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Objective(s): Long-term infection with Toxoplasma gondii is associated with affective disorders (i.e., 
anxiety and depression) in adults. We aimed to explore the effects of curcumin (CR) on anxiety- and 
depressive-like behaviors in mice infected with T. gondii. 
Materials and Methods: Animals were studied in five groups: Control, Model, Model + CR20, 40, and 
80 (with IP injection of 20, 40, and 80 mg/kg CR).  T. gondii infection was prolonged for four weeks. 
The animals were then treated with CR or vehicle for two weeks and evaluated by behavioral tests 
at the end of the study. Hippocampal levels of oxidative stress biomarkers (superoxide dismutase; 
SOD, glutathione; GSH, and malondialdehyde; MDA) and gene expression and protein levels of 
hippocampal proinflammatory mediators (interleukin-1β; IL-1β, IL-6, IL-18, and tumor necrosis 
factor- α; TNF-α) were determined. 
Results: Behavioral tests confirmed that long-term infection with T. gondii led to anxiety- and 
depressive-like behaviors. Antidepressant effects of CR were linked to modulation of oxidative stress 
and cytokine network in the hippocampal region of infected mice. These results showed that CR 
reduced anxiety and depression symptoms via regulation of oxidative stress and proinflammatory 
cytokines in the hippocampus of T. gondii-infected mice. 
Conclusion: Therefore, CR can be used as a potential antidepressant agent against T. gondii-induced 
affective disorders.  
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Introduction
Toxoplasma gondii (T. gondii) is an intracellular 

apicomplexan protozoan parasite that infects humans and 
causes the toxoplasmosis disease. One-third of people 
worldwide are infected with T. gondii (1, 2). Members of 
the cat family serve as the definitive host for the sexual 
stages of T. gondii (3). Although T. gondii does not lead 
to serious complications in most adult humans, infecting 
pregnant women with this parasite for the first time can 
lead to serious illness (4).  Several studies have reported that 
acute and latent toxoplasmosis is associated with mental 
disorders (including anxiety, depression,  bipolar disorder, 
and schizophrenia) (5) and cognitive dysfunction (6). T. 
gondii can invade neurons (neurotropism) and impair brain 
function with lifelong persistence in the host brain  (3). 
According to histopathological studies, T. gondii infection 
may be related to structural changes in the brain (7). The 
presence of T. gondii cysts in neurons can alter the release 
of neurotransmitters, e.g., glutamate, dopamine, serotonin, 
and gamma-aminobutyric acid (8, 9). Oxidative stress 
(OS) has been implicated in the pathogenicity of T. gondii-
induced brain tissue damage. A significant decrease was 

observed in the levels of anti-oxidant enzymes in animals 
infected with T. gondii (10). Neuroinflammation plays an 
important role in onset of neuropsychological disorders. 
While direct infection of the central nervous system (CNS) 
with T. gondii has been implicated in the risk of mental 
and behavioral disorders, systemic inflammation following 
chronic infections indirectly contributes to the induction 
of these conditions (11, 12). Furthermore, chronic T. gondii 
infection has been reported to induce anxiety and depressive 
behavior associated with up-regulation of inflammatory 
cytokines in the central nervous system (13).

The therapeutic approaches of T. gondii are still limited, 
mainly for the treatment of the chronic phase of the infection 
(14). The combination of sulfadiazine, pyrimethamine, and 
folinic acid is the most effective therapeutic program, able 
to suppress the proliferation of T. gondii tachyzoites by 
blocking the folate synthesis pathways (15, 16). However, 
this approach is not effective enough to inhibit latent tissue 
cysts (bradyzoites) and exerts critical adverse effects (17). 
Curcumin (CR) is an active natural compound isolated 
from the dietary spice turmeric (Curcuma longa Linn) and 
exhibits various pharmacological effects, including anti-
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oxidant, anti-inflammatory, and antitumor (18). Due to the 
safety and effectiveness of CR, it can be used for a variety of 
diseases and conditions (19). Additionally, its activity against 
T. gondii-induced infections in mice has been demonstrated 
(20). The antidepressant effects of this component are linked 
to multiple mechanisms of action (21). 

To the best of the authors’ knowledge, there are 
no reports on evaluating the effects of CR on chronic 
toxoplasmosis-induced affective disorders. In this study, 
we aimed to investigate the potential effects of CR against 
T. gondii-related anxiety- and depressive-like behaviors by 
estimating the levels of OS and inflammatory biomarkers in 
the hippocampus of the infected mice. 

Materials and Methods
Study design and animals  

The experiment was accepted by the Animal Ethics 
Community of Tehran University of Medical Sciences 
(TUMS), Tehran, Iran and conducted based on the “Guide 
to the Care and Use of Laboratory Animals, 8th Edition”. A 
total of 40 male BALB/c mice male mice with an average 
weight of 12–16 g (3-4 weeks) were provided by the 
TUMS animal laboratory and maintained under a noise, 
temperature, and light-controlled (12 hr light/dark cycle) 
condition in polypropylene cages. Mice were provided 
food and water ad libitum. After adaptation, animals were 
studied in five groups (n = 8 per group): Control: uninfected 
animals received normal saline for two weeks; Model: T. 
gondii -induced mice treated with normal saline (vehicle) 
for two weeks; Model + CR: T. gondii-induced mice treated 
with CR (20, 40, or 80 mg/kg/intraperitoneal) for two weeks. 
The procedure is summarized in Figure 1a.

Parasite preparation and  
T. gondii tachyzoites (RH strain) were collected every 

two days by serial passages in the peritoneal cavity of 
BALB/c mice. As previously described, the brain tissue of 
mice infected with T. gondii tissue cysts was isolated and 
suspended in phosphate buffer saline (PBS), at pH 7.2, 
and then filtered through gauze. Subsequently, 0.1 ml of 
brain suspension containing 100 tissue cysts was injected 
intraperitoneally into each male mouse (22). Anti T. gondii 
IgG antibody (Toxoscreen DA, Biomérieux, Lyon, France) 
was used to confirm toxoplasmosis in each mouse by the 
modified agglutination test.  

Neurobehavioral assessment
Finally, eight animals in each group were used for the 

neurobehavioral tests, including forced swimming test (FST), 
open field test (OFT), and sucrose preference test (SPT). 

Open field test
OFT is usually performed to investigate the anxiety 

behavior of animals (23). The apparatus was an open field (50 
× 50 × 40 cm3) consisting of a clear Plexiglas box with a floor 
divided into 16 equal squares. A single mouse was placed on 
the center of the floor, and its behaviors were videotaped for 
5 min to analyze the time spent in the peripheral zone (24).

Sucrose preference test
This test was performed based on a previously described 

protocol for assessing anhedonia (25). Mice were adapted 
to a sucrose solution (1% sucrose [w/v]) by placing two 
bottles in each cage for 24 hr. Then, each mouse was placed 

individually in a cage, and a bottle was replaced with a 
bottle containing water (volume: 100 ml). After one hour, 
the volume of solution consumed was determined and the 
sucrose consumption (%) was calculated according to the 
following formula:

 

Forced swimming test
FST is a well-known paradigm for the assessment of 

depressive phenotypes in animal models  (26).  Briefly, a 
polyvinyl chloride cylinder (20 cm in diameter, 30 cm in 
height, and 2 L in volume) filled with fresh water to a depth 
of 20 cm (at a temperature of 24 ± 2 °C water) was used. 
Each mouse was placed in the cylinder, and the camera 
recorded the condition of each animal for 6 min. Immobility 
and swimming time were calculated for the last 4 min (27).

Tissue preparation
At the end of the experiment, the animals were sacrificed 

and the brain tissue was quickly dissected. The hippocampus 
was then isolated and stored in a refrigerator at −80 °C 
pending molecular studies. Hippocampal tissues were 
homogenized for evaluation of three main factors (n=4): 1) 
determination of OS biomarkers including malondialdehyde 
(MDA), superoxide dismutase (SOD), and glutathione 
(GSH); 2) Gene expression analysis of cytokines, including 
tumor necrosis factor α (TNFα), interleukin-1β (IL-1β), IL6, 
and IL-18 real-time quantitative PCR (qPCR) (n = 4); and 3) 
Determination of protein levels of the mentioned cytokines 
using the ELISA technique (n = 4).  
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Figure 1.  Effect of CR on behavioral alterations in chronic Toxoplasma 
gondii infection-induced anxiety and depression model of mice.  a) 
Schematic overview of experimental design, b) Time spent in the 
peripheral zone of the arena (OFT), c) Sucrose consumption percentage 
(SPT), d) Swimming time (FST), and e) Immobility time (FST). Values: 
mean ± SEM (n = 8).  a: vs control group, b: vs model group, *P<0.05, 
**P<0.01, ***P<0.001, and ****P<0.0001
CR: Curcumin
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Determination of anti-oxidant biomarkers 
The homogenized tissue (10% w/v in PBS) was centrifuged 

to collect the supernatants. Subsequently, the hippocampal 
levels of OS biomarkers were measured using MDA, GSH, 
and SOD assay kits (ZellBio GmbH, Ulm, Germany) in 
accordance with the manufacturer’s instructions.

qPCR
Total RNA was extracted from the hippocampus with Trizol 

reagent. The purity was evaluated with a spectrophotometer 
(Quawell, USA). PrimeScript reverse transcription kit 
(TAKARA Bio, Japan) was used for cDNA synthesis. 
According to the manufacturer’s instructions, 1 μg of RNA 
was used to determine reverse transcription. qPCR was done 
using the SYBR-Green kit (Takara Bio Inc.) and a Cycler 
(Light Cycler 2.0, Roche) according to the manufacturer’s 
protocols. Relative expression levels were measured by 
the formula 2−ΔΔCt. The mRNA levels of IL-1β, IL-6, IL-
18, and TNFα were determined and standardized using 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as the 
housekeeping gene. Data were presented as fold changes in 
target gene expression normalized to GAPDH. The primers 
used in the experiments are shown in Table 1.

ELISA
The levels of inflammatory cytokines (TNFα, IL-1β, 

IL-6, and IL-18) were assayed using ELISA kits (Abcam) 
according to the manufacturer’s instructions. A microplate 
reader (Varioskan Flash, Thermo Scientific, USA) was used 
for the measurements (450 nm). 

Statistics
The mean ± SEM was used to express the data. GraphPad 

Prism software (version 6.0) was used for data analysis. 
Statistical analysis was done by one-way ANOVA with 
Tukey’s post hoc test. P<0.05 was statistically significant. 

Results
Behavioral studies  

According to the OFT results (Figure 1b), the mean time 

spent in the peripheral zone of the model group was longer 
than that of the control group (P<0.0001). Treatment with 
CR (20, 40, and 80 mg/kg) significantly reduced the time 
spent in the peripheral zone compared with the model 
group (P<0.05). 

According to Figure 1c, SPT results showed that the 
percentage of sucrose consumption by depressed animals 
was significantly reduced compared with uninfected animals 
(P<0.0001). CR treatment dose-dependently improved the 
percentage of sucrose consumption in the model + CR20, 
model + CR40, and model + CR80 groups compared with the 
model group (P<0.05). 

According to the FST results (Figure 1d), infection of the 
animals with T. gondii significantly reduced the swimming 
time (P<0.05). Treatment with CR significantly reversed 
the effects of long-term T. gondii infection in the model + 
CR20, model + CR40, and model + CR80 groups compared 
with the model group (P<0.05). Moreover, the immobility 
time (Figure 1e) was significantly prolonged in the infected 
group (P<0.05). Administration of CR significantly reduced 
the immobility time in the model + CR20, model + CR40, 
and model + CR80 groups compared with the model group 
(P<0.05).

Hippocampal levels of oxidative stress markers  
According to Figure 2, protein levels of OS biomarkers 

(GSH, SOD, and MDA) were determined in the 
hippocampus of infected animals. The hippocampal 
activity of GSH (P<0.0001, Figure 2a) and SOD (P<0.0001, 
Figure 2b) were significantly reduced in the infected group 
compared with the control group. Moreover, hippocampal 
levels of MDA (P<0.0001, Figure 2c) were significantly 
increased in the infected group compared with the control 
group. Administration of CR dose-dependently modulated 
hippocampal levels of OS biomarkers in infected animals. 

mRNA levels of hippocampal proinflammatory cytokines  
T. gondii infection significantly increased the gene 

expression of proinflammatory cytokines, including TNFα 
(P<0.0001, Figure 3a), IL6 (P<0.0001, Figure 3b), IL-1β 
(P<0.0001, Figure 3c), and IL-18 (P<0.0001, Figure 3d) in 
the hippocampus of infected animals compared with the 
control group. The qPCR results demonstrated that CR 
treatment attenuated the elevated levels of proinflammatory 
cytokines in the hippocampus after T. gondii infection. 

Effects of CR on protein levels of proinflammatory cytokines  
The ELISA results revealed that T. gondii significantly 

increased the protein levels of proinflammatory cytokines, 
including TNFα (P<0.0001, Figure 4a), IL6 (P<0.0001, 
Figure 4b), IL-1β (P<0.0001, Figure 4c), and IL-18 
(P<0.0001, Figure 4d) in the hippocampus of the infected 
animals compared with the control group. CR treatment 

 

Table 1. Primer sequences for qPCR in the study
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Figure 2. Effect of CR on the hippocampal levels of oxidative stress markers of chronic Toxoplasma gondii infection-induced depression mice model.  a) 
GSH, b) SOD, and c) MDA. Values: mean ± SEM (n = 4).  a: vs control group, b: vs model group, *P<0.05, *** P<0.001, and ****P<0.0001
CR: Curcumin; GSH: Glutathione; SOD: Superoxide dismutase; MDA: Malondialdehyde
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reduced elevated levels of proinflammatory cytokines in the 
hippocampus in infected mice.

Discussion
In this study, we used CR (20, 40, and 80 g/kg) to treat 

chronic T. gondii infection-induced affective disorders. 
According to the results of behavioral tests, a four-week 
exposure of animals to chronic T. gondii infection led to 
anxiety- and depressive-like behaviors in mice. In this study, 
we used OPT, SPT, and FST to examine animal behavior. The 
OFT results showed that the time spent in the peripheral 
zone was prolonged in the infected group. Additionally, 
FST results showed an increase in the immobility time and 
a decrease in the swimming time in infected animals. The 
percentage of sucrose consumption decreased in the model 
group. All of these findings confirmed that anxiety- and 
depressive-like behavior occurs in infected animals. T. gondii, 
an intracellular protozoan parasite, can infect humans and 
other warm-blooded vertebrates, such as livestock and cats. 
In recent years, several studies have confirmed that long-
term infection of the CNS with T. gondii may be associated 
with neuropsychiatric disorders, including dementia, 
schizophrenia, and personality changes (28-32). T. gondii 
has emerged as an attractive candidate for a possible cause of 
mood alterations in infected patients (32). 

Our results indicated that T. gondii infection affected 
brain function through dysregulation of OS biomarkers 
(SOD, GSH, and MDA) and proinflammatory cytokines 
(TNFα, IL-6, IL-1β, and IL-18) in the hippocampus. OS has 
been implicated as a common factor in the pathogenesis 
of anxiety and depression (33, 34). The presence of OS in 
the CNS as a result of increased levels of reactive oxygen 
species (ROS) can activate the NLRP3 inflammasome in 
microglial cells. The NLRP3 inflammasome, an intracellular 
complex, is an important mediator of cytokine production 
(35). At the same time, activated microglia can produce 
high levels of pro-inflammatory cytokines, which in turn 

worsens OS (36). Neuroinflammation plays a critical 
role in the pathogenesis of neuropsychiatric disorders, 
including depression and bipolar disorder (37-39). Chronic 
neuroinflammation is linked to the disruption of neural 
plasticity and neurogenesis in the hippocampus, leading to 
anxiety and mood disorders (40). 

Microglia,  primary immune cells of the brain,  and 
astrocytes appear to be critical components of the innate 
immune system in the CNS (41, 42). Activation of microglia 
in response to external stimuli, such as infections, traumatic 
brain injury, autoimmune products, and toxic agents, 
triggers neuroinflammation (39). Furthermore, T. gondii 
infection leads to persistent neuroinflammation (39), which 
leads to neuropsychological deficits (43, 44) and behavioral 
alterations (45, 46). An increase in the level of interferon-γ 
(IFN-γ) to control T. gondii growth causes tryptophan 
depletion and activation of  indoleamine-2,3-dioxygenase, 
resulting in reduced CNS levels of serotonin and induction 
of depressive symptoms (47). T. gondii infection was shown 
to promote neuroinflammation through activation of 
cytokine networks (up-regulation of TNFα, IL-6, and IL-
1β) in mice (48). Although TNF-α, IL-6, and IL-1β play 
crucial roles as acute phase proteins, they may act differently 
in the pathology of depression. Microglia in the brain and 
macrophages in the blood are responsible for the production 
of proinflammatory cytokines (49). IL-1β is essential in 
the pathogenesis and pathophysiology of anxiety- and 
depressive-like behavior (50, 51). IL-1β stimulation leads 
to several depressive-like behaviors in animal models, and 
suppression of IL-1β overexpression has shown a beneficial 
antidepressant-like effect (52).

Dietary supplementations have been revealed to inhibit 
neuroinflammatory signals and reverse inflammation-
associated abnormalities in the hippocampus (53). In the 
present study, animals were treated with CR (20, 40, 80 
mg/kg) for two weeks. Our findings confirmed that CR 
administration improved anxiety- and depressive-like 
behaviors by reducing time spent in the peripheral zone in 
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 Figure 3.  Effect of CR on the mRNA levels of hippocampal proinflammatory 
cytokines in mice infected by Toxoplasma gondii.  a) IL-1β, b) IL-6, c) IL-
18, and d) TNF-α. Values: Mean ± SEM (n = 4).  a: vs control group, b: vs 
model group, *P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001
CR: Curcumin

Figure 4.  Effect of CR on the hippocampal levels of proinflammatory 
cytokines. in mice infected by Toxoplasma gondii.  a) IL-1β, b) IL-6, c) IL-
18, and d) TNF-α. Values: mean ± SEM (n = 4).  a: vs control group, b: vs 
model group, *P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001
CR: Curcumin
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OFT, increasing swimming time and reducing immobility 
time in FST, and increasing sucrose consumption in SPT. 
Moreover, this component could successfully enhance 
anti-oxidant defense via increasing GSH and SOD. In 
addition, CR could decrease lipid peroxidation by reducing 
MDA levels in the hippocampus. Elevated hippocampal 
proinflammatory cytokines after T. gondii infection were 
also reversed by CR administration. According to the 
literature, CR exerts a broad spectrum of pharmacological 
and biological characteristics, including anti-oxidant, anti-
inflammatory, and antiviral (54). Moreover, the parasiticidal 
and cytotoxic properties of CR have been reported in 
helminthic parasites, e.g.,  Schistosoma mansoni (55) and  
Schistosoma japonicum (56), and a variety of protozoan 
parasites, e.g.,  Giardia lamblia (57), Leishmania (58),  
Plasmodium falciparum (59), and Trypanosoma cruzi (60). 

Recently, the efficiency of CR against T. gondii infection 
has been examined. Its inhibitory activity against the spread 
of parasites makes it a potential therapeutic agent against 
toxoplasmosis (61). Several studies have indicated that herbal 
medicines or their derivatives have potential anxiolytic and 
antidepressant effects (62, 63). A growing body of evidence 
has confirmed the anxiolytic and antidepressant effects 
of CR through various mechanisms. In an animal study, 
administration of CR (50 mg/kg) improved FST and tail 
suspension test (TST) scores by suppressing monoamine 
oxidase enzymes and regulating concentrations of the 
neurotransmitters dopamine and serotonin in the brain 
(64). The anti-inflammatory effects of CR are related to the 
inhibition of cytokine production. CR could prevent the 
production of mature IL-1β and inhibit insulin resistance 
as a consequence of a high-fat diet in a mouse model 
(65). In stressed animals, CR could attenuate depressive 
behaviors via modulation of NF-κB/NLRP3 signaling and 
subsequently reduce the conversion of pro-IL-1β to mature 
IL-1β (66). Additionally, administration of CR might reduce 
depressive behavior by inhibiting microglial activity in the 
release of pro-inflammatory drugs, e.g., IL-1β and TNF-α 
(67). 

Conclusion
Long-term infection with T. gondii caused affective 

disorders in the animals. Anxiety- and depressive-like 
behaviors were associated with OS condition due to the 
reduced levels of anti-oxidant enzymes (SOD and GSH) and 
increased levels of MDA, a ROS-induced lipid peroxidation 
factor. In addition, OS might be related to higher levels of 
proinflammatory mediators, including IL-1β, IL-6, IL-18, 
and TNF-α in the hippocampus of animals with T. gondii 
infection.  Our findings revealed that curcumin alleviated 
anxiety- and depressive-like behaviors in T. gondii-infected 
animals by regulating OS biomarkers and modulating 
proinflammatory mediators. 
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