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Neuroprotective effect of ziprasidone: Preliminary results compared to haloperidol
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Typical and atypical antipsychotic drugs are widely used to treat psychosis. The 
present study investigated whether ziprasidone, an atypical antipsychotic drug, 
has a neuroprotective effect on hippocampal neurons in rats with experimentally-
induced transient cerebral ischemia comparatively with haloperidol which is a typical 
antipsychotic. Transient cerebral ischemia was induced by 10-minute occlusion of 
bilateral carotis communis arteries. The rats were divided into four groups: Sham-
operated control group (Group I), ischemia control group (Group II), haloperidol-treated 
group (Group III) and ziprasidone-treated group (Group IV). Following 10-minute 
ischemia, Group III received 1mg/kg haloperidol intramuscularly and Group IV received 
2.5 mg/kg ziprasidone intraperitoneally.  The animals were sacrificed on the seventh day 
following induced ischemia to determine the number of intact neurons at hippocampus 
and dentate gyrus to demonstrate the effects of ischemia and efficacy of the treatments 
administered. Surviving cell numbers were found in the sham operated group; 198,  in 
the ischemia control group; 80,  in the haloperidol-treated group; 185, in ziprasidone-
treated group; 189. The groups showed significant difference in the comparison of the 
surviving cell numbers. However, the number of surviving cells did not significantly 
different between the ziprasidone and haloperidol-treated group. Previous studies with 
the ischemia model have demonstrated protective effects of haloperidol on hippocampal 
region. The findings of the present study show that ziprasidone, which is an atypical 
antipsychotic drug, may produce neuroprotective effects as potent as haloperidol, which 
is a typical antipsychotic drug. 
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1. Introduction
Antipsychotic drugs are widely used in the treatment of 
schizophrenia. These agents also have some beneficial 
effects beyond their effectiveness as antipsychotic drugs. 
Among these effects, they are also considered to have some 
neuroprotective effects in the brain (Yulug et al., 2006a; 
Yulug et al.,  2006b) Recent in vivo and in vitro experiments 
have demonstrated that second-generation antipsychotic 
drugs might also have neuroprotective effects (Park et al., 
2006; Park et al., 2009). 
 The typical antipsychotic drug haloperidol is an 
antagonist of dopamine sigma-1 receptors and it potently 
protects neurons against oxidative stress-related cell death 
in vitro at low concentrations. Some atypical antipsychotics 
such as olanzapine and risperidone also showed significant 
neuroprotection after permanent focal cerebral ischemia in 

previous studies (Roh et al., 2008).
 Ziprasidone has a high affinity antagonist activity 
to dopamine D2 receptors, inverse agonist activity at 
serotonin 5-hydroxytryptamine (5-HT)2A receptors and 
agonist activity at 5-HT1A receptors. It also has a moderate 
affinity for histamine receptors. There is currently no study 
on neuroprotective effects of ziprasidone, an atypical 
antipsychotic drug, approved by the American Food and 
Drug Administration (FDA) in 2001, regarding its effects in 
animal ischemia model (Nemeroff et al., 2005). 
 This study’s aim is to investigate the ziprasidone’s 
neuroprotective effects, comparatively with haloperidol, on 
rat hippocampal neurons in transient focal cerebral ischemia, 
which is a common disorder in neurology and neurosurgery 
practices. 
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2. Materials and methods
Experimental groups 
Group I (n=5; Sham-operated control group): In this 
group, bilateral carotis communis arteries were exposed by 
a transverse incision at the cervical midline and then the 
skin was covered with 3-0 silk. After 7 days, perfusion and 
fixation were performed as described above. 
Group II (n=5; Ischemia control group): As in the Group 
I, bilateral the carotis communis arteries were exposed by 
a transverse incision in the animals in this group. Bilateral 
carotis communis arteries were clipped by aneurysm clips for 
10 minutes to induce focal cerebral ischemia. The clips were 
then released to induce reperfusion. The skin was sutured 
with 3-0 silk. No treatment was administered to the rats in 
this group. As in the Group I, perfusion and fixation were 
performed 7 days after the induced ischemia. 
Group III (n=5; Ziprasidone treated group): As in the 
Group II, focal cerebral ischemia was induced by clipping 
bilateral carotis communis arteries for 10 minutes in this group 
of animals and one minute after reperfusion, each rat received 
an intraperitoneal injection of 2.5mg/kg ziprasidone. The skin 
was covered with 3-0 silk. As in the  Group II, perfusion and 
fixation were performed 7 days after the induced ischemia. 
Group IV (n=5; Haloperidol treated group): As in the 
Group III, focal cerebral ischemia and reperfusion was 
induced in this group of animals, and one minute after 
reperfusion, each rat received an intramuscular injection of 
1.0 mg/kg haloperidol. The skin was sutured with 3-0 silk. 
As in the Group III, perfusion and fixation were performed 7 
days after the induced ischemia. 

Induction of transient focal cerebral ischemia
The experimental procedures and protocols used in this study 
were reviewed and approved by our Institutional Committee 
on Animal Research. The experiments were carried out on 
twenty adult male Wistar albino rats weighting 250-300g. The 
animals were starved overnight and anesthesia was induced 
in rats with intraperitoneal injection of 60 mg/kg ketamine 
(Ketalar, Parke-Davis, Eczacıbaşı, Istanbul, Turkey) and 
9 mg/kg Xylazine (Rompun, Bayer, Istanbul, Turkey). 
Additional doses were administered as needed during 
surgery. Body temperatures were monitored using a rectal 
thermometer and was maintained at 37ºC by heating lamps. 
The rats were fixed at the supine position. Bilateral the carotis 
communis arteries were exposed by a transverse incision at 
the cervical midline and were clipped for 10 minutes period 
by using Yaşargil Aneurysm Clips. The clips were then 
released to induce reperfusion. The rats were administered 
2.5mg/kg ziprasidone (Zeldox, Pfizer, Istanbul, Turkey) 
inraperitoneally and 1mg/kg haloperidol (Norodol, Ali Raif, 
Istanbul, Turkey) intramuscularly. The doses of these drugs 
were selected from the study of Park et al (2006). Both the 
treated and untreated rats were prepared for histopathological 
analyses after 7 days of ischemia induction. Two hundreds 
mL heparinized saline (0.09%) was administered through the 
intracardiac route for perfusion. Fixation was then achieved 
with formaldehyde 10% solution with 0.1 M phosphate 
buffer. Brains were removed as a whole by wide craniectomy 
and were placed in formaldehyde 10% solution with 0.1 M 
phosphate buffer as previously described (Iwasaki et al., 
1989; Ozdemir et al., 2013).

Histological evaluation
Coronal samples were collected from the brain region 
including the hippocampus (3.3-3.5 mm posterior of the 
bregma). The tissues were monitored for 13 hours in the 
automated tissue processor (Thermo Shandon Excelsior ES). 
This process involved treatment of tissues with two cups of 
formaldehyde, 4 cups of alcohol (70, 80, 95 and 100%), 2 cups 
of xylol and 2 cups of paraffin, respectively. After monitoring, 
the tissues were immersed in paraffin. From the paraffin 
blocks, serial sections with 4µm thicknesses were collected 
from the hippocampal regions and dentate gyrus (3.3-3.5 mm 
posterior of the bregma) in rotary type microtome (Thermo 
Shandon Finesse 325. Massachusetts, A.B.D.). The sections 
were stained with hematoxylin and eosin to evaluate ischemic 
changes. 
 Degenerative changes were analyzed in hypoxic neurons. 
Nuclear changes (nuclear condensation, nucleoli loss, 
pyknosis, irregular nuclear membrane) and cytoplasmic 
changes (cytoplasmic acidophily and vacuolization) were 
studied. Nuclear changes and cytoplasmic eosinophilia leads 
to ‘red neuron’ appearance. Thus, red neurons were evaluated 
as affected cells while neurons with clear cytoplasm and 
distinguished nucleoli were taken as unaffected cells. Readings 
were taken by using the Olympus CX31 light microscope x10 
option (objective 10, ocular 10). Hippocampus and dentate 
gyrus regions were analyzed by investigators blinded to 
experiment groups. All intact neurons in these regions were 
counted and were averaged.

Statistical analysis 
For statistical analyses, intergroup differences were studied 
using Kruskal Wallis test. Paired comparisons used Mann 
Whitney U test with SPSS version 16 (SPSS Inc. Chicago, 
USA). Statistical significance was set at p<0.05. 

3. Results
The intact and affected (degenerated) neurons were 
demonstrated in the developed sections using hematoxylin 
eosin stain (Fig. 1). Median, minimum and maximum values 
of neural cell survival in hippocampal regions and dentate 
gyrus were estimated. Mean number of intact cells was found 
in the control group 198; in the sham operated group 80; in the 
haloperidol group 185; in the ziprasidone group 189 (Fig. 2). 
There are no significant differences between each histological 
areas according to the number of intact cells (p=0.07) (Table 
1). The comparison of the number of intact cells between 4 
groups showed significant difference with Kruskal Wallis test 
(p=0.001). The number of surviving cells in both haloperidole 
and ziprasidone groups were significantly higher compaired 
with ischemia control group (Group II-III, Group II-IV,  
Z=-2.619, p=0.009). The number of surviving cells in both 
haloperidole and ziprasidone groups were significantly lower 
when compaired with the sham-operated control group 
(Group I-III, Group I-IV, Z=-2.619, p=0.009). However, the 
number of surviving cells were not significantly different 
between the ziprasidone and the haloperidol-treated group 
(Group III-IV, Z= -1.803, p= 0.07). 

4. Discussion 
Interest in role of neurotransmitters in ischemia resulted 
in studies establishing that releases of not only glutamate 
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but also other neurotransmitters are important for the 
development of ischemic neuronal damage (Globus et al, 
1988; Meldrum, 1989). It has been shown that there is a large 
increase in dopamine and serotonin during ischemia which 
are involved in ischemic neuronal damage and related to the 
severity of ischemic insult in the brain  (Richards et al., 1993; 
Hashimoto et al., 1994).
 In the light of these findings, it can be hypothesized that 
antipsychotic agents could prevent or delay cerebral ischemia 
via their antidopaminergic and antiserotonergic effects. 
However, the neuroprotective effects of the classical mood 
stabilizers “lithium and valproate” and clinical evidence 
suggesting some mood stabilizing effects of the atypical 

antipsychotics would provide further rationale to investigate 
neuroprotective effects of these agents after cerebral ischemia 
(Dunn et al., 1998; Johannessen, 2000). In this respect, the 
neuroprotective effects of atypical antipsychotic agents 
have been already shown by several in vivo and in vitro 
experimental models (Bai et al., 2004). 
 Previous studies indicate that Sigma-1 receptors are 
capable of mediating protection against cerebral ischemic 
stroke (Maurice and Su, 2009). The results of an experimental 
study indicated that low levels of the antipsychotic drug 
haloperidol significantly protected against oxidative stress-
induced cell death and it might have a novel application 
as a protective agent against ischemic cerebral  stroke and 
other types of brain injury. This study also suggested that the 
protective potency of haloperidol positively correlates with 
their affinity for a Sigma-1 receptor, and the neuroprotection 
is mediated by antagonizing the Sigma-1 receptors.  (Schetz 
et al., 2007).   
 In our study, a marked reduction was observed in the 
average number of affected neurons at the hippocampus 
and dentate gyrus regions with haloperidol treatment after 
cerebral ischemia. We believe that, this neuroprotective 
activity is associated with a similar mechanism. 
 Ziprasidone is a novel benzisothiazolylpiperazine 
antipsychotic that shares only modest structural homology 
with other members of the diverse class of atypical or second-
generation antipsychotics. Among atypical antipsychotics, 
ziprasidone is unique in exhibiting inverse agonist activity 
at serotonin 5-HT2A receptors, agonist activity at 5-HT1A 
receptors, and antagonist activity at 5-HT1D and 5-HT2C 
receptors (Schmidt et al., 2001; Shapiro et al., 2003; DeLeon 
et al., 2004; Nemeroff et al., 2005).
 Ziprasidone also differs from other atypical antipsychotics 
in having a high affinity for the serotonin and norepinephrine 
transporters. In vitro ziprasidone demonstrates reuptake 
inhibitory effects that are comparable to imipramine raising 
the possibility that ziprasidone may both have significant 
efficacy in the treatment of depressive symptoms, and the 
ability to promote hippocampal neurogenesis and reduce 
the neuronal cell loss observed in both affective illness and 
schizophrenia (Arango et al., 2001; Duman, 2004; Roh et al., 
2008).   
 Among the different 5-HT receptors, the 5-HT1A receptor 
subtype seems to attenuate excitotoxicity. Stimulation of 
the 5-HT1A receptor may play a role in neuronal survival 
(Raymond et al., 2001; Madhavan et al., 2003). 5-HT1A 
receptor stimulation rescued cultured hippocampal neurons 
from glutamate-mediated excitotoxicity and protected 
against ischemic neuronal cell death (Nakata et al., 1997; 
Harkany et al., 2001; Madhavan et al., 2003). Previous 
studies have shown that 5-HT1A receptor stimulation can 

Fig. 1. Photomicrographs showing hippocampal tissue (Cornu 
Ammonis area) of all groups. Protective effect 
of ziprasidone and haloperidol against ischemia-
mediated cell loss in the hippocampus of the rats; 
arrows indicate location of the affected  neurons with 
homogenous eosinophilic cytoplasm and pycnotic 
nuclei (hemotoxylen-eosin staining).

Fig. 2. Median (minimum-maximum) number of intact cells by 
groups counted at the hippocampus are demonstrated 
in the figure above.

Table 1.  Comparison of each paired groups with Mann Whitney U test. Statistically significant effects are indicated with asterisks (*)

Survival cells Group I Group II       Group III       Group IV p value

Median 198 80 185 189 Group I- Group II 0.009*
(Minimum-maximum) 195-200 67-86                 182-190                    187-190 Group I- Group III 0.009*

Group I- Group IV 0.009*

Group II- Group III 0.009*

Group II- Group IV 0.009*

Group III- Group IV 0.070*

Çınar et al.
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modulate NMDA receptor-induced Ca2+ influx (Strosznajder 
et al., 1996; Matsuyama et al., 1997; Madhavan et al., 2003). 
Other mechanisms, in addition to inhibition of  N-methyl-
D-aspartate (NMDA)-induced Ca2+ influx, may be important 
in the neuroprotection resulting from 5-HT1A receptor 
stimulation. Madhavan et al. suggested that 5-HT1A receptor 
stimulation protects against NMDA-mediated apoptotic cell 
death in both striatal and nigral neurons (Madhavan et al., 
2003). Prehn et al. (1993) suggest that 5-HT, released during 
ischemia, may have protective effects in the pathophysiology 
of ischemic brain damage through a direct action on neurons 
mediated via the inhibitory 5-HT1A receptor subtype. Park 
et al. (2006; 2009) suggested that ziprasidone and quetiapine 
might have effect on the expression of the neuroprotective 
protein brain-derived neurotrophic factor (BDNF) in the rat 
hippocampus and neocortex. The present study showed that 
the number of intact hippocampal cells were significantly 

higher in the ziprasidone-treated group compared to the 
controls. This neuroprotective activity may be explained by 
the agonist activity for 5-HT1A receptors and the effect of 
BDNF, which were described previously. 
 This study showed that post-ischemic treatment with 
haloperidol and ziprasidone reduced the ischemic neuronal 
damage in the hippocampus and dentate gyrus and provided 
neuroprotection against transient cerebral ischemia. 
Comparison of these agents’in terms of the  neuroprotective 
effects was made. However, any statistically significant 
difference wasn’t yield in survival rate of neural cells.
 Administration of ziprasidone can be neuroprotective and 
the potential clinical usefulness of ziprasidone may prevent  
neuronal loss in the forebrain ischemia. Further experiments 
to evaluate the long-term clinical reflections of such 
neuroprotective effects of typical and atypical neuroleptics 
are needed. 
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