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INTRODUCTION 

Schizophrenia is one of the most severe and complex mental disorders which is 

characterized by the presence of positive- (hallucinations and delusions), negative-(deficit) 

and cognitive symptoms.  

Antipsychotics (neuroleptics) are the foundation for contemporary pharmacotherapy of 

schizophrenia. Although these drugs are highly effective against positive symptoms they have 

limited and almost none effectiveness against remaining clinical symptoms. Furthermore, the 

use of neuroleptics carries the risk of serious adverse effects which may not only significantly 

affect the patient's quality of life, but also shorten its duration. 

Low effectiveness in alleviating cognitive and negative symptoms of schizophrenia as 

well as numerous severe side effects of antipsychotic drugs are indication for searching new 

treatment for the disease characterized with beneficial pharmacological effect and suitable 

safety profile action. Searching for new potential strategy of pharmacotherapy for 

schizophrenia the endocannabinoid system (ECS) and modulation of its functions seem to be 

an interesting target. 

ECS is a system consisting of cannabinoid receptors (CB1 and CB2), their endogenous 

ligands and enzymes which are responsible for the synthesis and degradation of 

endocannabinoids. Recent theory of schizophrenia assumes that the positive, negative and 

cognitive symptoms of the disease may result from abnormalities in the ECS functioning. For 

this reason it is suggested that compounds which can indirectly or directly modulate the action 

of the ECS might be useful pharmacological tool for treating schizophrenia-like symptoms 

(Jones et al. , 2011; Steeds et al., 2015). 

 

 

 

 



AIM OF THE RESEARCH 

Numerous studies show that the ECS is involved in emotional behaviours and 

cognitive processes. On this account research presented in this doctoral dissertation was 

aimed at assessing the influence of compounds which directly or indirectly modulate 

functioning of the ECS on the positive, negative and cognitive symptoms of schizophrenia. A 

further aim of these studies was evaluation of the influence of the above-mentioned chemical 

compounds which were co-administered with the first-generation antipsychotic drug, 

haloperidol and then they were tested for the effectiveness of pharmacotherapy for 

schizophrenia symptoms.  

In the first part of the experiments the action of MK 801, ligands for CB1 and CB2 

receptors and inhibitors of enzymes which degrading endocannabinoids, and their effects on 

psychotic status, cognitive processes and social interactions was investigated. This 

experiments allowed for the selection of effective and non-effective doses of the tested 

compounds which were then used to the next series of experiments [Diagram 1].

 

 

 

Diagram 1. The assessment of influence of direct or indirect modulation of ECS functioning on 

psychotic status, cognitive processes and social behaviours in laboratory mice [PA- passive avoidance 

test; SI- social interaction test] 
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In the next part of the experiments non-effective doses of cannabinoid ligands or 

metabolic inhibitors of endocannabinoids were used for assessment of their influence on 

hyperlocomotion, cognitive impairments and social withdrawal induced by MK 801 

administration [Diagram 2]. 

 

 

 

 

 

 

Diagram 2. The assessment of influence of direct or indirect modulation of ECS functioning on 

hyperactivity, cognitive disturbances and social withdrawal induced by MK 801 in laboratory mice 

[PA- passive avoidance test; SI- social interaction test]. 

 

 

 

PART IB 

DIRECT MODULATION OF 
THE ECS FUNCTION  

+ MK 801 

LIGANDS FOR CB1 
RECEPTOR 

+ MK 801 

AGONIST: OLEAMID 

ANTAGONIST: AM 251 

+ MK 801 

LIGANDS FOR CB2 
RECEPTOR 

+ MK 801 

AGONIST: JWH 133 

ANTAGONIST: AM 630 

+ MK 801 

INDIRECT MODULATION OF 
THE ECS FUNCTION  

+ MK 801 

INHIBITOR OF 
FAAH 

+ MK 801 

URB 597 

+ MK 801 

INHIBITOR OF 
MAGL 

+ MK 801 

JZL 184 

+ MK 801 

THE EFFECTS OF TESTED COMPOUNDS ON: 

 HYPERLOCOMOTION [ACTIMETERS] 

 COGNITIVE DISTURBANCES [PA TEST] 

 SOCIAL WITHDRAWAL [SI TEST]  

-INDUCED BY MK 801 ADMINISTRATION 



In the second part of experiments the effectiveness of combined therapy with haloperidol 

and  ligands for CB receptors or inhibitors of endocannabinoids degradation were 

investigated. Firstly, the efficiency of this drug-drug combination on psychotic status and 

cognitive processes were examined [Diagram 3]. Secondly, the same combination of drugs 

were used to assess their influence on MK 801-induced hyperactivity and memory 

impairment [Diagram 4]. 

 In the presented study haloperidol was used as a reference antipsychotic drug due to its 

wide application and well-established  therapeutic efficacy. Haloperidol serves as a reference 

point for the investigation of action typical antipsychotic in co-administration with 

cannabinoid compounds or inhibitors of enzymes degrading endocannabinoids in treatment 

for positive and cognitive schizophrenia-like symptoms. 

 

 

 

Diagram 3. The assessment of effectiveness of combined therapy with haloperidol and ligands for CB 

receptors or metabolic inhibitors of endocannabinoids on psychotic status and cognitive processes in 

mice [PA- passive avoidance test] 
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Diagram 4. The assessment of effectiveness of combined therapy with haloperidol and ligands for CB 

receptors or metabolic inhibitors of endocannabinoids on hyperactivity or cognitive impairments 

induced by MK 801 in mice [PA- passive avoidance test]. 

 

 

 

 

 

 

 

 

 

PART IIB 

HALOPERIDOL + DIRECT 
MODULATION OF ECS FUNCTION 

+ MK 801 

HALOPERIDOL + 
LIGANDS FOR  CB1 

RECEPTOR  

+ MK 801 

HALOPERIDOL + 

AGONIST: OLEAMID 

ANTAGONIST: AM 251 

+ MK 801 

HALOPERIDOL + LIGANDS 
FOR  CB2 RECEPTOR  

+ MK 801 

HALOPERIDOL + 

AGONIST: JWH 133 

ANTAGONIST: AM 630 

+ MK 801 

HALOPERIDOL + INDIRECT 
MODULATION OF ECS FUNCTION 

+ MK 801 

HALOPERIDOL + 
INHIBITOR OF FAAH 

+ MK 801 

HALOPERIDOL 
+ 

URB 597 

+ MK 801 

HALOPERIDOL + 
INHIBITOR OF MAGL  

+ MK 801 

HALOPERIDOL  

+ 

JZL 184 

+ MK 801 

THE EFFECTS OF TESTED COMPOUNDS ON: 

 HYPERLOCOMOTION [ACTIMETERS] 

 COGNITIVE DISTURBANCES [PA TEST] 

-INDUCED BY MK 801 ADMINISTRATION 



METHODOLOGY 

In the presented studies NMDA receptor antagonist, MK 801 was used as a 

pharmacological model of schizophrenia in mice. Administration of this compound caused 

behavioural changes such as hyperlocomotion, memory impairment and social withdrawal in 

animals which correlate with positive, cognitive and negative symptoms of schizophrenia in 

humans respectively.  

The test equipment included the following behavioral tests:  

 To establish the effect of examined compounds on locomotion in mice actimeters were 

used (positive symptoms of schizophrenia). Actimeters measure the spontaneous mobility 

of mice and indicate the number of the animal's movements. 

 

 To assess the influence of tested compounds on long-term memory (cognitive symptoms 

of schizophrenia) the passive avoidance test (PA) was used. In this test, subjects learn to 

avoid an environment in which an aversive stimulus (such as a foot-shock) was previously 

delivered during crossing from the lit compartment to the dark one. In order to test 

learning and memory in mice the latency time to shift around through the gate between the 

two compartments was measured.  

 

 To examine influence of tested compounds on social behaviours in mice (negative 

symptoms of schizophrenia) social interaction test (SIT) was used. This test in animals 

measures the time spent in social investigation by pairs of male mice. 

 

 

 

 

 

 

 

 

 

 



RESEARCH RESULTS AND DISSCUSION  

 

PART IA AND IB 

 

 MK 801, the non-competitive NMDA receptor antagonist administered alone caused 

hyperlocomotion in actimeters, acquisition  of long-term memory impairment in PA test 

and social withdrawal in SIT in mice. This behavioural profile in laboratory animals 

resembles positive, cognitive and negative symptoms of schizophrenia in humans 

respectively.  

 

Obtained results claimed that MK 801 is a suitable compound used as a pharmacological 

model of schizophrenia in mice.  Moreover, these results indicated that disturbances in 

glutamatergic neurotransmission induced by MK 801 are partially responsible for 

manifestation of schizophrenia-like symptoms.  

 

 Direct modulation of the ECS function via CB1 and CB2 receptors ligands:  

 In the context of the positive symptoms of schizophrenia, obtained results claimed 

that both of the CB1 receptor agonist, oleamide (10 and 20 mg/kg) and CB1 receptor 

antagonist, AM 251 (1 and 3 mg/kg) have a beneficial impact on psychotic status in mice 

which is expressed by a decrease in locomotor activity. Additionally, results in presented 

dissertation proved a positive effect of both the CB2 receptor agonist, JWH 133 (0.5-1 mg/kg) 

and the CB2 receptor antagonist, AM 630 (0.1-1 mg/kg) on the psychotic status, which 

correlates with decrease in locomotion in mice. In the following part of experiments influence 

of CB receptors ligands on MK 801-induced hyperlocomotion was measured. For that 

purpose non-effective doses of tested compounds were used. The results showed that CB1 

receptor agonist, oleamide (5 mg/kg) did not affect hyperactivity induced by MK 801 

administration (0.3 or 0.6 mg/kg) whereas CB1 receptor antagonist, AM 251 (0.5 mg/kg) 

reversed MK 801-induced (0.3 or 0.6 mg/kg) hyperlocomotion in animals. On the other hand, 

a single administration of both JWH 133 (2 mg/kg) and AM 630 (2 mg/kg) increased the MK 

801-induced hyperlocomotion. 

In reference to the cognitive symptoms of schizophrenia, it was confirmed that 

activation of the CB1 receptor with oleamide (10 and 20 mg/kg) caused cognitive impairment 

in mice. In contrast, the inhibition of this receptor by CB1 receptor antagonist,  AM 251 (0.5 

and 1 mg/kg) showed a beneficial effect on long-term memory in mice. In this study it was 



also shown that both, CB2 receptor ligands, JWH 133 (agonist, at the dose of  2 mg / kg) and 

AM 630 (antagonist, at the dose of  2 mg /kg) have a beneficial effect on cognitive processes 

in rodents. In the next step of experiments with MK 801administration, it showed that the 

CB1 receptor antagonist, AM 251  (0.25 mg/kg) reversed cognitive impairments caused by 

MK 801 (0.3 and 0.6 mg/kg) while CB1 receptor agonist, oleamide (5 mg/kg) did not affect 

MK 801-induced memory impairment. It was also shown that a single administration of the 

CB2 receptor agonist, JWH 133 (0.25 and 0.5 mg/kg) increased the impairment of long-term 

memory after MK 801 administration (0.6 mg kg),while the administration of CB2 receptor 

antagonist, AM 630 (0.25 and 0.5 mg  kg), reversed MK 801-induced (0.3 mg/kg) memory 

impairment in mice. 

In reference to the negative symptoms of schizophrenia, it was observed that, CB 

receptor ligands are also involved  in the regulation of social behaviour in mice. In the SIT it 

was proved that oleamide at a dose of 20 mg/kg increased the time interaction in mice. CB2 

receptor agonist JWH 133 (0.5-2 mg/kg) did not affect the interaction time, while the CB2 

receptor antagonist AM 630 (2 mg/kg) increased sociability in tested animals. Moreover, both 

the agonist, oleamide (5 and 10 mg/ kg) and the CB1 receptor antagonist, AM 251 (1 mg/kg) 

reversed MK 801-induced social withdrawal (0.6 mg /kg). Similar results were obtained with 

CB2 receptor ligands, both the agonist, JWH 133 (0.5 or 1 mg/kg) and the CB2 receptor 

antagonist, AM 630 (1 mg/kg) reversed the social withdrawal induced by MK 801 (0.6 mg / 

kg) in mice. 

 

Summarizing this part of obtained research results it can be concluded that CB1 

receptor antagonists, such as AM 251, have not only antipsychotic effects, but also have 

a beneficial effect on cognitive functions and social behaviour. This pharmacological 

effect goes even beyond the effects of second-generation neuroleptics. Therefore the 

obtained results might suggest that CB1 receptor antagonism can directly or indirectly 

normalize neurochemical abnormalities in the glutamatergic animal model of 

schizophrenia. Thus, AM 251 may be potentially a promising antipsychotic drug in the 

future, not only because of the alleviation of psychotic symptoms, but also its positive 

effect on cognitive and negative symptoms of schizophrenia. In the case of CB2 receptor 

agonists, e.g. JWH 133, it has been shown that this compound in the situation of 

concomitant glutamatergic dysfunction may lead to an exacerbation of psychotic and 

cognitive symptoms. However, it might be helpful in the treatment of social withdrawal, 

which occurs in many mental diseases, e.g. . in schizophrenia. On the other hand, the 



CB2 receptor antagonist, AM 630, in the case of NMDA receptor hypofunction may 

potentiate psychosis, but positively affect other symptoms of the disease, i.e. cognitive 

disorders and/or asociality. 

 

 Indirect modulation of the ECS function via inhibitors of enzymes degrading 

endogenous cannabinoids in brain:    

In relation to the positive symptoms of schizophrenia, it was shown that a single 

administration of the FAAH inhibitor, URB 595 (0.1 and 0.3 mg/kg) had a positive effect on 

the psychotic status, which is expressed by a decrease in locomotor activity in laboratory 

animals. Similarly to another tested compound, JZL 184 (inhibitor of MAGL), at the dose of 

4-40 mg/kg caused hypolocomotion, and the dose of 1 mg/kg did not cause significant 

changes in the animals mobility. Moreover, in these studies it was showed that a single 

administration of non-effective dose of URB 597 (1 mg/kg) did not affect the hyperactivity 

induced by MK 801 (0.6 mg/kg) in mice. On the other hand, a single administration of JZL 

184 at non-ineffective dose (1 mg / kg) increased the hyperactivity in animals after MK 801 

administration (0.3 or 0.6 mg/kg). 

In the reference to the cognitive symptoms of schizophrenia these studies confirmed 

that indirect modulation of the ECS function with a FAAH or MAGL inhibitors affects 

cognitive processes, but the effects are very diverse and dose-dependent. A single 

administration of URB 597 (0.1 mg/kg) showed an improvement in  the acquisition  of long-

term memory in mice in the PA test, which was expressed as an increase in IP parameter. In 

contrast, higher doses of URB 597 (0.3 and 1 mg/kg) were ineffective. Similar results were 

obtained for the second inhibitor, JZL 184. The administration of JZL 184 at low dose          

(4 mg/kg) improved cognitive processes, which was expressed by an increase in IP, while 

higher doses did not cause significant changes in memory in mice. 

With regard to the negative symptoms of schizophrenia, the presented studies showed 

that URB 597(2 mg/kg) administration caused an improvement in sociality in mice measured 

in SI test, while lower doses of URB 597 (0.3 and 1 mg/kg) were ineffective. On the other 

hand, JZL 184 (4-40 mg/kg) did not significantly affect social interactions in mice in the SI 

test. In the following part of the study, it was observed that both inhibitors, URB 597(0.3 and 

1 mg/kg) and JZL 184 (20 mg/kg) reversed MK 801-induced (0.6 mg/kg) social withdrawal 

which was expressed as a time increase in social interactions in mice. 



The obtained research suggests that indirect modulation of the ECS function might 

be a useful tool in the treatment for different types of schizophrenia symptoms. Despite 

the URB 597, inhibitor of FAAH showed no effect on the positive symptoms of 

schizophrenia, it caused a dose-dependent effect on cognitive symptoms and a beneficial 

effect on negative symptoms. On the other hand, although the JZL 184, inhibitor of 

MAGL may intensify the psychotic and cognitive symptoms of schizophrenia it showed a 

positive influence on deficit symptoms of this disease. Thus, both URB 597 and JZL 184 

could be potential new drugs for pharmacotherapy of schizophrenia, especially for these 

clinical forms of the disease in which predominate negative symptoms e.g., residual- or 

undifferentiated- type of schizophrenia. 

 

PART IIA AND IIB 

 

 Pilot research which assesses the effects of haloperidol administration on the 

psychotic status of mice and positive symptoms of schizophrenia showed that: 

 

 Haloperidol at the dose of 0.2 and 0.3 mg/kg (i.p.) caused a decrease in locomotor activity 

but the dose of 0.1 mg / kg (i.p.) did not affect the locomotion in animals. 

 Non-effective dose of haloperidol, 0.1 mg/kg (i.p.) did not affect MK 801-induced 

hyperlocomotion (0.3 or 0.6 mg/kg) in mice. 

 

 Pilot research which assesses the effects of haloperidol administration on the long-

term memory and cognitive symptoms of schizophrenia showed that: 

 

 Haloperidol at the dose of 0.1-0.3 mg /kg (i.p.) did not affect the acquisition of long-term 

memory in mice in the PA test. 

 Non-effective dose of haloperidol, 0.1 mg / kg (i.p.) did not affect MK 801-induced        

(0.3 or 0.6 mg /kg) long-term memory disturbances in the PA test in mice. 

Based on the above-mentioned results, the non-effective dose of haloperidol (0.1 mg/kg) 

was selected. This dose of haloperidol was used for subsequent series of experiments which 

examined the effectiveness of the combined therapy with haloperidol and/or CB receptor 

ligands and/or inhibitors of endocannabinoid degradation on MK 801-induced 

hyperlocomotion and memory disorders in mice. 



 The influence of direct modulation of the ECS function on haloperidol action: 

 

A. Effects on the locomotor activity in mice: 

 Haloperidol co-administered with the CB1 receptor agonist, oleamide (5 mg/kg; i.p.), CB1 

receptor antagonist, AM 251 (0.25 or 0.5 mg/kg; i.p.), CB2 receptor agonist, JWH 133      

(2 mg/kg; i.p. ) or the CB2 receptor antagonist, AM 630 (2 mg/kg; i.p.) caused 

hypolocomotion in mice measured in actimeters. 

 

B. Effects on the acquisition of long-term memory in  mice: 

 Haloperidol co-administered with the CB1 receptor agonist, oleamide (5 mg/kg; i.p.) or 

with the CB1 receptor antagonist, AM 251 (0.25 mg/kg; i.p.), did not affect the acquisition 

of long-term memory in mice in the PA test. 

 Haloperidol co-administered with the CB2 receptor agonist, JWH 133 (0.25 or 0.5 mg/kg; 

i.p.) or with the CB2 receptor antagonist, AM 630 (0.25 or 0.5 mg / kg; i.p.) induced 

cognitive disorders in animals in the PA test. 

 

In the following experiments, the above-mentioned drug combinations with haloperidol 

and cannabinoid compounds were used to assess their effects on MK 801-induced               

(0.3 or 0.6 mg/kg) hyperactivity or memory impairment  in mice: 

 

C. Effects of co-administration of haloperidol and ligands for CB receptors on MK 801-

induced hyperactivity in mice: 

 Haloperidol co-administered with the CB1 receptor agonist, oleamide (5 mg/kg; i.p.) 

reduced MK 801-induced hyperactivity. 

 Haloperidol co-administered with the CB2 receptor agonist JWH 133 (2 mg/kg; i.p.) 

decreased MK 801-induced hyperlocomotion. 

 Haloperidol co-administered with the CB1 receptor antagonist AM 251 (0.25 or 0.5 

mg/kg; i.p.) increased MK 801-induced hyperactivity. 

 Haloperidol co-administered with the CB2 receptor antagonist AM 630 (2 mg/kg; i.p.) did 

not affect MK 801-induced hyperactivity. 

 

 

 



D. Effects of co-administration of haloperidol and ligands for CB receptors on MK 801-

induced long-term memory impairment in mice:  

 Haloperidol co-administered with the CB1 receptor agonist oleamide (5 mg/kg; i.p.), did 

not affect MK 801-induced long-term memory disturbances in mice in the PA test. 

 Haloperidol co-administered with the CB1 receptor antagonist AM 251 (0.25 mg/kg; i.p.), 

reversed MK 801-induced memory impairment in the PA test in mice. 

 Haloperidol co-administered with the CB2 receptor agonist JWH 133 (0.5 mg/kg; i.p.), 

increased MK 801-induced memory impairment in the PA test in mice. 

 Haloperidol co-administered with the CB2 receptor antagonist AM 630 (0.25 mg/kg; i.p.), 

increased MK 801-induced cognitive impairment in the PA test in mice. 

 

In relation to the positive symptoms of schizophrenia, the obtained research results 

suggest that combined therapy consisting of a classic neuroleptic, haloperidol and ligands for 

CB1 and CB2 receptors might have a positive effect on psychotic status, which is expressed 

by a decrease in locomotor activity in mice. The synergistic effect of the tested compounds on 

animal mobility at the clinical level could be helpful to reduce the doses of haloperidol with 

maintaining its therapeutic effectiveness at the same time. That may contribute to minimise 

the number of side effects of antipsychotic drug e.g. movement disorders which is common 

with haloperidol pharmacotherapy. Nevertheless, further research will be necessary to better 

understanding of the interactions between these chemical compounds. 

Moreover, the results suggest that the CB1 receptor agonist, oleamide could be                  

a potentially useful drug used in a combined therapy with haloperidol in the treatment of mild 

positive symptoms of schizophrenia. Whereas, the combination of haloperidol and the CB1 

receptor antagonist, AM 251 seems to be disadvantageous in the treatment of delusional-

hallucinatory symptoms of schizophrenia, as it may lead to their aggravation. Similar results 

were obtained in case of ligands for CB2 receptors. The combined therapy with haloperidol 

and the CB2 receptor agonist, JWH 133 appeared to be effective in treating for the positive 

symptoms of schizophrenia. However, polypharmacotherapy consisted of haloperidol and the 

CB2 receptor antagonist, AM 630 seems to be rather inadvisable in the treatment of positive 

schizophrenia-like symptoms.  

With regard to the cognitive symptoms of schizophrenia, the presented results suggest 

that combined therapy with ligands for CB1 receptor and haloperidol might be ineffective in 

the treatment for cognitive schizophrenia-like symptoms. Furthermore, the 



polypharmacotherapy consisted of haloperidol and both ligands for CB2 receptor, the agonist 

(e.g. JWH 133) and the antagonist (e.g. AM 630)seem to be undesirable because they may 

aggravate cognitive impairment. Earlier in these studies, it was shown that ligands for CB2 

receptor in combination with haloperidol can reduce locomotor activity in mice. Therefore, it 

can be assumed that cannabinoid compounds acting via CB2 receptor (JWH 133 or AM 630) 

may potentiate the neuroleptic activity of haloperidol, i.e. increase sedation, apathy, dementia, 

reduce psychomotor activity and impair cognitive processes. 

 

The presented research results shows that CB1 receptor agonists, e.g. oleamide, 

potentially would be used in polypharmacotherapy with haloperidol. This kind of drug 

combination seems to be beneficial in alleviating the positive symptoms of schizophrenia, 

and does not impairs cognitive processes at the same time. On the other hand, CB1 

receptor antagonists, e.g. AM 251 combined with haloperidol seem to be useful for 

decreasing of cognitive schizophrenia-like symptoms but they carry the risk of 

exacerbation of psychotic symptoms simultaneously. In turn, although agonists of the 

CB2 receptor, e.g. JWH 133 in combination with haloperidol have beneficial effect on 

positive symptoms of schizophrenia they may significantly intensify cognitive deficits in 

schizophrenia. Then, CB2 receptor antagonists, e.g. AM 630 are not recommended in 

treatment of schizophrenia because they combined with haloperidol may lead to the 

deterioration of not only positive but also cognitive schizophrenia-like symptoms.  

 

 Influence of indirect modulation of the ECS function on the haloperidol action: 

 

A. Effects on the locomotor activity in mice: 

 

 Haloperidol co-administered with the inhibitor of FAAH, URB 597 (1 mg/kg; i.p.) or the 

inhibitor of MAGL, JZL 184 (1 mg/kg; i.p.), caused a significant decrease in locomotion 

in rodents measured in actimeters 

 

B. Effecst on the formation of memory pathways in mice: 

 

 Haloperidol co-administered with the inhibitor of  FAAH, URB 597 (0.3 mg/kg; i.p.) 

induced cognitive impairments. However, the combination of a higher dose of URB 597 

(1mg/kg; i.p.) with haloperidol did not affect the acquisition of long-term memory in mice 

in the PA test 



 Haloperidol co-administered with the inhibitor of MAGL, JZL 184 (20 or 40 mg/kg; i.p.), 

induced cognitive impairment in mice in the PA test 

 

In following experiments the influence of the above mention drug combinations on MK 

801-induced (0.3 or 0.6 mg/kg) hyperactivity or memory impairment in mice was 

investigated: 

 

C. Effects of co-administration of haloperidol and ligands for CB receptors on  MK 801-

induced (0.3 or 0.6 mg/kg) hyperactivity in mice: 

 Haloperidol co-administered with the inhibitor of FAAH, URB 597 (1 mg/kg; i.p.) 

reduced MK 801-induced hyperactivity in mice  

 Haloperidol co-administered with the inhibitor of MAGL, JZL 184 (1 mg/kg; i.p.) showed 

no significant effect in MK 801-induced hyperactivity in mice 

 

D. Effect of co-administration of haloperidol and ligands for CB receptors on MK 801-

induced (0.3 or 0.6 mg/kg) long-term memory impairment (0.3 or 0.6 mg  kg) in mice: 

 

 Haloperidol co-administered with the inhibitor of FAAH, URB 597  (0.3 or 1 mg/kg; i.p.), 

increased MK 801-induced memory impairment 

 Haloperidol co-administered with the inhibitor of MAGL, JZL 184  (40 mg/kg; i.p.) 

significantly increased MK 801-induced memory impairment. Lower dose of JZL 184 (20 

mg / kg) co-administrated with haloperidol had no statistically significant effects on 

memory impairment induced by MK 801 in mice 

 

 The effects of haloperidol on the negative symptoms of schizophrenia: 

 

In the presented doctoral dissertation there was no investigation of studies concerning 

the influence of haloperidol on negative schizophrenia symptoms. It resulted from the fact 

that the available data does not indicate a beneficial effect of first-generation 

antipsychotics (including haloperidol) on social withdrawal induced by NMDA receptor 

antagonist e.g. MK 801(Becker and Grecksch, 2004; Bruins-Slot et al., 2005; Qiao et al., 

2001; Sams -Dodd, 1996; Sams-Dodd, 1997). Moreover, the SI test allows to measure a 

few parameters in one trial at the same time, so there is a possibility that these parameters 

may interact with each other leading to false-positive results. For instance, antipsychotics 



might affect such parameters as anxiety or locomotor activity in rodents during SI test 

which can provided inconsistent results (Sams-Dodd, 1997). Thus, the increase in social 

interactions after administration of neuroleptics in animals may be misinterpreted as their 

beneficial effects on negative symptoms of schizophrenia. On this account the 

examination of haloperidol effect and/or its combination with cannabinoid compounds or 

inhibitors of endocannabinoid degradation on social deficits in mice it was not considered. 

 

 

SUMMATION 

 

In recent years the ECS has been proved as one of the most widespread regulatory 

systems in the CNS. The wide distribution of CB receptors in the brain explains the 

growing list of functions attributed to this system. For this reason chemical compounds 

which can modulate various components of the ECS (CB1 or CB2 receptors, inhibitors of 

enzymes responsible for the breakdown of endogenous cannabinoids) appear to be  

promising tools for the treatment of many serious CNS diseases, including schizophrenia.  

In the doctoral dissertation  an innovative approach to the issues described above was 

applied. For the first time in these studies the influence of substances modulating the 

functioning of the ECS in a direct (agonists and antagonists for CB receptors) or indirect 

way (inhibitors of enzymes degrading endocannabinoids: FAAH and MAGL) on positive, 

negative and cognitive schizophrenia-like symptoms was assessed. Additionally, the 

interaction of these compounds with common-used in schizophrenia treatment, typical 

antipsychotic drug, haloperidol was assessed. The submitted studies have innovative 

nature and the obtained results might be helpful for broadening the knowledge of direct 

and indirect modulation of ECS function and its influence on mechanisms and 

neurotransmitter systems underlying the processes related to psychotic, emotional and 

cognitive disorders occurring in schizophrenia.  

In addition, the presented results may contribute to the development of 

psychopharmacology in the context of the endocannabinoid theory of schizophrenia.  

The research results for the first time they provided information about the effects of the 

combined therapy with use of ECS-modulating compounds with antipsychotic drugs used 

in the pharmacotherapy of schizophrenia, e.g. with haloperidol. These results might be 

helpful in planning further research at the clinical level, which concerns more effective 

pharmacological strategies in the treatment of all schizophrenia symptoms, both in mono- 



and polypharmacotherapy. Given the promising results at the preclinical level it is 

challenging to confirm whether compounds that directly or indirectly modulate the ECS 

functions can be developed as effective therapeutic agents thus further experiments in this 

direction are necessary. Naturally, research which allow to identify the exact molecular 

mechanisms underlying the obtained behavioural effects in laboratory animals and  also 

the exact role of particular CB receptors and endocannabinoids in the cellular response are 

required. Nevertheless, ligands for CB receptors and inhibitors of endocannabinoid 

degradation seem to be promising candidates for novel approaches to treatment CNS 

disorders with predominant psychotic, cognitive and social behavioural disorders, e.g. 

schizophrenia. 
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