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Neuroplasticity is pointed to the ability of the brain to change its 
molecular and structural characteristics that hinder its function. The 
main pathophysiological alteration in schizophrenic patients is the 
occurrence of a major deficit in cognitive process that is under the 
control of the circuitry of the dorsolateral prefrontal cortex (DLPFC) 
[1,2]. Additionally, this cognitive deficit in schizophrenia is partially 
related to the marked decrease in dopamine [DA] input to the DLPFC. 
However and fortunately, a compensatory response in the form of 
up-regulation of D1 receptor in this area of brain results in a great 
improvement of memory-related DLPFC activity. 

Studies performed by Elvevag, Goldberg [3] and Black [4] assumed 
that schizophrenic patients suffered from brain atrophy, neurotoxicity, 
or neurodegeneration that involved loss of neurons in the gray matter. 
Additionally, the reduction in brain volume was due to shrinkage of the 
neuropil surrounding the neurons with marked reduction in dendrite 
length that was associated with a reduction in the number and size of 
dendritic extensions. 

This disorder is related to an alteration in the functional activity of 
the dorsolateral prefrontal cortex (DLPFC). DLPFC is a brain region 
that is related to the control of executive function. Any abnormalities 
in the function of DLPFC are strongly related to the development and 
progress of schizophrenic symptoms [5].

Every dendritic spine of neurons of DLPFC is composed of an 
excitatory synapse due to the presence of the excitatory amino acid 
mediator, glutamate. When neurodegenerative changes start in this 
area of brain, it is also associated with a decrease in neurotropin 3 
(NT-3, as a brain growth factor) causing a brain tissue loss during 
schizophrenia together with a decline in growth factors that are critical 
in brain development, neuroplasticity, and synaptic connectivity [6,7]. 
On the other hand, it was proved that the pathological alteration in the 
density of lamina of each spine played a crucial role in the development 
of schizophrenia. 

No animal study has found any effect of first generation antipsychotics 
(FGAs) e.g. Haloperidol on neurogenesis or neuroplasticity as proved 
by [8]. Furthermore, it was found that haloperidol possesses a 
neurotoxic action on DLPFC by apoptotic cell death with a reduction 
in neurotropins, such as brain-derived neurotropic factor (BDNF) as 
brain growth factors. Approximately, no human study was interested 
to do further investigations by this generation in schizophrenia [9,10].

In contrary to FGAs, many second generation antipsychotics 
(SGAs) stimulate neurogenesis in the adult rat’ brain especially 
hippocampus and DLPFC [8,11]. 

Fortunately, in repeated restrained rats with psychotic 
manifestations, quetiapine, risperidone and Paliperidone, an SGA 
and the active metabolite of risperidone and is now approved for 
the treatment of schizophrenia, were found to be able to stimulate 
neurogenesis in hippocampus and other brain areas related to memory 
maintenance in these experimental rats [12,13].

Hippocampal neuroplasticity is dependent on neurotropins as 
nerve growth factor (NGF) and BDNF to help maintenance of memory 
and cognitive functions in elderly [14,15]. Meanwhile, a marked 
hyperplasia of the striatum is found to be associated with changes in the 

morphology and the number of synapses, mainly of the glutamatergic 
type [16,17]. The above findings support the assumption that SGAs also 
improve neuroplasticity in brain regions whose damage is responsible 
for the pathogenesis of schizophrenia such as the prefrontal and limbic 
areas. There is strong evidence that SGAs increase the neuronal growth 
factor “neurotropin-3” in the cortex of people with schizophrenia. 
This increase would help neuroplasticity with improvement of mental 
functions in such patients [16,18]. The results of these human studies 
open the way in front of many researchers in this field to do long-term 
studies with various SGAs to study the possible beneficial regional 
neuroplasticity-induced by these drugs.

Similarly, many clinical studies reported, in a confident manner, that 
neurotropins such as (NGF) and BDNF are decreased in schizophrenic 
patients of different age groups. These neurotropins have a crucial role 
in neuroplasticity and protection against apoptosis that is a part of 
pathogenesis of this disease [19].

Quetiapine actually stimulates BDNF expression and reduces 
the immobilization that accompany the exposure to stress in rat 
hippocampus [20] as well as significantly increases BDNF and fibroblast 
growth factor 2 (FGF-2) mRNA in rat’s hippocampus, neocortex either 
these rats are stressed or not [21-23].

Recently, Gamma-aminobutyric acid (GABA) is thought to play 
a role in the pathophysiology of schizophrenia. There is a strong 
evidence that schizophrenic patients will get a lot of therapeutic benefit 
when treated with drugs that result in an increase in the expression of 
postsynaptic GABAA receptors. This increase will be considered as a 
compensatory mechanism to the deficit in GABA release from DLPFC 
neurons with an increase in the efficacy of GABA neurotransmission 
at DLPFC. This will be of great therapeutic benefit in schizophrenic 
patients as drugs acting on GABA receptors would augment the 
neuroplasticity modifications associated with improving memory with 
marked improvement of negative symptoms [24]. Studies are focused 
on the action of both typical and atypical antipsychotics on GABA 
concentration in basal ganglia and the anterior singulate nucleus of 
schizophrenic patients. The results were very promising as regards the 
increase in GABA concentration in these areas of patients measured 
in a proton magnetic resonance spectroscopy study with its proposed 
beneficial effects in modification of impaired memory and enhancement 
of neuroplasticity in such disease. However, more studies are needed to 
support the GABAergic therapeutic action of SGAs especially as there 
is a strategy to develop drugs acting on GABAergic system to treat 
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psychiatric diseases as depression and bipolar disorders [25,26].

A lot of clinical studies summarized the main pathological changes 
of schizophrenia to be due to dopaminergic overstimulation which can 
lead to cell death [27], glutamate excitotoxicity [28], GABA dysfunction 
[29], impaired anti-apoptotic signaling, mitochondrial dysfunction 
[30], decreased nitric oxide biosynthesis [31] and oxidative stress [32]. 

Currently, there is a strong recommendation to design many 
clinical trials, whose aim is to prove in a definite manner the possible 
improvement of neuroplasticity and the expected reversal of the 
associated pathological changes that affect the brain of schizophrenic 
patients by SGAs when used in the treatment of schizophrenic patients. 
These trials will help a lot to reach curative drugs to this mental disease 
[17,33-35].

In conclusion, there is strong evidence that atypical antipsychotics 
possess an important role in neuroplasticity and neuroprotection when 
administered to schizophrenic patients. The results of many studies 
pointed to this obvious neuroprotective effect and to the capacity of 
neurogenesis of SGAs. This will open a new era to investigate new 
drugs, especially GABAergic drugs, in an attempt to reach a complete 
cure of chronic neuropsychiatric diseases such as schizophrenia. This 
target can be achieved if studies can develop new drugs that depend 
mainly in their mechanism of action on both neuroplasticity and 
regeneration of abnormal neuronal circuits so they can replenish the 
brain neurotropic factors. These drugs could successfully be used in 
treatment of recurrent episodes of schizophrenic patients. 

These impressing studies will help to announce very soon in the 
future the appearance of new new drugs to treat this psychotic illness. 
Further advances in psychopharmacology may include an array that 
properly investigates the neuroplastic mechanism of action of these 
new drugs to reach a complete brain repair that is needed in such 
destructive mental diseases.

References
1.	 White EL (1989) Cortical Circuits. Boston-Basel: Birkhauser 34: 2-8.

2.	 Hayley S, Litteljohn D (2013) Neuroplasticity and the next wave of antidepressant 
strategies. Front Cell Neurosci 7: 218.

3.	 Elvevåg B, Goldberg TE (2000) Cognitive impairment in schizophrenia is the 
core of the disorder. Crit Rev Neurobiol 14: 1-21.

4.	 Black JE, Kodish IM, Grossman AW, Klintsova AY, Orlovskaya D, et al. (2004) 
Pathology of layer V pyramidal neurons in the prefrontal cortex of patients with 
schizophrenia. Am J Psychiatry 161: 742-744.

5.	 Datta SR, Brunet A, Greenberg ME (1999) Cellular survival: a play in three 
Akts. Genes Dev 13: 2905-2927.

6.	 Shoval G, Weizman A (2005) The possible role of neurotrophins in the pathogenesis 
and therapy of schizophrenia. Eur Neuropsychopharmacol 15: 319-329.

7.	 Arellano JI, Espinosa A, Fairén A, Yuste R, DeFelipe J (2007) Non-synaptic 
dendritic spines in neocortex. Neuroscience 145: 464-469.

8.	 Wakade CG, Mahadik SP, Waller JL, Chiu FC (2002) Atypical neuroleptics 
stimulate neurogenesis in adult rat brain. J Neurosci Res 69: 72-79.

9.	 Ukai W, Ozawa H, Tateno M, Hashimoto E, Saito T (2004) Neurotoxic potential 
of haloperidol in comparison with risperidone: implication of Akt-mediated 
signal changes by haloperidol. J Neural Transm 111: 667-681.

10.	Wei Z, Mousseau DD, Dai Y, Cao X, Li XM (2006) Haloperidol induces apoptosis 
via the sigma2 receptor system and Bcl-XS. Pharmacogenomics J 6: 279-288.

11.	Leung M, Cheung C, Yu K, Yip B, Sham P, et al. (2011) Grey matter in 
first-episode schizophrenia before and after antipsychotic drug treatment. 
Anatomical likelihood estimation meta-analyses with sample size weighting. 
Schizophr Bull 37: 199-211. 

12.	Luo C, Xu H, Li XM (2005) Quetiapine reverses the suppression of hippocampal 
neurogenesis caused by repeated restraint stress. Brain Res 1063: 32-39.

13.	Nasrallah HA, Pixley S (2006) The atypical antipsychotic paliperidone induces 
neurogenesis in the rat brain: a controlled study. Neuropsychopharmacology 
31: S126-S127. 

14.	Pillai A, Terry AV Jr, Mahadik SP (2006) Differential effects of long-term 
treatment with typical and atypical antipsychotics on NGF and BDNF levels in 
rat striatum and hippocampus. Schizophr Res 82: 95-106.

15.	Parikh V, Khan MM, Mahadik SP (2004) Olanzapine counteracts reduction 
of brain-derived neurotrophic factor and TrkB receptors in rat hippocampus 
produced by haloperidol. Neurosci Lett 356: 135-139.

16.	Konradi C, Heckers S (2001) Antipsychotic drugs and neuroplasticity: insights into 
the treatment and neurobiology of schizophrenia. Biol Psychiatry 50: 729-742.

17.	Doan L, Manders T, Wang J (2015) Neuroplasticity underlying the comorbidity 
of pain and depression. Neural Plast 2015: 504691.

18.	Lieberman JA, Tollefson GD, Charles C, Zipursky R, Sharma T, et al. (2005) 
Antipsychotic drug effects on brain morphology in first-episode psychosis. Arch 
Gen Psychiatry 62: 361-370.

19.	Buckley PF, Mahadik S, Pillai A, Terry A Jr (2007) Neurotrophins and 
schizophrenia. Schizophr Res 94: 1-11.

20.	Xu H, Qing H, Lu W, Keegan D, Richardson JS, et al. (2002) Quetiapine 
attenuates the immobilization stress-induced decrease of brain-derived 
neurotrophic factor expression in rat hippocampus. Neurosci Lett 321: 65-68.

21.	Angelucci F, Brenè S, Mathé AA (2005) BDNF in schizophrenia, depression and 
corresponding animal models. Mol Psychiatry 10: 345-352.

22.	Park SW, Lee SK, Kim JM, Yoon JS, Kim YH (2006) Effects of quetiapine 
on the brain-derived neurotrophic factor expression in the hippocampus and 
neocortex of rats. Neurosci Lett 402: 25-29.

23.	Poeppl T, Frank E, Schecklmann M, Kreuzer P, Prasser S, et al. (2014) 
Amygdalohippocampal neuroplastic changes following neuroleptic treatment 
with quetiapine in first-episode schizophrenia. Int J Neuropsychopharm 833-843.

24.	Mirnics K, Middleton FA, Lewis DA, Levitt P (2001) Analysis of complex brain 
disorders with gene expression microarrays: schizophrenia as a disease of the 
synapse. Trends Neurosci 24: 479-486.

25.	Tayoshi S, Nakataki M, Sumitani S, Taniguchi K, Shibuya-Tayoshi S, Numata 
S, Iga J, Ueno S, Harada M, Ohmori T (2009) GABA concentration in 
schizophrenia patients and the effects of antipsychotic medication: a proton 
magnetic resonance spectroscopy study. Schizophr Res 117: 83-91. 

26.	Vashchinkina E, Manner AK, Vekovischeva O, den Hollander B, Uusi-Oukari 
M, et al. (2014) Neurosteroid Agonist at GABAA receptor induces persistent 
neuroplasticity in VTA dopamine neurons. Neuropsychopharmacology 39: 727-737.

27.	Ben-Shachar D, Zuk R, Gazawi H, Ljubuncic P (2004). Dopamine toxicity 
involves mitochondrial complex I inhibition: implications to dopamine-related 
neuropsychiatric disorders. Biochem Pharmacol 67: 1965-1974. 

28.	Deutsch SI, Rosse RB, Schwartz BL, Mastropaolo J (2001) A revised excitotoxic 
hypothesis of schizophrenia: therapeutic implications. Clin Neuropharmacol 24: 43-49.

29.	Farber NB, Jiang X, Dikranian K, Nemmers B (2003) Muscimol prevents 
NMDA antagonist neurotoxicity by activating GABAA receptors in several brain 
regions. Brain Res 993: 90-100.

30.	Luo Y, Umegaki H, Wang X, Abe R, Roth GS (1998) Dopamine induces 
apoptosis through an oxidation-involved SAPK/JNK activation pathway. J Biol 
Chem 273: 3756-3764.

31.	Beal MF, Brouillet E, Jenkins B (1993) Neurochemical and histological 
characterization of striatal excitotoxic lesions produced by the mitochondrial 
toxin 3-nitropropionic acid. J Neurosci 13: 4181-4191. 

32.	Mahadik SP, Evans D, Lal H (2001) Oxidative stress and role of antioxidant 
and omega-3 essential fatty acid supplementation in schizophrenia. Prog 
Neuropsychopharmacol Biol Psychiatry 25: 463-493.

33.	Fisher M, Holland C, Subramaniam K, Vinogradov S (2010) Neuroplasticity-
based cognitive training in schizophrenia: an interim report on the effects 6 
months later. Schizophr Bull 36: 869-879.

34.	Callicott JH, Mattay VS, Verchinski BA, Marenco S, Egan MF, et al. (2003) 
Complexity of prefrontal cortical dysfunction in schizophrenia: more than up or 
down. Am J Psychiatry 160: 2209-2215.

35.	Lewis DA (2004) Structure of the human prefrontal cortex. Am J Psychiatry 
161: 1366.

http://dx.doi.org/10.4172/2329-6895.1000132
http://dx.doi.org/10.4172/2329-6895.1000132
http://www.ncbi.nlm.nih.gov/pubmed/24312008
http://www.ncbi.nlm.nih.gov/pubmed/24312008
http://www.ncbi.nlm.nih.gov/pubmed/11253953
http://www.ncbi.nlm.nih.gov/pubmed/11253953
http://www.ncbi.nlm.nih.gov/pubmed/15056523
http://www.ncbi.nlm.nih.gov/pubmed/15056523
http://www.ncbi.nlm.nih.gov/pubmed/15056523
http://www.ncbi.nlm.nih.gov/pubmed/10579998
http://www.ncbi.nlm.nih.gov/pubmed/10579998
http://www.ncbi.nlm.nih.gov/pubmed/15820422
http://www.ncbi.nlm.nih.gov/pubmed/15820422
http://www.ncbi.nlm.nih.gov/pubmed/17240073
http://www.ncbi.nlm.nih.gov/pubmed/17240073
http://www.ncbi.nlm.nih.gov/pubmed/12111817
http://www.ncbi.nlm.nih.gov/pubmed/12111817
http://www.ncbi.nlm.nih.gov/pubmed/15168214
http://www.ncbi.nlm.nih.gov/pubmed/15168214
http://www.ncbi.nlm.nih.gov/pubmed/15168214
http://www.ncbi.nlm.nih.gov/pubmed/16462815
http://www.ncbi.nlm.nih.gov/pubmed/16462815
http://schizophreniabulletin.oxfordjournals.org/content/37/1/199.short
http://schizophreniabulletin.oxfordjournals.org/content/37/1/199.short
http://schizophreniabulletin.oxfordjournals.org/content/37/1/199.short
http://schizophreniabulletin.oxfordjournals.org/content/37/1/199.short
http://www.ncbi.nlm.nih.gov/pubmed/16271709
http://www.ncbi.nlm.nih.gov/pubmed/16271709
http://www.ncbi.nlm.nih.gov/pubmed/16442781
http://www.ncbi.nlm.nih.gov/pubmed/16442781
http://www.ncbi.nlm.nih.gov/pubmed/16442781
http://www.ncbi.nlm.nih.gov/pubmed/14746882
http://www.ncbi.nlm.nih.gov/pubmed/14746882
http://www.ncbi.nlm.nih.gov/pubmed/14746882
http://www.ncbi.nlm.nih.gov/pubmed/11720691
http://www.ncbi.nlm.nih.gov/pubmed/11720691
http://www.ncbi.nlm.nih.gov/pubmed/25810926
http://www.ncbi.nlm.nih.gov/pubmed/25810926
http://www.ncbi.nlm.nih.gov/pubmed/15809403
http://www.ncbi.nlm.nih.gov/pubmed/15809403
http://www.ncbi.nlm.nih.gov/pubmed/15809403
http://www.ncbi.nlm.nih.gov/pubmed/17524622
http://www.ncbi.nlm.nih.gov/pubmed/17524622
http://www.ncbi.nlm.nih.gov/pubmed/11872258
http://www.ncbi.nlm.nih.gov/pubmed/11872258
http://www.ncbi.nlm.nih.gov/pubmed/11872258
http://www.ncbi.nlm.nih.gov/pubmed/15655562
http://www.ncbi.nlm.nih.gov/pubmed/15655562
http://www.ncbi.nlm.nih.gov/pubmed/16713676
http://www.ncbi.nlm.nih.gov/pubmed/16713676
http://www.ncbi.nlm.nih.gov/pubmed/16713676
http://www.ncbi.nlm.nih.gov/pubmed/11476888
http://www.ncbi.nlm.nih.gov/pubmed/11476888
http://www.ncbi.nlm.nih.gov/pubmed/11476888
http://www.sciencedirect.com/science/article/pii/S0920996409005623
http://www.sciencedirect.com/science/article/pii/S0920996409005623
http://www.sciencedirect.com/science/article/pii/S0920996409005623
http://www.sciencedirect.com/science/article/pii/S0920996409005623
http://www.ncbi.nlm.nih.gov/pubmed/24077066
http://www.ncbi.nlm.nih.gov/pubmed/24077066
http://www.ncbi.nlm.nih.gov/pubmed/24077066
http://www.sciencedirect.com/science/article/pii/S0006295204001303
http://www.sciencedirect.com/science/article/pii/S0006295204001303
http://www.sciencedirect.com/science/article/pii/S0006295204001303
http://www.ncbi.nlm.nih.gov/pubmed/11290881
http://www.ncbi.nlm.nih.gov/pubmed/11290881
http://www.ncbi.nlm.nih.gov/pubmed/14642834
http://www.ncbi.nlm.nih.gov/pubmed/14642834
http://www.ncbi.nlm.nih.gov/pubmed/14642834
http://www.ncbi.nlm.nih.gov/pubmed/9452508
http://www.ncbi.nlm.nih.gov/pubmed/9452508
http://www.ncbi.nlm.nih.gov/pubmed/9452508
http://www.jneurosci.org/content/13/10/4181.short
http://www.jneurosci.org/content/13/10/4181.short
http://www.jneurosci.org/content/13/10/4181.short
http://www.ncbi.nlm.nih.gov/pubmed/19269924
http://www.ncbi.nlm.nih.gov/pubmed/19269924
http://www.ncbi.nlm.nih.gov/pubmed/19269924

	Title
	Corresponding author
	References

