 

mitochondrial damage and ROS-dependent depolarization in human neuroblastoma SH-

SY5Y cells. The same study, however, shows the triggering of autophagy both in cell 

culture and in the mouse brain in vivo (at dose 2mg/kg), which protects them from potential 

antipsychotic neurotoxicity. Of note, the drug treatment did not markedly affect the viability 

of SH-SY5Y cells (Vucicevic et al. 2014). 

In a recent study, reported the influence of a series of atypical neuroleptics on 

human induced pluripotent stem cell (hiPSC)-derived neural stem cell (NSC) 

differentiation[23]. These cells showed a significant increase in the expression of the early 

neuron markers, Sox-2 and Pax6 upon exposure to clozapine and risperidone, which 

corresponds to the results, stated earlier, for olanzapine. Another marker of neurogenesis 

was DCX, which characterizes neuroblasts in a highly selective manner. The results show a 

significant increase in the average number of DCX positive cells. Additionally, the outcomes 

in this study are similar to those published by Rojczyk et al., who used an identical dosage 

regimen and observed a significant increase in the expression of DCX protein within the 

hypothalamus[24]. They are also in line with our previous results showing that long-term 

(28-days) treatment with haloperidol increased the origin of DCX-expressing cells in the rat 

SVZ and SGZ [25]. Here, we show the effect of olanzapine at the early stages of the 

neurogenesis process, although it is difficult to ascertain what the molecular mechanism of 
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these changes are, as not all NSCs express dopamine receptors - a proper target for 

inhibitory action of neuroleptics. It can, therefore, be assumed that they may activate other 

signaling pathways of these cells, such as Akt-mTORC1, TGF-ß or neuregulin 1. In the next 

step, it will be necesary to investigate potential mechanims of olanzapine on adult 

neurogenesis in the SVZ.  

Despite the limitations of our study, including low animal numbers, and the lack of Sox-

2/DCX gene expression;Our findings suggest that chronic administration of olanzapine can 

support adult neurogenesis in the adult SVZ and may facilitate the origin of the rostral 

migratory stream in rats. Although not fully translational to the human brain, our conclusion 

may encourage the further study of olanzapine neuropharmacology in the context of adult 

neurogenesis modulation.  In the future, it would also be of interest to study detailed 

features and fate of newly formed neurons both in the SVZ and the SGZ; after treatment 

with classical and atypical antipsychotic drugs. 

 

 

CONCLUSIONS  

Neuronal stem cells with SOX-2 expression are most sensitive to long-term effects of 

olanzapine within the SVZ. Olanzapine may be ranked as an early-neurogenesis simulating 

factor within the SVZ. Chronic exposure to olanzapine may stimulate differentiation of cells 

within the SVZ into a DCX-positive state. 
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Figure captions 

 

Fig. (1). Expressions of Sox-2 and doublecortin (DCX) in the rat SVZ. Immunohistochemical 

DAB staining for Sox-2; control (A), olanzapine (B) and DCX; control (C), olanzapine (D). 

Scale bars; 100 m. Number of Sox-2 (E) and DCX (F) immunopositive cells (n/mm) in the 

SVZ, ***p <0.05. 

 

Fig. (2). Immunofluorescence histochemistry for Sox-2 in the rat SVZ; control (FITC;A, 

FITC+DAPI; B), olanzapine (FITC;C, FITC+DAPI; D). Scale bars; 100 m. 

 
 
 
 
 


