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Abstract 

Extrapyramidal symptoms (EPS) are undesired side-effects of 
antipsychotic treatments which include tremors, akathisia and 
Parkinsonism. The new generation of antipsychotics are expected to 
induce less EPS, however, these EPS still occurred in patients. The aim of 
this study was to optimize and implement a novel and robust protocol to 
evaluate the apparition of EPS and rank the intensity of those symptoms 
while screening new phenothiazine analogues. This method is based 
on the phenotypical assessment of two mouse strains during a battery 
of motor and sensorimotor tests after the injection of clozapine, the 
lead compound of atypical antipsychotics. In preclinical studies, these 
symptoms are challenging to identify since only the catalepsy test can 
predict the occurrence of EPS in rodents. We have identified mouse strains 
for translational drug development based on a simple and rapid battery of 
tests using drug-induced EPS such as locomotor activity and catalepsy. 
In sensorimotor tasks, clozapine treatment (5 and 10 mg/kg) in C57BL/6 
induced a rapid impairment in string agility and deficits in beam-walking 
test, while it had very mild effect on MRL/lpr mice. Based on these 
results, the use of both mouse strains combined with beam-walking test 
and string agility test represents a suitable and sensitive in vivo screening 
method to evaluate the occurrence of antipsychotic-induced EPS for the 
development of new phenothiazine analogues.

Keywords: Clozapine; MRL/Lpr; Extrapyramidal Symptoms; Beam-
Walking Test; String Agility

Abbreviations: APMs-Antipsychotic Medications; Clz-Clozapine; 
Clz-NO-Clozapine N-Oxide; CNS-Central Nervous System; EPS-
Extrapyramidal Symptoms; Lpr-Lymphoproliferation; MRL/lpr-MRL/
Mp-Faslpr/Faslpr ; MRL-Murphy Roths Large; N-DMClz-N-Desmethyl 
Clozapine

Introduction

Preclinical studies for the development of antipsychotic medications 
(APMs) are complex and challenging due to the lack of appropriate and 
predictive models for multifactorial psychiatric disorders that recapitulate 
all the disease features. A large panel of therapies has been developed 
over the years. The first typical APMs, found by serendipity in 1949, owe 
their efficacy through their ability to modulate the dopamine-mediated 
neurotransmission [1]. However, those treatments induce pronounced 
disabling side effects including extrapyramidal symptoms (EPS) [2; 3], 
which are characterized by movement disorders such as parkinsonian 
syndrome, dystonia and akathisia [4]. Long-term APMs treatment can 
further lead to tardive dyskinesia, which are involuntary contractions of 
both orofacial muscles and muscles involved in limb and trunk movement 
[5-7]. A second generation of APMs, based on the modulation of different 
receptors, has been developed to overcome these unwanted side effects. 
However, even if the latter were designed to lower the risk of developing 
EPS, the appearance of such disabling conditions was still common 
in patients treated for psychosis, leading the scientists to question the 
overall gain of the second-generation treatment [8; 9]. In particular, the 
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assessment of drug-induced adverse effects is often disregarded even 
though they constitute a real burden for the patients. One of the reasons 
is that no straightforward and comprehensive tests have been designed to 
screen those parameters during the preclinical development of new APMs. 
Indeed, several preclinical tests have been developed to predict the efficacy 
of antipsychotic drugs (such as the conditioned avoidance response, 
stereotypies, antagonism of amphetamine induced-hyperlocomotion and 
disruption of the prepulse inhibition of the startle response...) [10,11], 
however, only a few were developed to evaluate and predict the side effects 
of antipsychotics. To date, only the catalepsy test is used to predict EPS 
[12-14]. In rodents, catalepsy is defined by an immobile posture, and an 
inability to reposition itself from an unusual position. Nevertheless, the 
catalepsy test presents some disadvantages, indeed it has been reported 
that small procedural differences in the realization of the catalepsy test can 
result in important differences in results [12]. 

In order to detect the liability of new phenothiazine analogues to 
promote EPS, the aim of the present study was to establish a robust 
protocol to selectively and sensitively measure the phenothiazine-induced 
extrapyramidal effects by using a battery of behavioral tests. This battery of 
tests aimed at completing the characterization of phenothiazine drugs on 
their abilities to promote EPS, by using several motor and sensorimotor tests.  

To test our model, we used clozapine, which remains the lead compound 
of the phenothiazine class and the gold standard since it demonstrated 
clinical superiority in the treatment of schizophrenia and reduced 
suicidality in comparison to typical antipsychotics [15] and other 
molecules from the same pharmacological class [16,17]. Clozapine 
is generally used as a last resort since it shows increased efficiency in 
resistant schizophrenia [18], indicating a superior efficacy. However, 
clozapine is not considered as a first line drug due to several life-
threatening side effects including an increased risk of agranulocytosis 
[19,20], myocarditis and cardiomyopathy [21] and metabolic disorders 
such as weight gain and diabetes [22]. Concerning the neuropsychiatric 
side-effects due to clozapine administration, somnolence, dizziness, 
tremors, sleep disruptions and seizures have also been reported [23].  
 In the present study, we investigated the effects of clozapine and its two 

major metabolites N-desmethyl clozapine (N-DMClz) and clozapine 
N-oxide (Clz-NO) on their ability to promote EPS in two different 
mouse strains. We explored drug-mediated effects (such as locomotor 
suppression and catalepsy) in different motor tasks in C57BL/6 and in 
the MRL/Mp-Faslpr/Faslpr (MRL/lpr) inbreed mice. MRL/lpr mice are one 
of the best established spontaneous model of neuropsychiatric systemic 
lupus erythematosus [24] with central nervous system (CNS) deficiency 
[25-27]. From the behavioral point of view, MRL/lpr mice showed defect 
in prepulse inhibition response [28], a measure of sensorimotor gating 
that is also altered in schizophrenic patients [29-31]. Furthermore, MRL/
lpr mice spent less time exploring unfamiliar conspecifics [32], a behavior 
reminiscent to those observed in mouse model of schizophrenia [33-35]. 
Our results show profound differences in the behavioral responses to 
clozapine between the two mouse strains, which mimic drug-induced EPS 
in patients. Consequently, we propose the implementation of this protocol 
as a sensitive and reliable in vivo screening method to evaluate the risks of 
phenothiazine drugs-induced EPS, which can be used as a framework for 
the clinical development of new APMs.

Materials and Methods 

Drugs Administration

Twelve 8 week-old MRL/lpr and 12 C57BL/6J (all males) were bred and 
maintained at the Institut de biologie moléculaire et cellulaire animal 
facility (Strasbourg, France). Mice were maintained in controlled 
temperature room (25  °C) with a 12  hour-light/dark cycle and were 
provided with food and water ad libitum. Both group of mice were housed 
in the same animal room. All experiments were performed on the same 
cohort of mice and a wash-out period of 3 days was observed between 
each injection. Mice were injected either with clozapine (8-Chloro-11-
(4-methyl-1-piperazinyl)-5H-dibenzo[b,e]-[1,4] diazepine), Clz-NO or 
N-DMClz (Figure 1) (Enzo life science, Lyon, France). Compounds were 
dissolved in 0.1 M HCl and pH balanced in phosphate-buffered saline pH 
7.4 (PBS) and were prepared freshly prior intraperitoneal (i.p.) injection 
(50 µL). These protocols were approved by the local and national ethical 
committees (Protocol ID:  2015031813376314(APAFiS#349)). 

Figure 1:  Structure of Clozapine (A) and its two major metabolites Clozapine-NO (B) and N-Desmethyl-clozapine (C).
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Catalepsy Test

Catalepsy test was performed as described before [12]. Briefly, catalepsy 
was evaluated by gently elevated the forepaws of a mouse (2.5 cm-height 
above the table). The catalepsy time was defined as the time for the 
mice to move all the four paws. The test was performed for a maximal 
duration of 20 s. Catalepsy was measured 15, 30, 60 and 75 min post drug 
administration. All animals were videotaped and the time spent in the 
cataleptic position was confirmed a posteriori by a manually  operated 
timer by another experimenter in a blind manner. 

Beam-Walking Test
The beam-walking test was used to evaluate motor coordination and 
balance [36]. Briefly, we evaluated the ability of mice to cross a narrow 
beam to reach an elevated enclosed safety platform. The beam apparatus 
consists of 80 cm beam with a flat surface of 2 cm-width, and the 
enclosed safety platform was placed 40 cm above the table in order to 
allow an inclination of 25°. Mice were placed onto one end of a beam. 
Animals received three days of training before testing, all trainings were 
performed without injection and crossing beam was encouraged by 
pushing them slowly from behind with gloved fingers. On the first day 
of training, mice were placed for 1 min in the enclosed safety platform, 
and then animal were trained to cross 3 times the beam starting from 
the upper half of the beam and then another 3 times from the end of 
the beam. The mice were allowed to rest for 10 min in their home cages 
between training sessions. However, when they do stall, sniff or look 
around without proceeding forward, the investigator encouraged the 
mouse to continue moving forward by poking, or pushing it from behind 
with gloved fingers. Once mice reached the platform, they were allowed 
to rest for 1 min in the enclosed platform. Training was continued for 
2 additional days, which correspond to the number of trials necessary 
to the mice to traverse the entire beam successfully without stopping.  

Once the mice were trained, a baseline measure of performance was 
obtained prior to treatment (pretest condition). Mice were allowed up to 
60 s to cross the beam and each trial was measured twice. The time to cross 
the beam was recorded for each trial and a rating system, ranging between 
0 and 5, was used to evaluate the ability of mice to cross the beam (0 = no 
move – fall, 1 = 1st quarter crossed, 2 = half of the distance crossed, 3 = three 
quarters crossed, 4 = all the beam crossed, 5 = mouse on the platform). The 
time to cross and the score was evaluated pre-injection and 15, 30, 60 and 
75 min post-drug administration. Analysis of each measure was based on 
the mean scores of the two trials and animals were videotaped. Time and 
score evaluation were confirmed a posteriori by a manually operated timer 
by another experimenter in a blind manner. 

String Agility Test

String agility test was performed to assess forepaw grip capacity and agility 
[37]. Mice were placed in the center of a 50 cm-long string suspended 
approximately 33 cm above a padded surface between two platforms. Mice 
were allowed to grip the string (diameter 0.25 cm) with only their forepaws 
and then released for a maximum of 60 s. Prior testing, animals received 
three days of training, consisting in placing mice on the platform for 1 min 
before receiving two consecutive trials. On the test day, a baseline measure 
of performance was obtained prior to treatment (pretest condition).  A 

rating system, ranging between 0 and 5, was employed to assess string 
agility for a single 60 s trial (0 = animal unable to remain on string, 1 = 
hangs by two forepaws, 2 = attempts to climb onto string, 3 = two forepaws 
and one or both hind paws around string, 4 = four paws and tail around 
string, with lateral movement, 5 = escape to the platform). The string 
agility test was performed before (pretest condition) and at 15, 30, 60 and 
75 min following drug administration. As C57BL/6 mice under clozapine 
treatment showed a severe defect in motor coordination, we further 
detected the time spent on the string till falling giving the maximum of 
60 s for the mice that reached the platform during the trial. All animals 
were videotaped. Time and score evaluation were confirmed a posteriori 
by a manually operated timer by another experimenter in a blind manner.

Statistical Analyses  
Gaussian distribution of all data was tested with Shapiro-Wilk test. As 
normality could not be assumed, nonparametric testing was used. Means 
at different time points were compared using the nonparametric Friedman 
test. Comparison between dose 5 and 10 mg/kg for each time point 
treatment was tested using the Wilcoxon matched-pairs signed-rank test 
which allows the comparison between two matched groups. As normality 
is not assumed, standard two-way ANOVA tests could not be applied. All 
statistical analyses were performed using PRISM version 6.0a software 
(GraphPad, San Diego, USA).

Result 
Increased Catalepsy Time in Response to Clozapine in C57bl/6 Mice 

Catalepsy evaluation in response to antipsychotics remains a suitable well-
known parameter in rodent for detecting compounds with EPS liability in 
humans [13]. The dose of 5 mg/kg of clozapine induced a moderate but 
significant phenotypical response in C57BL/6 mice whereas the 10  mg/
kg-dose was sufficient to promote a pronounced cataleptic effect from 
the 45-min time point treatment (Figure 2a). In MRL/lpr, a slight albeit 
significant dose-dependent effect was observed although the time spent 
in the immobile position never reached more than 10 s (Figure 2b). Thus, 
C57BL/6 mice were sensitive to the effect of 10 mg/kg-dose of clozapine 
(catalepsy state was reached), whereas MRL/lpr mice were less responsive.

Decreased Motor Performances in Response to 
Clozapine in C57bl/6 Mice but not Mrl/Lpr Mice 

In order to complete our characterization on clozapine-induced behavioral 
effects, we next turned to evaluate the motor performance of mice after the 
administration of clozapine. Indeed, combination of the beam-walking test 
and string agility test provide a useful approach for the characterization of 
fine motor deficits in rodents [38]. C57BL/6 mice treated with 5 mg/kg of 
clozapine showed difficulty in crossing the beam compared to their motor 
performance before drug administration (referred to the pretest condition 
in the bar graph). This was shown by the increased time spent on the beam 
as well as by the significant decreased distance covered (score) (Figure 
3a-b). Nonetheless, MRL/lpr mice were insensitive to the 5mg/kg dose 
of clozapine (Figure 3c-d). MRL/lpr mice were able to walk along the 
beam, and no difference was seen when compared to performance before 
drug administration. When mice were injected with 10 mg/kg clozapine, 
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Figure 2: Cataleptic response to clozapine (Clz) in C57BL/6 (A) and MRL/lpr (B) mice. Mice were injected with 5 mg/kg or 10 mg/kg of 
clozapine. Catalepsy time (expressed in s) was determined during 75 min at 15-min intervals. The catalepsy test was interrupted when mice 
remained immobile for longer than 20 s (dotted line). Data represent mean values (+ SEM). Significance of differences from the earliest time 
point of treatment using the Friedman test * p < 0.05, ** p < 0.01 and *** p < 0.001 vs the earliest time point of treatment. Dose comparisons 
for each time point treatment were performed using the Wilcoxon test # p < 0.05, ## p < 0.01.

C57BL/6 mice were already unable to cross the beam after 15 min 
of treatment and stayed in the same position during the task (Figure 
3b). These mice displayed ventral recumbence meaning that their 
thorax and abdomen were flattened against the upper surface of 
the beam and no displacement was possible. By contrast, motor 
performance of MRL/lpr following 10 mg/kg clozapine injection was 
unchanged when compared to their motor performance in the basal 
condition (Figure 3d). Friedman test demonstrated a significant 
effect of clozapine from 15 min of treatment in the C57BL/6 strain, 
but not in MRL/lpr mice. Furthermore, comparison of doses 5 
and 10 mg/kg using the Wilcoxon test in C57BL/6 mice revealed a 
significant dose-dependent effect in the beam-walking test. These 
results indicate that clozapine impaired motor phenotype in a dose-
dependent manner only in C57BL/6 mice, but not in MRL/lpr. 

Motor coordination was also tested on those mice before and 
after clozapine administration using the string agility test, which 
measures the ability of mice to hold on a string using their forelimbs, 
and to catch the string with hindlimbs in order to join the escape 
platform. Each trial lasted 60 s, and in case of fall, the latency to 
fall was measured. Following 5 mg/kg of clozapine, C57BL/6 mice 
were able to hang on the string and attempt to climb, but these 
mice were unable to reach the platform and half of the mice fell 
from the string as shown by the score (Figure 4a). A decreased 
latency to fall was detected 45 min after clozapine injection in the 
C57BL/6 mice (Figure 4b). By contrast, MRL/lpr mice were able to 

perform readily the task, their ability to escape through the platform was 
not changed by the administration of clozapine (Figure 4c). Ten mg/kg 
of clozapine severely impaired motor coordination in C57BL/6 mice 15 
min after clozapine administration. C57BL/6 mice were unable to remain 
suspended more than 20 s on the string, while a dose of 10 mg/kg barely 
affected motor coordination in MRL/lpr mice at 45 min of treatment as 
compared to motor performance before clozapine administration (pretest 
condition in the bar graph) (Figure 4d). While clozapine affected strongly 
motor coordination in C57BL/6 mice, only minor defects were seen 
in MRL/lpr mice. Indeed, evaluation of the latency of MRL/lpr mice to 
reach the escape platform revealed that the 5  mg/kg dose of clozapine 
significantly impaired the latency to success at 30 min of treatment in 
the string agility task (Figure 5). Additionally, a higher dose of clozapine 
(10 mg/kg) also significantly affects the latency to success (Figure 5).  We 
conclude that the EPS induced by the administration of clozapine have to 
be evaluated using the latency to success in MRL/lpr mice and the latency 
to fall in C57BL/6 mice in the beam-walking test, and that clozapine 
strongly impaired motor activity and coordination in C57BL/6, while a 
lesser degree of motor activity impairment was observed in MRL/lpr mice 
following clozapine administration. 
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Figure 3: Motor performances in C57BL/6 (A-B) and MRL/lpr (C-D) mice before and after clozapine (Clz) injection. Pretest condition referred 
to the behavior response before injection. After 3 days of training, mice were injected with 5 or 10 mg/kg of clozapine and the beam-walking test 
was performed before and after clozapine injection at 15-min intervals during 75 min. The test was interrupted when mice remained on the beam 
for longer than 60 s. Time (s) to cross the beam before and after injection of 5 or 10 mg/kg of clozapine by C57BL/6 (A) or MRL/lpr (C) mice. 
Distance covered by C57BL/6 (B) or MRL/lpr (D) mice on the beam (graded by score) before and after injection of 5 or 10 mg/kg of clozapine. 
Data represent mean values (+ SEM). Statistical analysis using the Friedman test revealed that clozapine significantly increased the time spent 
on the beam and decreased the distance score of C57BL/6 mice. Wilcoxon test revealed that this effect was dose-dependent in C57BL/6, but not 
of MRL/lpr mice. Significance of differences from the pretest using the Friedman test * p < 0.05, ** p < 0.01, *** p < 0.001 and **** p < 0.001 vs 
the pretest. Dose comparisons for each time point treatment were performed using the Wilcoxon test. # p < 0.05, ## p < 0.01 and ### p < 0.001.
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Figure 4: String agility in C57BL/6 (A-B) and MRL/lpr (C-D) mice and before and after clozapine (Clz) injection. Pretest condition referred to the 
behavioral response before injection. After 3 days of training, mice were injected with 5 or 10 mg/kg of clozapine and the string agility test was 
performed before and after clozapine injection at 15-min intervals during 75 min. String agility score of C57BL/6 (A) and MRL/lpr (C) mice before 
and after injection of 5 or 10 mg/kg of clozapine. Latency to fall in the string agility test for C57BL/6 (B) and MRL/lpr (D) mice before and after 
injection of 5 or 10 mg/kg of clozapine. Data represent mean values (+ SEM). Significance of differences from the pretest mice using the Friedman 
test * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001 vs the pretest condition. Dose comparisons for each time point treatment were performed 
using the Wilcoxon test # p < 0.05; ## p < 0.01.
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Figure 5: Clozapine (Clz) reduces the latency to reach the platform in the string agility test. MRL/lpr mice were injected with 5 or 10 mg/kg 
of clozapine and the string agility test was performed before and after clozapine injection at 15-min intervals during 75 min. Pretest condition 
referred to the behavioral response before injection. Data represent mean values (+ SEM). Significance of differences from the untreated mice 
using Friedman test, * p < 0.05; ** p < 0.01; *** p < 0.001 vs the pretest comparison. Dose comparisons for each time point treatment were 
performed using the Wilcoxon test. ## p < 0.01.

6.3 Absence of Motor Impairment Following N-Desmethylclozapine and 
Clozapine N-Oxide Administration in C57bl/6 and Mrl/Lpr Mice

Clozapine is metabolized in N-desmethylclozapine (N-DMClz) and 
clozapine N-oxide (Clz-NO) before being excreted. Previous work 
pointed out a correlation between clozapine and N-DMClz plasma 
concentration and therapeutic response. Clozapine and N-DMClz 
plasma concentrations were significantly higher in responders [39, 40]. 
To determine whether clozapine pure metabolites are able to affect motor 
activity and coordination similarly to clozapine, we injected N-DMClz or 
Clz-NO in both strains at 5 and 10 mg/kg doses. No significant effects 
were seen (data not shown). Tables 1 and 2 summarize the results of the 

effects of both metabolites (dose 15 mg/kg) in the beam-walking test 
in the string agility test. Both metabolites failed to show a significant 
effect in both tests as compared to motor performance before clozapine 
metabolites administration (pretest condition). Furthermore, clozapine 
metabolites were unable to induce catalepsy in both strains even with a 
higher dose (Tables 1, 2). Altogether, our data show that clozapine but not 
its metabolites impairs motor performance as shown by the beam-walking 
and string agility tests in a dose-dependent manner in C57BL/6 mice, and 
to a lesser extend in MRL/lpr mice.

Table 1 Effects of NO-Clz and N-DMClz (dose 15 mg/kg) on motor and agility performance (time to cross the beam or to execute the string 
agility test in s and score) in C57BL/6. Data represent mean values (+/- SEM).

Beam time (s) 23.6  ± 5.3 31.4  ± 7.5 30.8  ±  6.7 29.4  ±  6.4 21,0  ±  24.5  ±  6
walking score 4.8  ± 0.1 4.8  ± 0.2 4.5  ± 0.2 4.8  ± 0.1 5,0 0 4.8  ± 0.1

string time (s) 6.9  ± 0.5 9.8  ± 1.4 8.3  ± 1.1 8.6  ± 1.2 8.5 1 7.1  ± 0.7
aglity score 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0 0 5,0  ± 0
Beam time (s) 22.1  ± 1.6 23.9  ± 5.6 21.8  ± 6.3 28.4  ± 7.5 21.6 6.6 23.5  ± 7.9

walking score 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0 0 4.8  ± 0.2
string time (s) 7.3  ± 0.7 7,0  ± 1.6 8.6  ± 0.6 7.3  ± 0.6 6.2 0.6 6.6  ± 0.7
aglity score 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0 0 5,0  ± 0

75 min

NO-Clz

4.9
 ±
 ±
 ±

pretest 15 min 30 min 45 min 60 min

N-DMClz

 ±
 ±
 ±
 ±
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Table 2 Effect of Clz-NO and N-DMClz (dose 15 mg/kg) on motor and agility performance (Time to cross the beam or to execute the 
string agility test in s and score) in MRL/lpr. Data represent mean values (+/- SEM).
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Beam time (s) 42.9  ± 4.8 42.4  ± 5.9 44.9  ±  5.5 47.1  ±  5.6 39.9  ±  47.5  ±  5.1
walking score 4.4  ± 0.1 4.3  ± 0.2 4.4  ± 0.2 4.4  ± 0.2 4.6 0 4.5  ± 0.2

string time (s) 7.2  ± 0.8 7.7  ± 0.7 7.8  ± 0.7 5.6  ± 0.6 5.2 1 6,0  ± 0.4
aglity score 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0  ± 0 5,0 0 5,0  ± 0
Beam time (s) 33.6  ± 8.5 60,0  ± 0 46.3  ± 6.2 40,0  ± 9.6 47.7 6.6 45.9  ± 9.2

walking score 4.8  ± 0.2 4.3  ± 0.2 4.3  ± 0.2 4.3  ± 0.2 4.5 0 4.3  ± 0.2
string time (s) 6.5  ± 1 5.5  ± 1 5.2  ± 0.4 6.2  ± 1 6,0 0.6 6.7  ± 1.3
aglity score 5,0  ± 0 5,0  ± 0 4.2  ± 0.8 5,0  ± 0 5,0 0 5,0  ± 0

60 min 75 min

NO-Clz

0
 ±
 ±
 ±

pretest 15 min 30 min 45 min

N-DMClz

 ±
 ±
 ±
 ±

Discussion
The preclinical development of antipsychotic medications (APMs) 
is complex since several parameters have to be considered such as 
antipsychotic activity, side effects and more specifically the risk of 
developing extrapyramidal symptoms (EPS). Indeed, EPS are strongly 
correlated with D2 receptor occupancy [41] and are characterized by 
parkinsonism, akathisia and dystonia [42-44]. The first generation of 
antipsychotics, such as haloperidol, are strong dopamine D2 receptor 
antagonists, known to promote severe EPS in patients [45]. Second 
generation of APMs, developed in order to overcome these unwanted 
EPS, are slightly more efficient in terms of efficacy and reduced EPS in 
comparison to typical APMs. However, parkinsonism and akathisia 
still occur in 10% of patients treated with atypical APMs while tardive 
dyskinesia occurs in up to 20% of the case [7]. Although clozapine 
treatment is associated with the fewer risks of EPS, longer exposure 
still induces tardive dyskinesia [46,47]. It is consequently an urgent 
clinical priority to develop molecules, which induce fewer side effects 
and so intrinsically to implement assays that help to predict the drug-
induced EPS in patients. In this sense and in order to screen new 
antipsychotic molecules for their EPS activity, we developed a robust 
method and identified mouse models that met several criteria: face 
validity (efficiency to predict the effect to observe), reliability (in term 
of reproducibility) and sensitivity.   
To date, only the catalepsy test is used to evaluate the APMs-mediated 
EPS. Several declinations of this test have been proposed such as 
the bar fix test or the wood block test (which consist on elevating 
the forepaws of a mouse and measuring the time necessary for the 
mouse to retract itself from this unusual position [12]). Another way 
to perform this catalepsy test is to use to paw test which use a special 
platform with four holes. Both forelimbs and hindlimbs are lowered 
through the holes and the retraction time is measured [48]. Finally, 
catalepsy can also be evaluated using the four corks test, where the 
animal is placed on four corks, one paw per cork, and the time that 
the front paws remained on the corks is recorded [49]. However, the 
two last ways to perform the catalepsy test are used in rats rather 
than in mice, and several limits have been reported. Indeed, mice 
positioning, height of forepaws elevation, repeat testing could result 
in important differences in results [12]. Thus, we decided to complete 
the characterization of clozapine-mediated EPS using psychomotor 
tests which evaluate motor abilities and coordination [38]. In parallel, 

we used the beam walking and string agility tests [38,50] to closely and 
finely monitor the motor ability of our mouse models after injection of 
clozapine. Although this molecule has been commercialized on the basis 
of the reduction of drug-induced EPS, we overall observed the appearance 
of a pronounced dose-dependent cataleptic state, a motor deficiency 
and an impediment for the realization of basic tasks in C57BL/6 mice. 
Surprisingly, only a slight effect was observed in the MRL/lpr strain (as 
shown by the increased latency to perform both tests). Interestingly the 
antipodal effects of clozapine injection in the two strains might reflect 
the panel of responses observed in APMs-treated patients in term of 
latency and intensity of the undesired symptoms. Consequently, the range 
of phenotypical responses in these two strains gives us a reliable in vivo 
screening method to evaluate the risk of drug-induced EPS for the clinical 
development of new compound. Indeed, in our model, the ideal analog of 
APMs would have a longer latency for inducing EPS and intensity of these 
effects would be reduced in both strains. 
As EPS occur in patients after a week of treatment, it would be interesting to 
test this protocol in mice chronically treated with APMs. However, several 
studies reported that catalepsy durations after acute treatment of atypical 
APMs were longer than under a chronic treatment [51]. Furthermore, it 
has been suggested that acute treatment in animal can predict efficiently 
the effects of antipsychotics in clinic [52]. This is in line with the quick 
screening method we developed, where we tested only acute treatment of 
clozapine in mice.  
To establish our protocol, we used two mouse strains: C57BL/6, widely 
used for psychomotor studies and MRL/lpr. MRL/lpr mice have been 
extensively characterized as a spontaneous model of neuropsychiatric 
systemic lupus erythematosus [24] with central nervous system deficiency 
[25-27]. However, the disease severity and progression are highly 
accelerated in females as compared to males [53-55]. Furthermore, male 
did not present such pronounced immunologic features as in female mice. 
On the phenotypic level, female MRL/lpr mice showed a lower locomotor 
activity while male did not show any motor deficit in openfield test [53, 
54]. Thus, intrinsic motor impairment can be precluded in psychomotor 
tests. For those reasons, we have decided to include this particular strain 
in our tests and observe their phenotypical response towards the injection 
of clozapine. As it is discussed more in details below, the MRL/lpr strain 
developed very mild drug-induced EPS as the C57BL/6 did. Although 
the purpose of this study was not to characterize why such discrepancies 
exist between the two strains, we took the advantage of observing those 
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antipodal responses to define the phenotypical limits to our protocol.
In terms of sensitivity, we showed that the beam walking and the string 
agility tests were more sensitive than the catalepsy test to show directly 
the effects of clozapine-induced motor impairment. More specifically, 
we highlighted slight although significant effect of clozapine on MRL/
lpr when measuring the latency to success whereas almost no difference 
was observed when measuring the latency to fall or when we score the 
overall success of the test. We conclude that the combination of catalepsy 
and motor tests in one hand, and the precise measurement of the latency 
to reach the platform especially for the MRL/lpr strain in the string 
agility test on the other hand, are very sensitive parameters suitable to 
characterize the phenotype induced by phenothiazine drugs. Thus, the 
motor characterization completed the observations obtained with the 
catalepsy test in both strains, and constitute a reliable, sensitive and valid 
method to characterize phenothiazine analogue-mediated motor defects. 
In addition, we used the proposed protocol to test the effects of 
clozapine metabolites (N-DMClz and Clz-NO; Fig. 1) [56,57].   Indeed, 
former studies suggested that N-DMClz was an active metabolite due 
to its affinity to target several receptors (similar to clozapine) and may 
contribute to the therapeutic efficacy [58]. Here, in our model, equal 
or higher doses (up to 15 mg/kg) of both metabolites failed to show 
any motor impairment or catalepsy. Although we cannot state on their 
potential antipsychotic clinical activity, our results demonstrate that 
both metabolites are not responsible for EPS appearance, and that 
the molecular structure of clozapine is crucial to promote its effects.  

Conclusion
Altogether, the present study provides evidence that this screening protocol 
comprising both catalepsy and motor evaluation using beam walking and 
string agility tests is a suitable and powerful combination for a precise 
prediction of EPS induction during the clinical development of new 
therapy for schizophrenia. The next challenging step would be to develop 
in the same way a straightforward, robust and accurate protocol in order to 
screen the new phenothiazine analogues for their antipsychotics activity. 
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