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 Toxoplasma gondii (T. gondii) infection increases the risk of emerging psycho-

behavioral disorders, including schizophrenia and epilepsy. The widespread 

outbreak of T. gondii and its relation with psychiatric diseases raises the possibility 

of applying antipsychotic medications to control this parasite or parasite-based 

drugs to reduce neurological complications. According to reports, haloperidol 
prevented T. gondii tachyzoites from multiplying in culture. However, animals 

receiving these two medications did not survive longer or develop fewer cysts 

during the acute and chronic phases, respectively. In this study, the parasite’s 

repetitive DNA fragment REP529, the bradyzoite-specific protein BAG1, and the 

tachyzoite-specific protein SAG1 were quantified in mice brains treated with 

haloperidol using the quantitative real-time PCR (qPCR) technique. Similar to the 

typical anti-toxoplasmosis drug Trimethoprim/Sulfamethoxazole (TMP/SMZ), the 

therapy with haloperidol suppressed the Toxoplasma and lowered all BAG1, 

SAG1, and REP529 copy counts in mouse brains (P < 0.0001). In addition, 

haloperidol reduced brain TNF expression similarly to TMP/SMZ (P < 0.0001). 

Mice brain histology revealed a substantial decrease in lymphocyte perivascular 

infiltration, glial nodules, and cyst formation, the same as the TMP/SMZ group. 
Our findings prove the effectiveness of the mood-stabilizing and antipsychotic 

medication haloperidol in treating persistent Toxoplasma infection. These findings 

may be used to modify treatment plans for psychotic patients and create new potent 

anti-Toxoplasma medications. 
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1. Introduction 

Toxoplasma gondii is a neurotropic parasite with 

the potential to contaminate all warm-blooded 

animals. After infection, T. gondii converts into 

the tachyzoite form and spreads throughout the 

body, especially the central nervous system 

(CNS). After the immune system response, 

tachyzoite forms convert into bradyzoite forms, 

creating whole life remaining cysts in the CNS and 

muscles (Haroon et al., 2012; Saadatnia & Golkar, 

2012; Weiss & Kim, 2011). Vision impairment 

and neurological defects can also occur due to 

congenital infection (Roizen et al., 2006; 

Torgerson & Mastroiacovo, 2013; Wallon et al., 

2004). T. gondii extensively occupies brain cells, 

especially microglial cells, as well as neurons and 

astrocytes (Lüder et al., 1999), inducing 
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alternations of immune-related gene expression in 

the host brain and initiating CNS inflammation 

and neurotransmitter alternations (Boillat et al., 

2020; Carruthers and Suzuki, 2007; Fond et al., 

2015; Mendez and Koshy, 2017; Tedford and 

McConkey, 2017).  

Many psycho-behavioral disorders, primarily 

schizophrenia, may be related to T. gondii chronic 

infection (Tyebji et al., 2019). Evidence, like 

epidemiological studies and experimental results, 

proposes a connection between chronic T. gondii 

infection and schizophrenia (Chaudhury & 

Ramana, 2019; Torrey & Yolken, 2003; J. P. 

Webster et al., 2013). A significant serological 

study found similar results of a T. gondii and 

schizophrenia connection (Burgdorf et al., 2019). 

It appears that among all effective factors, T.gondii 

has a robust link with psychotic disorders (Torrey 

et al., 2012). 

Neuropathological investigations have revealed 

that both toxoplasmosis and schizophrenia impact 

microglia and astrocytes. Microglia represent 

primary CNS innate immune cells, account for 10–

15% of total CNS cells, and play a vital role in 

regulating CNS inflammatory reactions (Comer et 

al., 2020). The manifestation of schizophrenia 

appears to be connected to the inflammation 

regulated by microglia (Mizoguchi et al., 2014). 

Conversely, T. gondii infection induces microglia 

activation, which secretes inflammatory cytokines 

and molecules (Hwang et al., 2018). Both 

toxoplasmosis and schizophrenia affect various 

neurotransmitter levels (Torrey & Yolken, 2003). 

Antagonists of dopamine receptors are the 

principal component of pharmacotherapy of 

schizophrenia.  

Many antipsychotics and mood stabilizers 

exhibited antiviral and antiparasitic activity 

(Jones-Brando et al., 2003). Trifluoperazine, an 

antipsychotic drug and calmodulin antagonist, 

inhibited cell invasion by T. gondii (Pezzella et al., 

1997a). In a more comprehensive study, Jones-

Brando et al. (2003) investigated whether 

antipsychotic drugs impede T. gondii growth in a 

cell culture assay. They reported haloperidol, a 

first-generation antipsychotic drug, and valproic 

acid displayed anti-toxoplasma activity 

comparable to or higher than trimethoprim, a 

frequently prescribed medication for Toxoplasma 

infection (Fond et al., 2014; D.G. Goodwin et al., 

2011; Jones-Brando et al., 2003; Strobl et al., 

2007). Other antipsychotics such as 

zuclopenthixol, fluphenazine, thioridazine, and 

trifluoperazine have also shown modest to intense 

Toxoplasma inhibitory activity in cultured cells 

(Fond et al., 2014; D.G. Goodwin et al., 2011). 

In addition to cell culture experiments, findings 

of some clinical and animal studies have pointed 

to the possible efficacy of antipsychotics in 

inhibiting Toxoplasma infection. For example, 

Webster et al. investigated whether valproic acid 

or haloperidol's effects are attained or enhanced by 

their ability to inhibit T. gondii infection based on 

a rat model (J. Webster et al., 2006). The animals 

that received the medications exhibited a 

substantial decrease in their attraction to suicidal 

feline behavior and displayed modified behavioral 

patterns compared to the infected animals that did 

not receive any treatment. Interestingly, 

haloperidol was even more effective than the 

combination of pyrimethamine and dapsone, a 

standard Toxoplasma chemotherapy, in reversing 

the alterations in behavior induced by the infection 

(Fond et al., 2015). Another study found that CSF 

and serum IgG levels against T. gondii in patients 

with the recent advent of schizophrenia receiving 

no antipsychotic treatment were notably higher 

than in untreated controls without any psychiatric 

disease (Leweke et al., 2004). The levels of 

Toxoplasma antibodies in these patients decreased 

upon treatment with antipsychotic drugs to the 

same level as the controls (Leweke et al., 2004).  

Despite the above findings, administration of 

antipsychotic drugs to mice did not protect against 

challenge infection with the parasite (D. G. 

Goodwin et al., 2008; Saraei et al., 2016; Saraei et 

al., 2015). Valproic acid did not increase mice’s 

survival time during acute infection and did not 
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reduce brain cyst load during chronic infection. 

Similarly, mice treated with fluphenazine were not 

protected against chronic Toxoplasma infection 

(Saraei et al., 2016). Our hypothesis suggests that 

the unfavorable outcomes observed in the previous 

studies could be due to incorrect timing of drug 

treatment and/or imprecise approximation of the 

parasites' load in the brain, which relied on straight 

microscopic enumeration of cysts. Consequently, 

we propose that evaluating the effectiveness of 

psychiatric drugs against chronic infection should 

consider the amount of bradyzoites inside the 

cysts, which could serve as a more reliable 

standard than merely counting the number of brain 

cysts. Among the psychiatric medications, 

haloperidol, a typical antipsychotic, was used in 

the present study since there are controversial 

reports regarding its anti-Toxoplasma activity.  

To provide direct evidence of the in vivo 

efficacy of antipsychotic and mood-stabilizing 

drugs against T. gondii, we measured 

parasite/bradyzoite load in the brains of mice 

infected with Toxoplasma and treated with 

haloperidol. A quantitative real-time PCR 

technique was utilized to measure the transcription 

level of BAG1 and determine the copy number of 

REP-529 DNA in the brain homogenate of mice. 

Additionally, the brain TNF-α expression level 

was measured as an indicator of inflammation. 

Furthermore, weight gain and histological 

examinations of the mice's brains were conducted 

to observe brain inflammation and the formation 

of cysts. 

2. Materials and Methods  

2.1 Animals, drug preparation, and 

administration 

Fifty-four male NMRI mice (4 to 5 weeks old) 

were randomly grouped into six experimental 

batches of 14 mice according to Institutional 

Animals Ethics Committee rules (approval 

number: 0201‐13085). Exact monitoring was 

performed for 6 weeks. The T. gondii Tehran strain 

(type II) was used for animal infection (Ghorbani 

& Sami, 1973). Haloperidol (Caspian 

Pharmaceutical Co, Iran.) was diluted with 

phosphate buffer to the required concentration for 

injection into mice. Drug preparation had a neutral 

pH close to 7.0. The administered dose of 

haloperidol was 6 mg/kg, equal to 20% of their 

LD50  (Conceição & Frussa-Filho, 1996; D.G. 

Goodwin et al., 2008; Lee et al., 2013; Quiñones‐

Torrelo et al., 2001; Sun et al., 2010; J. Webster et 

al., 2006) and injected intraperitoneally. Co-

trimoxazole (Chemidarou Industrial Co, Iran) was 

incorporated into the water daily (95 mg/24 h/kg) 

(Hawk et al., 2005). The daily drug administration 

commenced four weeks after infection (PI) and 

continued for 14 days. Apart from the drug-treated 

groups (haloperidol and co-trimoxazole), the study 

also included three control groups: the solvent 

group, the infected group without any treatment, 

and the uninfected group. The solvent group 

received phosphate buffer as the solvent/diluent 

for drugs. The infected group without any 

treatment consisted of mice infected with T. gondii 

but not given any treatment.  

2.2 Animal model used to simulate Toxoplasma 

infection 

This research utilized the T. gondii Tehran strain 

(type II) (Ghorbani & Sami, 1973). To induce 

Toxoplasma infection in NMRI mice, ten brain 

cysts suspended in 200 µl of phosphate buffer 

saline (PBS) were injected intraperitoneally. Mice 

were observed for one to two months, after which 

their brains were removed, and brain cysts were 

estimated under a microscope. Toxoplasma 

infection was induced by 20 brain cysts 

intraperitoneally.  

2.3 Examination of mice brain tissues using 

histological analysis 

Three mice from each group were selected for 

histological examination. After anesthetizing the 

mice with CO2, rapid decapitation was performed. 

The mice brains were collected and fixed in 10% 

buffered formalin to form paraffin blocks. Five µm 

thickness brain sections were randomly selected 
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and stained with hematoxylin and eosin (H&E). 

The stained slides were imagined using a light 

microscope (Nikon) connected to a digital camera. 

Digital photographs were taken at different 

magnifications (× 40, × 100, × 200, and × 400) 

using objective lenses (Nikon).  

2.4 Extraction of DNA and RNA from mice 

brain tissue and subsequent preparation of 

cDNA 

DNA and RNA were extracted from the brains 

of six mice in each group. For DNA extraction, 

half of the frozen brain was homogenized in 500 

µl of PBS. From this suspension, a 50 µl sample 

was centrifuged at 8000 rpm for 5 minutes, and the 

resulting pellet was purified using the DNAeasy 

Blood & Tissue Kit from Qiagen. As for RNA 

extraction, the other half of the brain was 

homogenized in 500 µl Qiazol reagent from 

Qiagen. From this homogenate, a 100 µl portion 

was used for RNA purification, employing the 

RNAeasy plus universal mini kit from Qiagen. 

The purified RNA was then utilized for cDNA 

synthesis using the QuantiTect reverse 

transcription kit from Qiagen. 

2.5 Measurement of BAG1 transcript levels and 

REP-529 copy numbers 

As stated earlier, a duplex quantitative real-time 

PCR (qPCR) was conducted, employing two 

distinct sets of primers and probes for BAG1 and 

REP-529 (Babaie, Sayyah, Fard‐Esfahani et al., 

2017). BAG1 transcripts and REP-529 copy 

numbers were determined by comparing them to 

standard curves generated simultaneously. 

2.6 Quantification of brain TNF-α expression 

through qPCR analysis 

A qPCR approach was employed to estimate the 

TNF-α transcripts in mice brains (accession 

number: NM_013693), utilizing specific primers 

and probes listed in (Table 1) (Babaie et al., 2019). 

The quantification of TNF-α transcripts was 

accomplished by creating a standard curve, where 

known copies of a plasmid containing TNF-α were 

used in a parallel qPCR analysis (Babaie et al., 

2019).  

Table 1: The primer and probe sequences utilized for 

quantifying TNF-α. 

5’ to 3’ sequence Primer name 

CACGTCGTAGCAAACCACCA 
TNF- α 

Forward 

CAGCCTTGTCCCTTGAAGAGAA 
TNF- α 

Reverse 
CAATGCACAGCCTTCCTCACAGAGC

CA 

TNF- α 

probe 

2.7 Statistical Examination  

Statistical examination was performed by 

GraphPad Prism software version 8.0.2. The data 

are expressed as mean ± SD. The normality of the 

data was assessed using the Shapiro-Wilk test. To 

determine statistical significance, one-way 

ANOVA was applied, and P values below 0.05 (P 

< 0.05) were regarded as statistically meaningful. 

3. Results and Discussion 

3.1 Haloperidol reduces parasite/cyst quantities 

in infected mice  

One month after being infected with the T. 

gondii Tehran strain cysts (type II), mice received 

daily intraperitoneal injections of the neuroleptic 

drug haloperidol for 2 weeks. Another group of 

mice also received oral administration of co-

trimoxazole, a standard anti-Toxoplasma 

medicine. The researchers then employed qPCR 

analysis to determine the amount of REP-529, 

which serves as a measure of parasite load, and the 

transcription level of BAG1, an indicator of cyst 

number, in the brains of the mice. The results 

demonstrated that all drug treatments considerably 

(P < 0.0001) decreased both BAG1 and REP-529 

copy numbers in the mice brains. Surprisingly, the 

marked decrease in parasite/cyst burdens caused 

by the tested drug was similar to co-trimoxazole (P 

> 0.05). There were some differences in 

parasite/cyst load reduction among antipsychotic 

medications, but they were insignificant (P > 

0.05). Additionally, the infected mice in the 

solvent group (those receiving the solvent/diluent 

of the drugs) exhibited a comparable parasite/cyst 

load to the infected mice in the untreated group 

(those receiving no treatment) (Fig. 1).  
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Figure 1: Haloperidol administration decreases the 
parasite/cyst burden in infected mice. A) Quantification of 

REP-529 copy number served as an indicator of parasite 

burden. B) Quantification of BAG1 transcripts served as an 

indicator of cyst burden. Error bars represent the averages 

and standard deviations for cyst or parasite burden between 

the examined mice (n=6 per group). 

3.2 The transcription level of brain TNF-α in 

haloperidol mice group 

TNF-α transcripts in the mice's brains were 

quantified using a qPCR technique. The results 

indicated that haloperidol medication led to a 

major reduction in brain TNF-α transcription (P < 

0.0001), which was similar to the effects observed 

with co-trimoxazole (P > 0.05). Conversely, mice 

that received the drugs' solvent displayed similar 

TNF-α transcript levels as the mice group without 

any treatment, as depicted in (Fig 2). 

Figure 2: A qPCR analysis was used to quantify the TNF-α 

transcripts in mice treated with haloperidol and the control 

groups. * (P <0.0001) 

 

Figure 3: Histological examination of mice brains (H&E 

staining), A) mice that received haloperidol, B) mice from 

infected/untreated group, and C) representative of mice that 

received solvent. 

3.3 Mice brain tissues subjected to 

histopathological examination 

A 

B 
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We next examined the histopathology of mice 

brains for the presence of cysts and inflammation. 

In addition to cysts observation, infection-related 

symptoms such as heavy perivascular infiltration 

of lymphocytes, glial nodules, and encephalitis 

can be seen in brain sections of infected/untreated 

mice or the solvent group, fewer histopathologic 

lesions and brain cysts were found in brain 

sections of mice that received haloperidol. The 

lack of noticeable histopathologic lesions was also 

evident in the mice treated with co-trimoxazole 

(Fig. 3). 

 

 

3.4 Evaluating the weight gain process of mice 

Drug administration did not notably decrease 

weight gain in the treated group compared with the 

uninfected groups, as shown in (Fig. 4), indicating 

that the drugs did not have a toxic effect on treated 

mice. The drugs were administered in the chronic 

stage of infection, so they had little effect on the 

weight-gaining process, which aligns with the 

results in a similar study (Babaie, Sayyah, 

Choopani, et al., 2017). During the initial 14 days 

after the injection of cysts, mice exhibited signs of 

illness, ascites, and irregular weight gain, 

indicative of acute infection. However, after 2 

weeks, both the sickness and ascites showed 

improvement. The infected mice did not exhibit 

the usual growth rate and weight gain discerned in 

healthy, uninfected mice. Mice injected with cysts 

displayed abscesses and experienced irregular 

weight gain because of severe ascites. A 

remarkable increase in weight was observed 

during the first week after cyst injection (Fig. 4), 

with significant differences seen on days 6-12 (p < 

0.01) compared to the corresponding control 

group. Subsequently, the weight gain chart 

gradually declined and became comparable to the 

control group of uninfected mice on day 19. In the 

chronic phase, it seems that the parasite exerts its 

effect on the weight gain of mice, so drug 

administration in the chronic period did not 

significantly affect the weight gain process. It is 

evident from the graphs that, due to cyst formation 

after infection, weight gain in infected groups was 

higher than in healthy groups till the 14th to 15th 

day. From the 15th day onwards, weight gain in 

the healthy group increased, and significant 

differences with infected groups, even drug-

treated groups, can be observed. The mice weight 

graph is presented in (Fig. 4).  

Figure 4: A comparison of the daily pattern of the mice’s 

body weight gain in the solvent and treated groups. (A) co-

trimoxazole (B) haloperidol. 

Since various pieces of evidence point to that 

there may be a relationship between 

neuropsychiatric illnesses like schizophrenia and 

toxoplasma infection, much effort has been made 

to clarify this association in recent years. Our 

findings support certain clinical and animal 

research conclusions that antipsychotic 

medications effectively prevent T. gondii effects in 

vivo. To our knowledge, several in vitro studies 

have been done on this topic. According to the 

studies, however, there are some data concerning 

in vivo action of such medications against 

Toxoplasma. It is crucial to understand how 

different antipsychotics work on T. gondii (D. G. 

Goodwin et al., 2011; Jones-Brando et al., 2003). 

Previous studies reported that antipsychotic 

treatments, while successful in hindering the 

replication of T. gondii in cell culture assays, were 
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unable to prevent acute or chronic infection in 

mice. In this study, we showed haloperidol 

reduced brain cyst/parasite load and TNF-α 

expression in chronically infected mice. The 

observed effects were comparable to co-

trimoxazole, the standard treatment for 

Toxoplasma infection. These results were 

consistent with the previous study on the ant-

toxoplasmic effect of the mood stabilizer valproic 

acid in mice brains (Enshaeieh et al., 2021). 

Clarifying the mechanism(s) of the anti-

toxoplasma activity of these drugs might provide a 

better understanding of the pathogenesis of 

psycho-behavioral disorders and more effective 

management of such disorders in affected 

individuals.  

Using qPCR analysis of brain samples, the 

quantification of Toxoplasma gene indicator levels 

revealed that all three psychiatric drugs 

significantly repressed chronic infection (P < 

0.0001) to a degree comparable to co-trimoxazole. 

Additionally, histopathological inspection of the 

mice's brains showed substantially fewer instances 

of glial nodules, meningitis, and cyst formation in 

samples treated with psychiatric drugs and co-

trimoxazole compared to infected/untreated mice 

or mice that received the drugs' solvent. 

Controversial results were published concerning 

the in vitro anti-Toxoplasma activity of 

haloperidol. One study reported the robust action 

of haloperidol in preventing tachyzoite 

proliferation in cell culture (Jones-Brando et al., 

2003), while others reported weak or no activity 

(Fond et al., 2014; D.G. Goodwin et al., 2008; 

D.G. Goodwin et al., 2011; Strobl et al., 2007). 

Haloperidol was found to reverse the behavioral 

changes in Toxoplasma-infected rats, implying its 

potential anti-Toxoplasma activity (J. Webster et 

al., 2006). Furthermore, some clinical 

observations have also suggested the in vivo anti-

Toxoplasma activity of antipsychotic drugs (Fond 

et al., 2015; Leweke et al., 2004).  

In a previous study (Babaie, Sayyah, Fard‐

Esfahani, et al., 2017), we found that BAG1 

transcripts in the brains of infected mice were 

significantly reduced by several folds at week 8 

compared to week 3. Additionally, microscopic 

images have indicated bradyzoite reproduction 

occurring between weeks 3 to 5 post-infection 

(PI), after which the mean bradyzoite burden 

stabilizes (Watts et al., 2015). Few studies 

reported brain cyst reduction when chemotherapy 

started at week 8 or later. In this regard, we 

propose that trimethoprim's failure to improve 

schizophrenia symptoms in T. gondii-infected 

patients might be attributed to the infection long 

before trimethoprim treatment.  

It is important to remember that haloperidol can 

inhibit calcium transport, especially at the cellular 

ion channel level. Chemically speaking, 

haloperidol is distinct from phenothiazine 

antipsychotics because it has a butyrophenone ring 

structure. There is strong evidence that this drug 

acts as a D2 dopamine receptor antagonist, 

although its ability to block calmodulin is 

relatively weak. Dopamine in the brain might play 

a role in T. gondii's capacity to proliferate, recruit 

hosts, infect, or advance through stages (Strobl et 

al., 2012). Dopamine levels in congenitally 

infected mice were analyzed at 8 weeks, and no 

alterations were identified (D. Goodwin et al., 

2012).  

As mentioned earlier, T. gondii tachyzoites rely 

on calcium to invade host cells, and the prevention 

of this process can be achieved through calcium 

channel inhibitors and calmodulin antagonists. 

This indicates that haloperidol and potentially 

other antipsychotics' anti-toxoplasmic effect may 

be linked to their ability to inhibit calcium 

(Carruthers et al., 1999; Pezzella et al., 1997b).  

The results of the present study regarding the 

effectiveness of haloperidol on toxoplasma 

activity and replication are consistent with those of 

a related study that suggested antipsychotic drugs 

like haloperidol and valproic acid were just as 
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effective as the traditional anti-toxoplasma 

medications like pyrimethamine combined with 

dapsone in preventing Toxoplasma gondii 

proliferation, invasion, and induction of 

behavioral alternations in chronically infected rats 

(J. Webster et al., 2006). As previously indicated, 

the anti-toxoplasmic effects of such medications 

may partly result from their calcium inhibition 

properties (Johannessen, 2000). On the other hand, 

Goodwin found that in human fibroblast cell 

culture, RH strains of Toxoplasma gondii 

tachyzoites did not appear to be affected by 

haloperidol or clozapine (D. G. Goodwin et al., 

2011), in contrast to the Jones-Brando report 

regarding the influence of 12 antipsychotic 

medicines on Toxoplasma gondii RH strain 

activity in human fibroblast cell culture, which 

stated a strong role of haloperidol in avoiding 

proliferation of tachyzoites (Jones-Brando et al., 

2003).  

It is essential to clarify the precise mechanism 

through which antipsychotics influence 

Toxoplasma gondii. Human brain cells and 

Toxoplasma gondii tachyzoites may use similar 

harvesting strategies, which alter medication 

interactions. As a result, cell culture is a valuable 

model for testing out potential treatments for 

bipolar illness and schizophrenia. Since 

pharmaceuticals have an inhibitory impact on 

Toxoplasma, it is also encouraging to improve the 

effect of antipsychotic medications in infected 

people. According to research, toxoplasma-

infected individuals with schizophrenia can 

benefit from drugs like haloperidol and valproic 

acid. Therefore, it is conceivable to develop more 

potent pharmacological combinations for treating 

bipolar illness and schizophrenia (Jones-Brando et 

al., 2003). 

Antipsychotic signals for egressing T. gondii, 

which may entail inhibiting calmodulin or 

suppressing calcium signals, may cause the release 

of tachyzoites from parasitophorous vesicles. 

Atypical antipsychotics may activate ryanodine 

receptors, causing more calcium to be released 

from intracellular storage (Qin et al., 2009; 

Wagner et al., 2004) and tachyzoites to begin 

egress, which may explain why these medications 

have cytotoxic effects on the parasite (Lovett & 

Sibley, 2003).  

The connection between T. gondii infection, 

mental illnesses, and psychotic medications with 

anti-inflammatory and anti-Toxoplasma action is a 

significant turning point that can fill in numerous 

gaps and clarify essential milestones in all linked 

investigations. The literature on the probable anti-

inflammatory properties of antipsychotics tends to 

provide more consistent and less conflicting 

information. Various studies have shown the anti-

inflammatory characteristics of antipsychotic 

medications, all of which are compatible with the 

current study's findings (Chien & Pasternak, 1994, 

1995; T. Kato et al., 2007; Kowalski et al., 2003; 

Lü et al., 2004). While antipsychotics impact type 

1 and type 2 immunological responses, the overall 

manner of change is unclear. However, some 

complex issues can be clarified by considering the 

relationship between pharmaceutical effects and 

therapy results (Miller et al., 2011; Potvin et al., 

2008). Antipsychotics are included in the list of the 

most common forms of such drugs due to their 

anti-inflammatory properties (Sommer et al., 

2013).  

Studies have shown that external and 

intracellular Ca2+ pools provide the intracellular 

calcium increase necessary for the lytic processes 

to be activated or stimulated within the parasite 

(Nagamune & Sibley, 2006). The T. gondii 

genome was found to include gene sequences that 

resemble voltage-dependent Ca2+ channel 

sequences (Nagamune & Sibley, 2006; Prole & 

Taylor, 2011). A previous study found that 

nifedipine-like dihydropyridine Ca2+ channel 

inhibitors decreased Toxoplasma penetration of 

host cells (Pezzella et al., 1997a). 

 In the current investigation, we produced proof-

of-concept data demonstrating the effectiveness of 

haloperidol and toxoplasma infection and 
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associated neuroinflammation in mice. We 

propose that the mechanism of action of this 

medication in preventing toxoplasma infection 

involves interfering with calcium mobilization in 

microglia and other brain cells and that dopamine 

receptors or their canonical signaling may not be 

directly implicated. Conventional antipsychotics 

like haloperidol and trifluoperazine are antagonists 

of calmodulin; atypical antipsychotics have no 

impact on calmodulin, indicating that the way 

these medicines lower microglia activity is 

unrelated to their inhibitory action on calmodulin 

(Rushlow et al., 2009). Future research must 

define the precise mechanism(s) through which 

neuropsychiatric medications work to restrain 

Toxoplasma. Such knowledge may open up 

possibilities for the more efficient management of 

neuropsychiatric illnesses and T. gondii infection. 

According to the findings, several behavioral and 

neurological issues experienced by patients are 

caused by parasites. It follows that antipsychotic 

medications will help limit parasite growth, which 

will eventually help manage psychotic symptoms.  

An increasing body of evidence has revealed that 

typical and atypical antipsychotics, such as 

haloperidol, inhibit microglial activation and 

microglial-induced inflammatory and oxidative 

responses (Kato et al., 2011; Mizoguchi et al., 

2014; Wang et al., 2015). Microglial activation is 

suggested as an underlying reason for 

neuroinflammation and psychiatric disorders (A. 

Kato et al., 2011; Monji et al., 2013; Müller & 

Schwarz, 2007; Myint & Kim, 2014). Further 

studies suggested antipsychotics inhibit microglial 

activation by suppressing elevation in intracellular 

calcium (Ca2+) concentration (Kato et al., 2011; 

Mizoguchi et al., 2014; Wang et al., 2015), which 

controls essential functions in microglia (Brawek 

& Garaschuk, 2013; Sharma & Ping, 2014).  

4. Conclusion 

We administered haloperidol by i.p injection at 

6 mg/kg, higher than typical doses used in 

psychiatric studies. The applied dose, which is 

equal to 20% of their LD50 when administered by 

i.p injection (Conceição & Frussa-Filho, 1996; 

Lee et al., 2013; Quiñones‐Torrelo et al., 2001; 

Sun et al., 2010), did not alter the weight of the 

animal, matched to control groups (data not 

shown), and induced no behavioral changes in the 

animal.  

In the present study, we presented conclusive 

evidence supporting the effectiveness of 

haloperidol in combating neuroinflammation 

associated with chronic Toxoplasma infection in 

mice. We suggest that interfering with Ca2+ 

mobilization in microglia and other brain cells is 

the mechanism of this drug’s action in suppressing 

chronic Toxoplasma infection. Dopamine 

receptors or their canonical signaling might not be 

directly involved. Subsequent investigations are 

necessary to unveil the precise mechanism(s) 

underlying the anti-toxoplasma activity of 

neuropsychiatric drugs. Understanding this 

mechanism could open up possibilities for more 

efficient management of parasite infection and 

psychotic disorders. 
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