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Abstract

Lurasidone is a novel antipsychotic agent approved for the treatment of schizophrenia and various
mental diseases in many countries. In this study, neuroprotection of Lurasidone by antagonist activities
of histamine was investigated in a cranial nerve involvement mouse model. The antagonist activities of
Lurasidone for serotonin 5-HT7, serotonin 5-HT2A, serotonin 5-HT1A and dopamine D2 were analyzed
and the preclinical therapeutic effects of Lurasidone were studied in a cranial nerve involvement mouse
model. This study also assessed safety, maximum tolerated dose (MTD), and preliminary protective
activity of Lurasidone in a cranial nerve involvement mouse model. The therapeutic dose was 0.14 mg
once daily administered continuously in 30-day cycles. Our results found that our clinical prescriptions
induced positive behavioral responses after treatment with Lurasidone. MTD was identified as once
daily Lurasidone 0.32 mg. The most common treatment-related treatment-emergent adverse events were
proteinuria 30% and nausea 40%. Long-term treatment of Lurasidone for cranial nerve involvement
has been shown to better therapeutic effects and reduced anxiety of experimental mice. In addition,
treatment of Lurasidone did not affect body weight. Expression of Foxp2 and Neuroglobin was increased
and the neuroprotective protein SxIP and EB were decreased in cortical astrocytes cells of the
schizophrenia mice after Lurasidone treatment. Lurasidone therapy showed a reinforced memory
capability and anxiety decreasing. In conclusion, the Lurasidone treatment may protect against
language disturbances associated with negative and cognitive impairments in a cranial nerve
involvement mouse model, which provide a basis for clinical treatment of patients with cranial nerve
involvement.
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Introduction
Schizophrenia is one of the most common mental disorder
diseases that impacts approximately more than one percent of
the adult population all over the world [1]. Patients with
schizophrenia often suffer from perplexing psychiatric with
cognitive, language, memory and behavior impairment [2,3].
Moreover, children patients with schizophrenia often have to
drop out from school and receive poor education due to the
often chronic course of illness, which further reduce the quality
of life, impairment in independent living and major socio-
occupational dysfunction [4]. Furthermore, cognitive
impairment is the key characterization of schizophrenia and the
neuroprotective agents for neurocognitive treatment have been
in research and development state according to cognitive
deficits across multiple domains in substantial intellectual
impairment [5,6]. Though the negative influences of
schizophrenia for human life and social order are well
understood, the treatment of this kind of disease is still

remaining less optimistic and mechanism of these treatments
are required to be clearly elaborated [7].

In recent years, the function of neuroprotection factors for
schizophrenia study has been valued for increasing interest. In
addition, neuroprotection agents have developed a therapeutic
strategy to prevent deterioration associated with schizophrenia
and repair the damaged neurons with the purpose of treatment
[8]. Furthermore, previous study has evidenced that
schizophrenia patients converted to psychosis were found to
associate with progressive gray matter loss in the intracranial
cortex, which suggests neuroprotection possesses the
maintenance of the functional integrity of the brain in response
to neurobiological stress and could protects neuron against
nerve injury [9]. Therefore, neuroprotective agents were not
only beneficial to understand the mechanisms of schizophrenia
but also improve outcomes for patients with schizophrenia.

Histamine is essential for occurrence, development and
deterioration of schizophrenia that has become a focus in the
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treatment of mental disorder diseases and antipsychotic agents
are following come out as medical development. Additionally,
Lurasidone also was identified as a therapy with lithium or
valproate for the treatment of bipolar I depression [10]. The
key therapeutic effects of Lurasidone are depended on
antagonist activities of for serotonin 5-HT2A, serotonin 5-
HT1A, serotonin 5-HT7 and dopamine D2 [11]. Furthermore,
the efficacy and safety of Lurasidone for schizophrenia therapy
has been well understood from clinical trials [11]. However,
neuroprotection of Lurasidone for patients with schizophrenia
is not clearly understood.

In this present study, we investigated the efficacy of
Lurasidone in a schizophrenia mouse model. On the basis of
the aforementioned evidence, our results further explored the
preclinical efficacy and beneficial outcomes of Lurasidone.
Our date showed that Lurasidone down-regulated 5-HT2A, 5-
HT1A, 5-HT7, D2 and extended overall survival of
schizophrenia mice compared with PBS-treated mice. This
study also suggests that cognitive ability were improved after
treatment with Lurasidone.

Methods

Analysis of histamine expression
We analyzed 5-HT2A, 5-HT1A, 5-HT7 and D2 in the
cerebrospinal fluid in mice with schizophrenia by using
commercialized Mouse ELISA Kit. The ELISA assays were
performed according to the manufacturer’s protocols. The
result was measured at 450 nm in an ELISA reader and finally
conversed to finial concentrations.

Real-Time quantitative PCR (RT-qPCR)

Total RNA was extracted from mice cortical astrocytes cells by
using RNAeasy Mini Kit (QIAGEN, Gaithersburg, MD) and
subjected to transcribe into cDNA by using the reverse
transcription kit (QIAGEN, Gaithersburg, MD). The cDNA (10
ng) was used for real-time quantitative PCR (Bio-Rad, MD,
USA). Relative mRNA expression changes were calculated by
2−ΔΔCt. The results are expressed as the n-fold way compared
to control.

Lurasidone treatment effects on mice with
schizophrenia

Six to eight week old BALB/c was purchased and induced by
methionine to form schizophrenia model. The schizophrenia
mice were randomized into two groups and injected
intravenously with Lurasidone (0.32 mg) as PBS as control.
The total therapeutic times were 14 times once daily. All
experimental mice procedures were performed and approved
according to the guidelines of Animal Care and Use
Committee of Tianjin medical university.

Experiment of elevated plus maze
Schizophrenia mice were purchased and feed in diurnal cycle
environment for our design analysis. Anxiety of mice was
evaluated by the elevated plus maze trial based on the
hypothesis that mice bearded fear of open field. The details of
elevated plus maze trial were descripted in previous study and
the space was amplified three times in a size of 100 cm × 20
cm × 80 cm [12]. The experimental mice with schizophrenia
were placed into the center of the elevated plus maze. The
schizophrenia mice were made to face an open arm for a total
five minutes. The time spent in the open and closed arms was
recorded and calculated by employing the formula: D2 = (B -
A)/ (B + A). A represented the time spent in open arm and the
B represented the time spent in closed arm. The anxious
behavior was measured by above formula.

Statistical methods
All data were present as means and SEM of triplicate.
Unpaired data was determined by Student’s t test and
comparisons of data between multiple groups were analysed by
variance (ANOVA). Kaplan-Meier was used to estimate the
risk of relapse and re-treatment during 368-day treatment.
*P<0.05 and **P<0.01 was considered statistically significant.

Results and Discussion

Treatment duration, Dose-limiting toxicities and
maximum tolerated dose of Lurasidone
A novel antipsychotic agent Lurasidone was approved for
treatment of patients with schizophrenia and it was identified
as adjunctive therapy with lithium or valproate for the
treatment of bipolar I depression [10]. In this study, Lurasidone
was selected to investigate neuroprotection. Treatment
duration, Dose-limiting toxicities and maximum tolerated dose
are essential for drugs in clinical application [13]. Therefore,
median overall treatment duration was identified as 30 days
and across dosing cohorts were 0.12, 0.18, 0.24, 0.32 and 0.40
mg. In this study, 0.32 mg of Lurasidone once daily was
identified as the maximum tolerated dose (MTD). All the
experimental mice were received Lurasidone once daily. We
observed the most common treatment-related adverse events
were hypertension, vomiting, lethargy, proteinuria, fatigue and
constipation (Figures 1A-1E).

Detection of histamine changes in cerebrospinal fluid
cranial in nerve involvement mouse model
Schizophrenia is well known to be related with neuronal
dysfunction and neuroprotection is beneficial for schizophrenia
therapy in microenvironment in brain [14]. Lurasidone is
similar to the most antipsychotic drugs that possesses
antagonist at serotonin 5-HT7, serotonin 5-HT2A, serotonin 5-
HT1A and dopamine D2, respectively [15]. Subsequently,
histamine changes were detected in the cerebrospinal fluid in
mice with schizophrenia prior and post treatment with
Lurasidone. Our results in Figures 2A-2D showed that the
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concentration of 5-HT2A, 5-HT1A, 5-HT7 and D2 was elevated
in mice with chronic schizophrenia compared with healthy
mice. However, histamine levels in chronic schizophrenia mice
were decreased after Lurasidone treatment. Our date indicated

that 5-HT2A, 5-HT1A, 5-HT7 and D2 concentration was
recovered to normal levels after treatment with Lurasidone
compared to healthy mice.

Figure 1. Identify MTD dose and treatment-related adverse events of Lurasidone. Incidence rate of side-effects on hypertension (A), vomiting (B),
lethargy (C), proteinuria (D), and anxiety (E) (**P < 0.01 for differences between Lurasidone-treated and control group).

Figure 2. Expression changes of histamine in the neuron cells from schizophrenia mice. Expression of 5-HT2A (A), 5-HT1A (B), 5-HT7 (C) and D2
(D) in the neuron cells of schizophrenia mice prior and post treatment with Lurasidone. Data are expressed as mean ± SD. Student’s t test and
One way ANOVA showed a statistically significant effect of treatment with cooperative therapy (**P < 0.01 for differences between Lurasidone-
treated and control group).
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Figure 3. Long-term therapeutic effects of Lurasidone therapy for schizophrenia mice. (A) PANSS Total Scores in different treatment schizophrenia
mice in a 7-week observation. (B) Kaplan-Meier estimated the risk of relapse in a 180-day treatment period. (C) Kaplan-Meier estimated the
probability of retreatment during treatment with Lurasidone. (D) The cumulative remission was evaluated in long-term observation. Student’s t
test and One way ANOVA showed a statistically significant effect of treatment with cooperative therapy (**P<0.01 for differences between
Lurasidone-treated and control group).

Figure 4. Efficacy of Lurasidone on neuroprotection-related protein
expression and anxiety in schizophrenia mice. (A) Relative
neuroprotection-related protein expression of Foxp2, SxIP,
Neuroglobin and EB. (B) Body weight changes in the schizophrenia
mice after long-term treatment. (C) Object recognition and short
retention memory test in schizophrenia mice after long-term
treatment with Lurasidone. (D) Anxiety of schizophrenia mice was
assessed by elevated plus-maze test. Data are expressed as mean ±
SD and total time spent exploring all objects designated by relative
discrimination index (D2) = (time in close arms – time in open arms)/
(time in close arms + time in open arms). One way ANOVA showed a
statistically significant effect of treatment with cooperative therapy
(**P<0.01).

Therapeutic effects of Lurasidone on a schizophrenia
mouse model
Mechanism studies upon schizophrenia have indicated that
PANSS total score are height correlation with the progress of
schizophrenia [16-19]. The result in Figure 3A showed that
PANSS total score was lower in Lurasidone-treated cranial
nerve involvement mice compared to control group. From our
date we demonstrated that PANSS score was 38.45 ± 7.55,
while control-treated mice presented a higher PANSS score. In
addition, reports have shown that long-term survival and
relapse rate are potential detection index for patients with
schizophrenia [20-22]. The results in Figure 3B showed that
Lurasidone prolonged the survival of mice with schizophrenia
based on 180-day preclinical observation. Furthermore, the
result in Figure 3C showed a lower risk of relapse rate after
Lurasidone treatment compared to control. Also, Figure 3D
demonstrated that Lurasidone therapy significantly decreased
the risk of re-treatment in 180-day observation and indicated
that treatment significantly relieved higher rates of remission.

Neuroprotection of Lurasidone on mice with
schizophrenia
Neuroprotection-related protein expressions have been found
to play an important role in the pathogenesis of schizophrenia
[23]. Neuroprotective protein of Foxp2, SxIP, Neuroglobin and
EB mRNA levels were analyzed in this work. Foxp2, SxIP, EB
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and Neuroglobin expressions were increased in the brain
neuron from the schizophrenia mice after Lurasidone treatment
(Figure 4A), which led to neuroprotection and synaptic
plasticity. Moreover, we observed that treatment of Lurasidone
slightly affected body weight, while placebo group mice
showed a decreasing body weight (Figure 4B). In addition,
anxiety is the most important characteristics for schizophrenia
[24]. The behavior of schizophrenia mice was assessed by an
elevated plus maze and recognition test. The anxiety behavior
of schizophrenia mice was assessed by an elevated plus maze
and recognition test. Our results in Figure 4C showed
Lurasidone treatment relieved the anxiety degree of the
schizophrenia mice (discrimination index-D2, 0.725 vs 0.041
**P=0.0062, respectively). Furthermore, the results in
Figure 4D showed that discrimination index was 0.846 vs
0.161 in Lurasidone and control, respectively (**P=0.0031),
which showed a reinforced memory capability after Lurasidone
treatment compared to control.

In conclusion, the antagonist of Lurasidone for histamine
receptors was confirmed and neuroprotection was found in
mice with schizophrenia. Our date demonstrated the MTD of
Lurasidone was 0.32 mg once daily and body weight was
minimal affected in the treatment of schizophrenia mice. Taken
together, Lurasidone represented a better efficacy for anxiety in
schizophrenia mice with few side-effects for experimental
mice.
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