Tolerance to a paradoxical increase in motor activity induced by PDE10A inhibition under hypodopaminergic conditions
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ABSTRACT
Background and Purpose: Phosphodiesterases (PDEs) are a family of enzymes, which hydrolyze cAMP and cGMP. PDE10A is expressed mainly in the medium spiny neurons of the striatum that provides an opportunity to modulate the movement control pathways of the basal ganglia: “direct” (D1 receptor-dependent) and “indirect” (D2 receptor-dependent). Thus, inhibition of PDE10A can functionally mimic the action of both D1 receptor agonists and D2 receptor antagonists, although much less attention has been paid to the assessment of D1 receptor agonist-like effects. The purpose of the present study was (1) to confirm the motor stimulatory effects of PDE10A inhibitors and (2) to test whether these effects are subject to the development of tolerance.
Experimental Approach: The ability of single or repeated (5 or 10 days) administration of selective PDE10A inhibitors, MP-10 (0,3-5 mg/kg) and RO5545965 (0.1-0.9 mg/kg), to stimulate locomotor activity was assessed in rats after single tetrabenazine challenge (3 mg/kg). The study was pre-registered on PreclinicalTrials.eu.
Key Results: PDE-10A inhibition exerted paradoxical motor stimulatory properties in a dose-dependent manner. However, repeated administration of PDE10A inhibitors led to a reduction of their effects.
Conclusion and Implications: PDE-10A inhibition produces a paradoxical increase in motor activity in animals with low dopamine tone. After repeated administration of PDE-10A inhibitors, these effects disappeared. The development of tolerance similar to that previously observed for D1-receptor agonists may limit the potential clinical use of the stimulatory effects of PDE10A inhibitors. Further studies aimed at analyzing the molecular mechanisms of this tolerance are warrant
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[bookmark: _l3pj4xpagauw]Introduction
In the striatum, two populations of medium spiny neurons (MSNs) give rise to the direct and the indirect pathways of movement control (Bateup et al., 2008; Heiman et al., 2008; Valjent et al., 2009; Gerfen and Surmeier, 2011; Tritsch and Sabatini, 2012). Activation of the direct pathway is traditionally considered to have pro-kinetic effects, whereas the indirect pathway is associated with a reduction of movement (Obeso et al., 2000; Calabresi et al., 2014). One must acknowledge the complex interactions between these pathways such that co-activation of both pathways is required to initiate movement (Cui et al., 2013; Calabresi et al., 2014; Friend and Kravitz, 2014; Jin et al., 2014). Some theories implicate the coordinated activation of both pathways in the process of action selection, suggesting that activation of the direct pathway facilitates relevant motor responses, whereas activation of the indirect pathway restrains competing motor responses (Hikosaka et al., 2000; Mink, 2003; Nambu, 2008).
Striatonigral MSNs that give rise to the direct pathway express high levels of dopamine D1 receptors (Gerfen et al., 1990; Valjent et al., 2009). D1 receptor activation leads to an increase in the production of second messenger cAMP and associated protein kinase A (PKA) signaling. Dopamine D2 receptors, in contrast, are highly expressed in striatopallidal MSNs that give rise to the indirect pathway (Gerfen et al., 1990; Valjent et al., 2009) and their activation leads to inhibition of adenylate cyclase, thus reducing cAMP production and PKA signaling.
Phosphodiesterases (PDEs) are a big family of enzymes first found more than 50 years ago (Ashman et al., 1963). PDEs hydrolyze both cAMP and cGMP thereby playing a profound role in the regulation of intracellular signaling processes. 24 mammal PDEs are grouped into 11 families based on the homology of their C-terminal domain (Bolger, 2021). The important trait of these enzymes is the unique pattern of their tissue expression, which opens a great opportunity for pharmacological manipulation (Baillie et al., 2019). PDE10A is expressed nearly exclusively in the striatum, in both direct and indirect pathway populations of MSNs (Seeger et al., 2003; Coskran et al., 2006; Xie et al., 2006; Heiman et al., 2008; Lakics et al., 2010; Kelly et al., 2014). Because the regulation of the synthesis of cAMP is an important aspect of dopamine receptor signaling, and due to the specific localization in striatal MSNs, PDE10A may be a suitable drug target to influence dopaminergic transmission beyond the receptor level.
There are several highly selective and potent PDE10A inhibitors described in the literature such as MP-10 and TP-10. These compounds have been extensively used as tools for probing PDE10A function in in vivo studies (García et al., 2014). Given that PDE10A is present in both D1 and D2 receptor-expressing populations of MSNs, inhibition of this enzyme functionally may mimic both D1 receptor agonists and D2 receptor antagonists.
D2 receptor antagonist-like properties of PDE10A inhibitors have been extensively studied in the field of schizophrenia drug discovery and several compounds have reached clinical trials (Siuciak et al., 2006; Schmidt et al., 2008; Kehler and Nielsen, 2011; DeMartinis et al., 2019; Macek et al., 2019). Although antipsychotic efficacy has not been confirmed yet, clinical data clearly point to the ability of PDE10A inhibitors to produce dystonia and akathisia. These side effects appear mostly shortly after the start of treatment but are transient, suggesting the development of tolerance. Indeed, titration of the PDE10A inhibitor dose allows to reduce the incidence of these unwanted effects (DeMartinis et al., 2019). Mechanisms behind these effects are not known but it may be related to the activation of D1 receptor signaling.
D1 receptor agonist-like properties of PDE10A inhibitors have received much less attention primarily because, under normal conditions, PDE10A inhibition is associated with motor suppression and other effects typically seen with D2 receptor antagonists. There is a single study reporting that PDE10A inhibition is able to alleviate catalepsy and motor impairments induced by pharmacological blockade of vesicular dopamine release (Megens et al., 2014b). However, this study has not evaluated whether D1 receptor agonist-like action of PDE10A inhibitors would be maintained under conditions of repeated administration.
Thus, the goals of the present study were (1) to confirm the motor stimulatory effects of PDE10A inhibitors in the presence of a dopamine-depleting agent (tetrabenazine, a vesicular monoamine transporter-2 inhibitor) and (2) to test whether these effects are subject to tolerance development.
Materials and methods
Subjects
The drug and test naïve male Wistar rats (2–4 months old and > 200 g at the beginning of the experiments) from the local colony of Valdman Institute of Pharmacology were kept under a 12 hrs/12 hrs light/dark cycle (lights on at 08:00 h) at 21 ± 2 °C and 50 ± 20% humidity. The animals were housed in groups of three-five rats in standard TIV (Tecniplast, Italy) cages. During the experiments, the rats had free access to filtered (‘AQUAPHOR’, Saint Petersburg, Russia) tap water and standard laboratory rat chow (recipe ПК 120-1, KKZ ‘Laboratorkorm’, Moscow, Russia). The cages, corn cob bedding (‘KKZ ‘Zolotoy pochatok’’ LLC, Voronezh, Russia), and water bottles were changed at least once a week.
All experiments were performed during the light period of the light/dark cycle. The experimental protocol was approved by the Local Animal Care and Use Committee (First Pavlov State Saint Petersburg Medical University, #100_ИФ1_012017/3_900). We did not use any exclusion criteria.
Compounds
Tetrabenazine ((SS,RR)-3-isobutyl-9,10-dimethoxy-1,3,4,6,7,11b-hexahydro-pyrido[2,1-a]isoquinolin-2-one; Biosynth Carbosynth; CAS#:58-46-8; TBZ), vesicular monoamine transporter 2 (VMAT2) inhibitor, was dissolved in acidified saline (pH was adjusted with 1N HCl to 3). TBZ was administered intraperitoneally (i.p.) at a dose of 3 mg/kg (dosing volume 2 ml/kg) 30 minutes prior to the assessment of locomotor activity.
[bookmark: _Hlk110972830]In the present study, we used two PDE10A inhibitors: MP-10 (2-[[4-(1-methyl-4-pyridin-4-ylpyrazol-3-yl)phenoxy]methyl]quinoline; Sun-Shine Chem; CAS#:898562-94-2) and RO5545965 (RO, provided by F. Hoffmann-La Roche, Ltd.). MP-10 or RO was correspondingly dissolved in 10% or 0.3% Tween 80 (‘KKZ ‘Arcona SPb’’, Saint Petersburg, Russia) in distilled water used as a vehicle. Fresh solutions were prepared daily and administered i.p. (MP-10) or per os (RO) in the volume of 1 ml/kg. Animals were exposed to both PDE10A inhibitors 90 min prior to the experimental session.
Locomotor activity
To assess rats’ locomotor activity, we used the apparatus ‘Actometer’. The apparatus consisted of two sets of five identical Plexiglas boxes (25 cm × 35.5 cm × 34 cm) with transparent walls. The boxes were enclosed within sound-attenuating ventilated cubicles, the light intensity inside the apparatus was 30–40 lx. Each box was equipped with 3 pairs of photocell-based infrared sensors located correspondingly 5 cm above the bottom of the box to record horizontal movements. ‘Actometer’ input/output modules were connected to an operating PC through an interface and controlled by MED-PC software (MED Associates, East Fairfield, VT, United States).
The number of sequential photocell interruptions (ambulation) during 60 min test was used as a measure of motor activity.
Experiments
The experimental unit was the individual animal. The summary of the performed experiments is presented in Table 1. The experiments were conducted on independent groups. To provide research transparency, the experimental protocols were preregistered before the beginning of the experiments on Preclinicaltrials.eu platform.

Table 1. Summary details of performed experiments.
	#
	Status of experiment
	Treatment groups
	n per group
	Pretreatment duration, QD
	Blin-ding
	Rando-mization
	Prere-gistration

	1
	Pilot
	Vehicle
	5
	-
	No
	No
	-

	
	
	TBZ
	6
	
	
	
	

	2
	Pilot1
	Vehicle
	5
	-
	No
	No
	-

	
	
	MP-10, 3 mg/kg
	5
	
	
	
	

	3
	Pilot1
	Vehicle
	5
	-
	No
	No
	-

	
	
	RO, 0.3 mg/kg
	5
	
	
	
	

	4
	Confirming1
	Vehicle
	9
	-
	Yes
	Simple
	PCTE0000173

	
	
	MP-10, 0.3 mg/kg
	9
	
	
	
	

	
	
	MP-10, 1.0 mg/kg
	9
	
	
	
	

	
	
	MP-10, 3.0 mg/kg
	9
	
	
	
	

	5
	Confirming1
	Vehicle
	12
	-
	Yes
	Simple
	-

	
	
	MP-10, 1.0 mg/kg
	12
	
	
	
	

	
	
	MP-10, 3.0 mg/kg
	12
	
	
	
	

	
	
	MP-10, 5.0 mg/kg
	12
	
	
	
	

	6
	Confirming1
	Vehicle
	9
	-
	Yes
	Simple
	PCTE0000182

	
	
	RO, 0.1 mg/kg
	9
	
	
	
	

	
	
	RO, 0.3 mg/kg
	9
	
	
	
	

	
	
	RO, 0.9 mg/kg
	9
	
	
	
	

	7
	Pilot1
	Vehicle
	11
	4
	Yes
	Simple
	PCTE0000181

	
	
	Single MP-10, 3 mg/kg
	11
	
	
	
	

	
	
	Repeated MP-10, 3 mg/kg
	11
	
	
	
	

	8
	Confirming1
	Vehicle 
	25
	9
	Yes
	Simple
	PCTE0000218

	
	
	Single RO, 0.9 mg/kg
	25(23)2
	
	
	
	

	
	
	Repeated RO, 0.9 mg/kg
	25(24)3
	
	
	
	

	9
	Confirming1
	Vehicle
	28
	9
	Yes
	Block
	PCTE0000244

	
	
	Single MP-10, 3 mg/kg
	28
	
	
	
	

	
	
	Repeated MP-10, 3 mg/kg
	28
	
	
	
	


1 – Test was performed in TBZ-treated animals.
2 – A rat was lost because of incorrect solution administration during pretreatment, and another rat was lost because of incorrect putting in the experimental apparatus during the test.
3 – A rat was lost because of incorrect putting in the experimental apparatus during the test.
Pilot experiments (Experiments 1, 2, 3)
We performed Experiment 1 to validate whether the dose of TBZ 3 mg/kg is enough to induce hypolocomotion in rats. Experiment 2 and 3 were conducted for subsequent sample size determination.
Single administration of PDE10A inhibitors (Experiments 4, 5, 6)
To evaluate the motor stimulatory effects following the single administration of MP-10 and RO5545965, we used three independent cohorts of rats. Each cohort was divided into four arms: 3 experimental drug subgroups and a vehicle subgroup.
Repeated administration of PDE10A inhibitors (Experiments 7, 8, 9)
Three independent cohorts of rats were subjected to experiments involving repeated administration of the PDE10A inhibitors. Each cohort was divided into three arms. The first and second arms were controls: rats were once-daily pretreated with a vehicle for 4 or 9 consecutive days until the test day. In parallel, animals in the third arm groups were pretreated with one of the PDE10A inhibitors. On the test day, rats in the first arm groups were exposed to a corresponding vehicle and the remaining rats received PDE10A inhibitors.
Sample size
The results of Experiments 2 and 3 were used to calculate sample size (one-way ANOVA) for Experiments 4, 5, and 6. We used G*Power 3.1 (Heinrich-Heine-Universität, Düsseldorf, Germany). For alpha=0.01 and beta=0.8, the required sample size was estimated to be 12 rats per group. For alpha=0.05 and beta=0.8, the required sample size was estimated to be 9 rats per group.
For the experiments with repeated drug administration (Experiments 8 and 9), the sample size was estimated using power analysis (R language) based on two independent sets of data (Experiments 5 and 6). Given the results of Experiment 7 (using a five-day MP-10 treatment regimen) and the absence of any evidence for sensitization associated with the repeated administration of PDE10 inhibitors, we have used one-tailed tests. For alpha=0.025 and beta=0.8, the required sample size was estimated to be 25 rats per group. Additionally, we have used the results of Experiment 7 and defined the expected effect as the difference between the activity scores in the ‘Single MP-10’ group vs the ‘Repeated MP-10’ group. For alpha=0.025 and beta=0.8, the required sample size was estimated to be 41 rats per group. Having 25 rats per group would yield a power of 0.59. However, one should consider that Experiment 6 was done with a shorter treatment (5 days) and the treatment duration was doubled for the main experiment. In Experiment 9, in concordance with the block design of randomization, each block includes 21 rats. Considering that 4 blocks (84 rats in total) are closer to 75 rats than 3 blocks (63 rats in total), we chose 4 blocks and used 84 rats.
Randomization and Blinding
The information on randomization strategies applied and implementation of blinding is presented in Table 1. For simple randomization we used the RAND function in Google Tables. Block randomization (Experiment 9) was performed using R programming language (package 'psych').
For each animal, three different investigators were involved as follows: the first investigator (FI) prepared the randomization table. The table was shared with the second investigator (SI). Either FI or SI prepared solutions, filled syringes and designated # of animals that should be injected with a provided syringe. The third investigator (TI) was blind. TI administered prepared solutions and placed animals in the ‘Actometer’ on the test day. After the experimental session, TI collected the raw data files and performed the initial analysis of the data.
Statistical analyses and plots
All statistical analyses were performed using SigmaPlot 12.5 (Systat Software Inc., San Jose, CA, USA) or IBM SPSS Statistics 21 (IBM, Armonk, New York, USA). To analyze the recorded data (the number of ambulation) non-parametric statistical methods (the Kruskal-Wallis test and mixed-design analysis of variance (mixed ANOVA) on data following rank transformation) were performed. The Dunnett’s, Tukey’s, and Bonferroni’s post hoc comparisons were performed whenever a significant difference was indicated by the results of the mentioned above statistical methods. Alpha was set at 0.05. The used methods were preliminary approved by the head of the laboratory of biomedical statistics Dr Elena V. Verbitskaya.
Where applicable, in agreement with Dr Harvey J Motulsky suggestion for data visualization, box-and-whisker plots were used (Motulsky, 2015).
Results
[bookmark: _Hlk109309755]Inhibition of PDE10A results in motor reactivation of TBZ-treated rats
According to Experiment 1, the administration of TBZ at a dose of 3 mg/kg resulted in the decrease in rats’ locomotor activity. We observed the motor reactivation of TBZ-treated rats following the administration of both PDE10A inhibitors in Experiments 2 and 3 (data not shown).
Despite the revealed significant effect of the factor ‘dose’ in Experiment 4 (H = 15.0, df = 3, P = 0.002), the effect of MP-10 at a dose of 3 mg/kg didn’t reach the level of significance (Dunnett’s test; Figure 1A). Meanwhile, we found a motor suppressing effect of low doses of MP-10 in TBZ-treated animals. That is why we retested the effects of MP-10 in Experiment 5 (Figure 1B) using a higher dose range (1-5 mg/kg). The Kruskal-Wallis test revealed the significant effect of the factor ‘dose’ (H = 11.9, df = 3, P = 0.008). Dunnett’s test showed that ambulation following MP-10 at doses of 3 and 5 mg/kg significantly increased (P < 0.05). Similarly, the pretreatment with RO (0.03-0.9 mg/kg, Figure 1C) dose-dependently increased locomotor activity of the rats (‘dose’: H = 14.2, df = 3, P = 0.003). The Dunnett’s test revealed that the rats following RO at a dose of 0.9 mg/kg demonstrated a significantly (P < 0.05) higher level of locomotor activity compared to the animals exposed to vehicle treatment.
Generally, in Experiments 4, 5, and 6, we have received confirmation that administration of the lower doses of the PDE10 inhibitors (MP-10: 0.1 and 0.3 mg/kg; RO: 0.01 mg/kg) tended to additionally decrease the locomotor activity in the TBZ-treated rats. Meanwhile, the rats pretreated with both TBZ and the higher doses of the substances (MP-10: 3 and 5 mg/kg; RO: 0.9 mg/kg) demonstrated the increased level of locomotor activity in comparison to the corresponding control animals. Moreover, the pretreatment with the highest tested doses of the PDE10 inhibitors caused stereotypic behavior in some of animal.
The stimulatory action of PDE10A inhibitors on the motor activity of TBZ-treated rats diminishes following their repeated administration
According to Experiment 7, acute pretreatment with MP-10 at a dose of 3 mg/kg on the test day was associated with increase in locomotor activity in TBZ-treated animals (Figure 2A; the Kruskal-Wallis test: H = 15.8, df = 2, P < 0.001). The repeated administration decreased this stimulatory action of the substance (the Tukey’s test: Acute MP-10 vs Vehicle — P < 0.05; Repeated MP-10 vs Vehicle — n.s.). Analysis of the temporal dynamics of the effects demonstrated that the rats acutely and repeatedly treated with MP-10 had approximately the same levels of locomotor activity for the first 10 min of the test (Figure 2B). However, starting from the third 5-min bin, the stimulatory action of MP-10 dramatically reduced in the rats repeatedly treated with the substance. The ANOVA revealed the significant effects of the factor ‘group’ (F(2,29) = 14.6, P < 0.001), the factor ‘time’ (F(11,49) = 21.2, P < 0.001), and their interaction (F(22,49) = 2.2, P = 0.01).
We confirmed the obtained results in Experiments 8 and 9. When RO (0.9 mg/kg) and MP-10 (3 mg/kg) were given for 10 days, their stimulatory action disappeared (Figure 2C and 2E). The Kruskal-Wallis test revealed the main effect of the factor ‘treatment’ (RO: H = 15.7, df = 2, P < 0.001; MP-10: H = 23.3, df = 2, P < 0.001). Figure 2D showed that the 10-day administration of RO resulted in a similar pattern of locomotor activity as in the case of the 5-day MP-10 administration: all animals treated with RO share similar levels of locomotor activity in the first half of the session, but later the animals repeatedly treated with RO performed less beam crossing than their acutely treated counterpart (‘group’: F(2,68) = 25.7, P < 0.001; ‘bin’: F(11,98) = 8.45, P < 0.001; ‘group’x‘bin’: F(22,98) = 2.0, P = 0.01). After 9-day pretreatment with MP-10 (Figure 2F), the animals treated with MP-10 demonstrated a level of locomotor activity close to that of control rats (‘group’: F(2,81) = 25.8, P < 0.001; ‘bin’: F(11,134) = 17.7, P < 0.001; ‘group’x‘bin’: F(22,134) = 2.2, P = 0.003).
Discussion
In the present study, we confirmed that, under the conditions of reduced dopamine tone, PDE10A inhibition by MP-10 and RO exerts paradoxical motor stimulatory properties in a dose-dependent manner. However, the repeated 5 and 10-day administration of these PDE10A inhibitors was found to result in a decrease in this action.
Paradoxical stimulatory action of PDE10A inhibitors on the motor activity
It is well-known that PDE10A inhibition produces a variety of effects in laboratory animals that can be interpreted as activity-suppressing and sedative. So, when given alone, PDE10A inhibitors TP-10 and PDM‐042 markedly reduced spontaneous locomotor activity of rodents (Schmidt et al., 2008; Arakawa et al., 2016). Moreover, the administration of the substances with that type of action was able to mitigate locomotor hyperactivity induced by either dopamine transporters blockers (e.g., amphetamine: Megens et al., 2014a and methamphetamine: Suzuki et al., 2018), or NMDA receptor blockers (e.g., MK-801: Langen et al., 2012; phencyclidine: Megens et al., 2014a). These effects of the PDE10A inhibitors are well in line with the expectations that such drugs mimic certain aspects of D2 receptor antagonists’ pharmacological profile. Indeed, inhibition of PDE-10A was shown to increase responsiveness to depolarizing stimulation in both populations of striatal MSNs (Threlfell et al., 2009; Mango et al., 2014), with this effect being more prominent in striatopallidal neurons of the indirect pathway (Bateup et al., 2008; Threlfell et al., 2009). Logically, the motor effects of PDE10A inhibition in D1 receptor expressing MSNs can be detected only under the conditions of dopamine depletion when the action of dopamine on the indirect pathway is negligible or absent. In the present study, we used VMAT2 inhibitor TBZ to reduce dopamine levels. Administration of both MP-10 and RO clearly stimulated the locomotor activity of TBZ-treated rats in a dose-dependent manner. Our findings are in strict concordance with the results obtained in Janssen Pharmaceutica (Megens et al., 2014b). In this study, the administration of PDE10A inhibitors, JNJ-42314415, MP-10, TP-10, and PQ-10, was able to ameliorate the behavioral effects induced by such agents reducing dopamine neurotransmission as Ro-4-1284 (VMAT2 inhibitor), reserpine (VMAT inhibitor), haloperidol (D2 receptor antagonist), and SCH-23390 (D1 receptor antagonist).
Following repeated administration of PDE10A inhibitors, tolerance to their stimulatory action on locomotor activity develops
Decrease of clinical efficacy is a serious management problem associated with long-term treatment of Parkinson’s disease with dopaminomimetic agents, mainly with l-DOPA (Hornykiewicz, 2017). Partly this problem seems to relate to development of tolerance to the stimulatory action of anti-parkinsonian agents on locomotion (Nutt et al., 1994; Gancher et al., 1996). Moreover, this problem has a significant impact on new drug development. For example, selective D1 receptor agonists were reported to have acute anti-parkinsonian actions in rodents, non-human primates, and humans (Mailman et al., 2001; Lewis et al., 2008; Zhang et al., 2009). However, these stimulatory effects of D1 receptor agonists are subject to tolerance development (Mailman et al., 2001) and therefore of limited clinical value.
The present results indicate that repeated treatment of MP-10 and RO results in the loss of motor stimulatory effects in tetrabenazine-pretreated rats. Ten days of once-daily dosing was sufficient for the tolerance to be clearly established. It is worth noting that tolerance to the effects of PDE10A inhibitors seems to develop to the effects associated to their ability to facilitate cAMP signaling in D1 but not in D2 receptor expressing MSNs. So, we failed to find some tolerance to the D2 receptor antagonist-like disruption action of MP-10 at a dose of 3 mg/kg on operant behavior of rats in the delay-discounting task (Dorotenko and Sukhanov, unpublished observation).
The molecular mechanisms of the tolerance are not clear. However, other than PDE10A isoforms of PDE (e.g., PDE1, PDE2, and PDE4) are expressed in the striatum MSNs (Threlfell and West, 2013). Moreover, there is evidence that their expression profiles can change under certain circumstances. For example, the increased levels of PDE10A expression have been demonstrated in genetically modified mice lacking PDE1B (Hufgard et al., 2017).
Conclusions
Taken together, the present data further support the previously proposed view that PDE-10A inhibition produces a paradoxical increase in motor activity in animals with low dopamine tone. However, after repeated administration of PDE-10A inhibitors, these effects disappeared, indicating the development of a tolerance similar to that previously observed for dopamine D1 receptor agonists. Further studies aimed at analyzing the molecular mechanisms of this tolerance are warranted.


[image: ]Figure 1. The pharmacological inhibition of PDE10A by both MP-10 and RO results in motor reactivation of TBZ-treated rats. Data are represented as medians (solid lines), means (dotted lines) and 25th, 75th percentiles in a box-whisker plot with whiskers indicating 10th and 90th percentiles. * − P<0.05 compared with the corresponding vehicle control group (Dunnett’s post hoc test).


[image: ]
Figure 2. The repeated administration of PDE10A inhibitors is associated with the decrease in their stimulatory action on locomotor activity in TBZ-treated rats. Data are represented as either (A, C, E) medians (solid lines), means (dotted lines) and 25th, 75th percentiles in a box-whisker plot with whiskers indicating 10th and 90th percentiles or (B, D, F) means. * − P<0.05 (A, C, E: the Tukey’s post hoc test; B, D, F: the Bonferroni’s post hoc test) ‘single PDE10A inhibitor’ vs. ‘vehicle’; a − P<0.05 (the Bonferroni’s post hoc test) ‘repeated PDE10A inhibitor’ vs. ‘vehicle’; # − P<0.05 (the Bonferroni’s post hoc test) ‘repeated PDE10A inhibitor’ vs. ‘single PDE10A inhibitor’.
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