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Abstract: We have previously shown the neuroprotective effect of atypical antipsychotic agents by experimental cerebral 

ischemia. However the impact of their high dose related side effects on their low dosage related neuroprotectivity is still 

unknown.We evaluated the possible neuroprotective effects of high dose olanzapine (10mg/kg) treatment on ischemic 

brain injury 24 hr after permanent cerebral ischemia. Olanzapine showed neither a neuroprotective nor a neurotoxic effect 

after focal cerebral ischemia. This finding could suggest that dose related side effect of olanzapine could involve a 

restriction of its neuroprotective effect unlike lower doses that have been reported to have neuroprotective effect. 
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INTRODUCTION 

 Atypical antipsychotic agents are discovered to have 
some beneficial effects beyond their effectiveness as antip-
sychotic drugs. Among these initially unexpected effects are 
their potential effects as mood stabilizers by bipolar disorder 
and their efficacy in improving long term outcome in schizo-
phrenia [1-5]. In regard of their role in poststroke depression 
which affects approximately 20% to 40 % of all poststroke 
patients [6, 7], we have previously shown the neuroprotec-
tive effect of risperidone and olanzapine after cerebral 
ischemia in spesific dose ranges [8,9]. This was suggesting 
other studies indicating the neuroprotective role of these 
agents in various experimental models [10-16]. But it is still 
unclear whether their high dose related side effects could 
involve a possible neurotoxicity which can lead to a restric-
tion of their neuroprotective effect. To examine this matter 
we evaluated the neuroprotective effect of olanzapine after 
permanent focal cerebral ischemia at its high dose and com-
pared it with the sham operated group. 

MATERIAL AND METHODS 

Experimental Groups 

 All experimental procedures were carried out with gov-
ernmental approval according to local guidelines for the care 
and use of laboratory animals. Adult male C57BL/6j mice 
weighing 21-25g was assigned to the following experiments 
and groups: I. Intraperitoneal administration of (a) 10 mg/kg 
olanzapine (n =8 animals) and (b) 0.2 ml vehicle (% 0.09 
NaCl) (n=8 animals), starting at the onset of 24 hours of 
permanent focal cerebral ischemia. Olanzapine (Lilly Chem-
ical Pharmaceuticals) dissolved in 0.1N HCl and then buff-
ered with NaOH (final pH=7.1). By referring to the 70-100  
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times higher metabolic rate in mice we determined the aver-
aged high doses of olanzapine as 10 mg/kg [17].

Induction of Ischemia 

 Animals were anesthetized with 1% halothane (30% O2, 
remainder N2O). Rectal temperature was maintained be-
tween 36.5 and 37.0 °C using a feedback-controlled heating 
system. During the experiments, cerebral blood flow was 
measured by laser Doppler flowmetry (LDF) using a flexible 
0.5 mm fiber optic probe (Perimed, Stockholm, Sweden), 
which was attached to the intact skull overlying the MCA 
territory (2 mm posterior / 6 mm lateral from bregma). LDF 
changes were monitored up to 90 min after the onset of 
ischemia. 

 Focal cerebral ischemia was induced using an intralumi-
nal filament technique [8]. A midline neck incision was 
made, and the left common and external carotid arteries were 
isolated and ligated. A microvascular clip (FE691, Aesculap, 
Tuttlingen, Germany) was temporarily placed on the internal 
carotid artery. A 8-0 nylon monofilament (Ethilon; Ethicon, 
Norderstedt, Germany) coated with silicon resin (Xantopren, 
Bayer Dental, Osaka, Japan; diameter of the coated thread: 
190-200 m) was introduced through a small incision into 
the common carotid artery and advanced 9 mm distal to the 
carotid bifurcation for permanent occlusion of the MCA. 
Anesthesia was discontinued and animals were placed into 
their home cages. 

Triphenyltetrazolium Chloride (TTC) Staining 

Animals were reanesthetized with overdose halothane and 
decapitated. Brains were incubated for 5 min in ice-cold iso-
tonic saline and coronally cut into five 2 mm slices using a 
mouse brain matrix (BRM-2000C; Activational System Inc., 
MI, USA). These slices were immediately stained with 2% 
2,3,5- triphenyltetrazolium chloride (TTC) for 20 minutes. 
The border between infarcted and non-infarcted tissue was 
outlined using an image analysis system, and the area of in-



280    Medicinal Chemistry, 2009, Vol. 5, No. 3 Yulu  and Kilic 

farction was measured by subtracting the area of the non-
lesioned ipsilateral hemisphere from that of the contralateral 
side. The infarct volume was calculated by integration of the 
lesion areas [8]. 

Statistics 

 All values are given as mean ± S.D. Differences between 
groups were compared by using oneway ANOVA analysis 
followed by LSD tests after permanent cerebral ischemia. P 
values < 0.05 were considered to indicate statistical signifi-
cance. 

RESULTS 

Laser Doppler Flow (LDF) 

 Mean LDF reproducibly declined to <25% of pre-ische-
mic control levels immediately after thread insertion in all 
animal groups. No differences were seen between various 
animal groups (Fig. 2). 

Triphenyltetrazolium Chloride (TTC) Staining: Infarct 
Size 

 Reproducible brain infarcts were obtained in the 10 
mg/kg of olanzapine or 0.2 ml of vehicle treated groups (Fig. 
1). Intraperitoneal administration of 10 mg/kg olanzapine 
was found neither neuroprotective nor neurotoxic. 

Fig. (1). Infarct volumes of mice subjected to permanent cerebral 

ischemia. Animals treated with olanzapine (10 mg/kg). Note that 10 

mg/kg olanzapine was not neuroprotective or neurotoxic (p>0.05).

DISCUSSION 

 Atypical antipsychotic drugs offer several notable bene-
fits over typical antipsychotics, including greater improve-
ment in negative symptoms, cognitive function, prevention 
of deterioration, and quality of life, and fewer extrapyrami-
dal symptoms (EPS) [18]. 

 However, concerns about EPS have been replaced by 
concerns about other side effects which can be partly the 
potential contribution of different receptors to metabolic 
and/or neurologic side effects associated with atypical antip-
sychotic treatment [18].  

 In the ischemic brain it is well known that a massive re-
lease of dopamine can amplify the neuronal damage caused 

by excitotoxicity and energy deprivation [19-21]. Besides 
dopamin, serotonin is also shown to modulate the postsynap-
tic effects of glutamate and leads to reduction of blood flow 
during cerebral ischemia [22,23]. Therefore, ischemia-
induced abnormal release of such neurotransmitters in vul-
nerable brain areas may represent a critical factor that trans-
forms transient ischemic attack into an ischemic episode 
resulting in irreversible consequences in brain tissue and its 
synaptic circuits.  

Fig. (2). Laser Doppler flow measurements (LDF) above middle 

cerebral artery territory during permanent intraluminal thread oc-

clusion in animals treated with vehicle solution or olanzapine. No 

differences in LDF values were detected between animal groups. 

Values are means ± S.D.

 Olanzapine is one of the member of the atypical neuro-
leptic drugs and a candidate as a clinically applicable neuro-
protective drug. In addition to its well-known high affinity 
for dopamine (D1, D2, D4) and serotonin (5HT2A, 5HT2C,
5HT3) receptors, olanzapine is also shown to increase the 
number of newborn cells in the dentate gyrus and in the pre-
limbic cortex of the hippocampus [14-16]. However, it has 
also been reported that olanzapine increases the potent 
GABA(A) receptor modulator allopregnanolone, which is 
recently proven to be neuroprotective in vitro in cerebral 
ischemia [24,25].

 Although thus far the localization of the 5-HT receptor 
subtypes in the brain is largely unknown and further studies 
are ongoing to better define their specific function [26], 
current data indicate to the neuroprotective role of 5-HT2B 
receptors through their anti-inflammatory and antiapoptotic 
protective actions [27]. However the evidences indicating to 
the neuroprotecive role of 5-hydroxytryptamine (5-HT2A)
receptor antagonists as an inhibitor of platelet aggregation 
and vasoconstriction that is induced by 5-HT [28-31] are also 
rapidly replicating. Considering the high (5-HT2A) receptor 
antagonist activity of olanzapine it is of wonder that olanzap-
ine could exert its neuroprotective activity partly through the 
5-HT2A receptors in the brain. However the neuroprotective 
role of 5-HT3 antagonists by experimental cerebral ischemia 
is still controversial [32-35]. 

 We observed that acute administration of 10 mg/kg of 
olanzapine does not lead to decrease in infarct size (P>0.05, 
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ANOVA analysis followed by LSD tests) (Fig. 1). In com-
pared to our previous study which indicated to a significant 
neuroprotective effect of olanzapine at lower doses, this 
findings showed that olanzapine was failed to maintain its 
neuroprotectivity at higher doses whereas it was also not 
found neurotoxic. This is interesting in light of recent cli-
nical evidence of an increased rate of cerebrovascular events 
in olanzapine treated dementia patients, and suggests the 
safety usage of antipychotics even in the elderly population 
[36]. Additionally, because olanzapine provided no neuro-
toxicity even at its higher doses in mice, this study suggests 
that it might trigger other mechanism(s), including vascular 
pathology, known to be associated with higher stroke risk in 
demented patients [37].  

 It is difficult to estimate what caused the decreasement of 
the neuroprotectivity of olanzapine without getting the re-
sults from furher experiments on the antiapoptotic effects of 
various atypical antipsychotic agents with different receptor 
affinities, but it may possible that higher affinity of olanzap-
ine for 5HT2A receptors may carry seratonergic/dopamine-
ergic balance in the brain beyond optimum for prevention of 
ischemia at higher doses. However, it can be also hypo-
thesized that the anticholinergic activity which increases 
with the higher doses of olanzapine could have restricted the 
neuroprotective activity of olanzapine. This is suggesting the 
data indicating enhancing effect of cholinergic activity in 
neuroprotection as well as reversal of such effect under cho-
linergic blockage [38-41]. But it should also not to be 
forgotten that the failure of neuroprotection could be related 
to the limited size of penumbra which could have restricted 
the additive neuroprotective effect olanzapine at its higher 
doses [42]. 

 In summary, beyond suggesting the safety usage of 
olanzapine at higher doses by elderly population, this study 
show that olanzapine provides no additional neuroprotective 
effect at its higher doses and provides evidence that the 
restriction of the neuroprotective effect of olanzapine can be 
an important sign of its high dose related metabolic and/or 
neurologic side effect. Further experiments to evaluate the 
long-term clinical reflections of such neuroprotective-toxic 
interactions of atypical neuroleptics via magnetic resonance 
imaging and spectroscopy studies would be the logical future 
steps to be taken in the field of psychiatric research.  

REFERENCES 

[1] Waddington, J.L.; Callaghan, E. O.; Buckley, P.; Larkin, C.; 
Redmond, O.; Stack, J.; Ennis, J.T. The age differences of MRI ab-

normalities in schizophrenia suggests early ventricular enlargement 
but later prominence of cortical atrophy. Schiz. Res., 1991, 5, 188-

189. 
[2] Wyatt, R.J. Early intervention with neuroleptics may decrease the 

long term morbidity of Schizophrenia. Schiz. Res., 1991, 5, 201-
202. 

[3] Wyatt, R.J.; Henter, I.D. J. The effects of early and sustained inter-
vention on the long -term morbidity of schizophrenia. Psychiatr. 
Res., 1998, 32, 169-177. 

[4] Falloon, I.R.H. Early intervention for first episodes of schizophre-

nia, A Preliminary Exploration. Psychiatry, 1992, 55, 4-15. 
[5] DeLisi, Le.; Sakuma, M.; Rew, W.; Kushner, M.; Hoff, A.L.; 

Grimson, R. Schizophrenia as a chronic active brain process: a 
study of progressive brain structural change subsequent to the onset 

of schizophrenia. Psychiatry Res. (Neuroimaging Section)., 1997,
74, 129-140. 

[6] Paolucci, S.; Antonucci, G.; Grasso, D.; Morelli, D.; Troisi, E.; 

Coiro, P.; Angelis,D.; Rizzi, F.; Bragoni, M. Post-stroke depres-
sion, antidepressant treatment and rehabilitation results: A case-

control study. Cerebrovasc. Dis., 2001, 12, 264-71. 
[7] Whyte, E.M.; Mulsant, B.H. Post stroke depression: epidemiology, 

pathophysiology and biological treatment. Biol. Psychiatry, 2002,
52, 253-64. 

[8] Yulug, B.; Yildiz, A.; Hudaoglu, O.; Kilic, E.; Cam, E.; Schäbitz, 
W.R. Olanzapine attenuates brain damage after focal cerebral 

ischemia in vivo. Brain.Ress.Bull., 2006, 71, 296-300. 
[9] Yulug, B.; Yildiz, A.; Güzel, O.; Kilic, E.; Schäbitz ,W.R.; Kilic, E. 

Risperidone attenuates brain damage after focal cerebral ischemia 
in vivo. Brain Res. Bull., 2006, 69, 656-659. 

[10] Bai, O.; Zhang, H.; Li, X.M. Antipsychotic drugs clozapine and 
olanzapine upregulate bcl-2 mRNA and protein in rat frontal cortex 

and hippocampus. Brain Res., 2004, 1010, 81-86. 
[11] Wei, Z.; Mousseau, D.D.; Richardson, J.S.; Dyck, L.E.; Li, X.M. 

Atypical antipsychotics attenuate neurotoxicity of beta-amyloid(25-
35) by modulating Bax and Bcl-X(l/s) expression and localization.
J. Neurosci. Res., 2003, 74, 942-947. 

[12] Li, X.M.; Chlan-Fourney, J.; Juorio, A.V.; Bennett, V.L.; 

Shrikhande, S.; Keegan, D.L.; Qi, J.; Boulton, AA. Differential ef-
fects of olanzapine on the gene expression of superoxide dismutase 

and the low affinity nerve growth factor receptor. J. Neurosc. Res.,
1999, 56, 72-75.  

[13] Bai, O.; Chlan-Fourney, J.; Bowen, R.; Keegan, D.; Li, X.M. J. 
Expression of brain-derived neurotrophic factor mRNA in rat hip-

pocampus after treatment with antipsychotic drugs. Neurosci. Res., 
2003, 71, 127-131. 

[14] Kodama, M.; Fujioka, T.; Duman, R.S. Chronic olanzapine or 
fluoxetine administration increases cell proliferation in hippocam-

pus and prefrontal cortex of adult rat. Biol. Psychiatry, 2004, 56,
570-80. 

[15] Wang, H.D.; Dunnavant, F.D.; Jarman, T.; Deutch, A.Y. Effects of 
antipsychotic drugs on neurogenesis in the forebrain of the adult 

rat. Neuropsychopharmacology, 2004, 29, 1230-8. 
[16] Wakade C.G.; Mahadik, S.P.; Waller, J.L.; Chiu F.C. J. Atypical 

neuroleptics stimulate neurogenesis in adult rat brain. Neurosci. 
Res., 2002, 69, 72-9. 

[17] Speakman, J.R.; Talbot, D.A.; Selman, C.; Snart, S.; McLaren, J.S.; 
Redman, P.; Krol, E.; Jackson, D.M.; Johnson, M.S.; Brand, M.D. 

Uncoupled and surviving: individual mice with high metabolism 
have greater mitochondrial uncoupling and live longer. Aging Cell,
2004, 3, 87-95. 

[18] Nasrallah, H.A. Atypical antipsychotic-induced metabolic side 

effects: insights from receptor-binding profiles. Mol. Psychiatry,
2008, 13, 27-35. 

[19] Brannan, T.; Weinberger, J.; Knott, P.; Taff, I.; Kaufmann, H.; 
Togasak, D.; Nieves-Rosa, J.; Maker, H.L. Direct evidence of 

acute, massive striatal dopamine release in gerbils with unilateral 
strokes. Stroke, 1987, 18, 108-110. 

[20] Surmeier, D.J.; Bargas, J.; Hemmings, H.C.; Nairn, A.C.; 
Greengard, P. Modulation of calcium currents by D1 dopaminergic 

protein kinase/phosphatase cascade in rat neostriatal neurons. 
Neuron, 1995, 14, 385-397. 

[21] Khan, F.H.; Saha, M.; Chakrabarti, S. Dopamine induced protein 
damage in mitochondrial synaptosomal fraction of the brain. Brain 
Res., 2001, 895, 245-249. 

[22] Reinhard, J.F.; Liebmann, J.E.; Schlosberg, A.J.; Moskowitz, M.A. 

Seratonin neurons project to small blood vessels in the brain. 
Science, 1979, 206, 85-87. 

[23] Nedegard, S.; Engberg, I.; Flatman, J.A. The modulation of excita-
tory amino acid responses by seratonin in the cat neocortex in vitro.

Cell Mol. Neurobiol., 1987, 7, 367-379. 
[24] Marx, E.C.; Duncan, E.G.; Gilmore, J.H.; Lieberman, A.J.; Mor-

row, L.A. Olanzapine increases allopregnanolone in the rat cerebral 
cortex. J. Biol. Psychol., 2000, 47, 1000-1004. 

[25] Frank, C.; Sagratella, S. Neuroprotective effects of alloprgnaolone 
on hippocampal irreversible neurotoxicity in vitro. Prog. Neuro-

psychopharmacol. Biol. Psychiatry, 2000, 24, 1117-1126. 
[26] Leysen, JE. 5-HT2 receptors. Curr. Drug Targets CNS. Neurol. 

Disord., 2004, 3, 11-26. 
[27] Capone, C.; Fabrizi, C.; Piovesan, P.; Principato, M.C.; Marzorati, 

P.; Ghirardi, O.; Fumagalli, L.; Carminati, P.; De Simoni, M.G. 2-
Aminotetraline derivative protects from ischemia/reperfusion brain 



282    Medicinal Chemistry, 2009, Vol. 5, No. 3 Yulu  and Kilic 

injury with a broad therapeutic window. Neuropsychopharmacol-
ogy, 2007, 32, 1302-11.  

[28] Rashid, M.; Manivet, P.; Nishio, H.; Pratuangdejkul, J.; Rajab, M.; 

Ishiguro, M.; Launay, J.M.; Nagatomo, T. Identification of the 
binding sites and selectivity of sarpogrelate, a novel 5-HT2 antago-

nist, to human 5-HT2A, 5-HT2B and 5-HT2C receptor subtypes by 
molecular modeling. Life. Sci., 2003, 73, 193-207.  

[29] Hara, H; Osakabe, M; Kitajima, A; Tamao, Y; Kikumoto, R. MCI-
9042, a new antiplatelet agent is a selective S2-serotonergic recep-

tor antagonist. Thromb. Haemost., 1991,65, 415-420.  
[30] Hara, H; Kitajima, A; Tamao, Y. Improvement of red blood cell 

deformability by a new anti-platelet agent. MCI-9042. Clin. 
Hemorheol., 1991, 12, 267-277. 

[31] Nishihira, K; Yamashita, A; Tanaka, N; Kawamoto, R; Imamura, 
T; Yamamoto, R; Eto, T; Asada, Y. Inhibition of 5-hydroxy-

tryptamine receptor prevents occlusive thrombus formation on 
neointima of the rabbit femoral artery. J. Thromb. Haemost., 2006,

4, 247-255. 
[32] Lee, H.J; Ban, J.Y; Seong, Y.H. Blockade of 5-HT(3) receptor with 

MDL7222 and Y25130 reduces hydrogen peroxide-induced neuro-
toxicity in cultured rat cortical cells. Life Sci., 2005, 78, 294-300. 

[33] Ban, J.Y; Seong, Y.H. Blockade of 5-HT(3) receptor with MDL 
72222 and Y 25130 reduces beta-amyloid protein (25--35)-induced 

neurotoxicity in cultured rat cortical neurons. Eur. J. Pharmacol.,
2005, 520, 12-21.  

[34] Kagami-ishi, Y; Shigenobu, S; Watanabe, S. Neuroprotective effect 
of 5-HT3 receptor antagonist on ischemia-induced decrease in CA1 

field potential in rat hippocampal slices. Eur. J. Pharmacol., 1992,
224, 51-56.  

[35] Candelario-Jalil, E; Muñoz, E; Fiebich, B.L. Detrimental effects of 

tropisetron on permanent ischemic stroke in the rat. BMC Neuro-
sci., 2008, 9, 19. 

[36] Wooltorton, E. Olanzapine: increased incidence of cerebrovascular 
events in dementia trials. Can. Med. Assoc. J., 2004, 170, 1395. 

[37] Shi, J.; Perry, G.; Smith, M.A.; Friedland, R.P. Vascular abnor-
malities: the insidious pathogenesis of Alzheimer’s disease. 

Neurobiol. Aging, 2000, 21, 357-361. 
[38] Choi, E.K.; Park, D.; Yon, J.M.; Hur, G.H.; Ha, Y.C.; Che, J.H.; 

Kim, J.; Shin, S.; Jang, J.Y.; Hwang, S.Y.; Seong, Y.H.; Kim, D.J.; 
Kim, J.C.; Kim, Y.B. Protection by sustained release of physostig-

mine and procyclidine of soman poisoning in rats. Eur. J. 
Pharmacol., 2004, 28, 83-91. 

[39] Jonnala R.R.; Graham 3rd, J.H.; Terry Jr, AV.; Beach, J.W.; 
Young, J.A.; Buccafusco, J.J. Relative levels of cytoprotection pro-

duced by analogs of choline and the role of alpha7-nicotinic acetyl-
choline receptors. Synapse, 2003, 15, 262-269. 

[40] Tanaka, K.; Mizukawa, K.; Ogawa, N.; Mori, A. Post-ischemic 
administration of the acetylcholinesterase inhibitor ENA-713 pre-

vents delayed neuronal death in the gerbil hippocampus. 
Neurochem. Res., 1995, 20, 663-667. 

[41] Callaghan J.T.; Bergstrom R.F.; Ptak R.L.; Beasley M.C. 
Olanzapine; pharmacokinetic and pharmacodynamic profile. Clin. 
Pharmacokinet., 1999, 37, 177-193. 

[42] Witte, O.W.; Bidmon, H.J.; Schiene, K.;Redecker, C.; Hagemann, 

G. J. Functional differentiation of multiple perilesional zones after 
focal cerebral ischemia. Cereb. Blood. Flow Metab., 2000, 20,

1149-65.  

Received: 17 December, 2008 Revised: 25 February, 2009 Accepted: 26 February, 2009 


