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Abstract

Background: Toxoplasma gondii is a zoonotic protozoan with worldwide distribution. Recent studies have shown that the trans-
mission of T. gondii is facilitated by its ability to modify the host’s behavior.

Objectives: The present study aimed to investigate the effect of T. gondii infection on anxiety in an animal model and determine the
levels of cortisol and interleukin-17 (IL-17) in rats.

Methods: In this study, 40 rats were randomly allocated to four groups, namely uninfected animals as the control group, infected
group, infected and trimethoprim-sulfamethoxazole (TMP-SMX)-treated group, and infected and dexamethasone-receiving group.
Thirty days after the infection, the rats were subjected to behavioral tests utilizing the plus maze. The cortisol and IL-17 levels in the
serum of the infected rats were measured by the enzyme-linked immunosorbent assay.

Results: The infected rats had a significantly higher number of entries to the open arms, and the mean spent time in the open
arms was higher than that of the control group (P < 0.01). The dexamethasone-receiving and TMP-SMX-treated rats had a lower
number of entries to the open arms, and the mean spent time in the open arms was less than that of the infected group; however,
there were no significant differences in closed arm entries between different groups and the control group. Regarding the total
activity, the infected rats had significantly higher values than the controls, dexamethasone-receiving rats, and TMP-SMX-treated
rats; nevertheless, the differences were not statistically significant.

Conclusions: In conclusion, it was observed that T. gondii had anxiolytic effects, and IL-17 and cortisol levels increased in the serum
of the infected rats.
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1. Background altered from tachyzoite to bradyzoite form, and the for-

mation of cysts occurs (4, 5)The parasite generates cysts in

Toxoplasma gondii is an obligatory intracellular proto-
zoan detected worldwide (1). Its definitive hosts are fe-
lids; however, its intermediate hosts are approximately all
warm-blooded animals. Moreover, it could parasitize all
the nucleated cells of its hosts; therefore, T. gondii is one of
the most successful parasites in the world (2). T. gondii can
be transmitted to humans by the ingestion of tissue cysts
in raw or undercooked meat, accidental consumption of
oocysts excreted from cats in the environment, and con-
genital transmission by tachyzoites (3).

During the acute phase of the T. gondii infection, tachy-
zoites multiply rapidly within the nucleated cells; finally,
they lyse host cells and are hematogenously distributed
throughout the body. After the acute phase, the host im-
mune system develops a protective response; finally, it is

muscle and neural cells, including neurons, glial cells, and
especially astrocytes (6), because the brain is an immune-
privileged site for having a long life of T. gondii cysts (7).
The parasite does not usually cause much damage to
immunocompetent hosts; however, it has been associated
with cognitive impairments, emotional disturbances, and
schizophrenia (8). Recent studies have shown that the
transmission of T. gondii is also facilitated by the ability to
modify its host’s behavior (9-11). According to the manip-
ulation hypothesis, specific parasites can change host be-
havior for their own benefit (1). T. gondii-infected rats and
mice had a less innate fear of the odor of cat urine; this ef-
fect is useful for the parasite (1). The mechanisms for these
changes have not been clearly identified to date; however,
there is evidence that toxoplasmosis increases dopamine
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levels in the amygdala in the brain of infected mice by
genes encoding the tyrosine hydroxylase enzyme produc-
tion (12). It is noticeable that the hippocampus and amyg-
dala are structures in the brain associated with natural de-
fense behaviors and emotion processing (13).

During the acute phase of infection, the host immune
system activates and raises the level of cytokines, including
interleukins (i.e., interleukin-1 and interleukin-6), tumor
necrosis factor-alpha, and interferon-gamma, that may in-
directly alter brain neurotransmitter levels (14). Cortisol
is a glucocorticoid hormone secreted by the adrenal cor-
tex. The glucocorticoids could synthesize the proteins that
may have inhibitory or stimulatory effects on some specific
tissues (15).

2. Objectives

The present study mainly aimed to investigate the ef-
fect of T. gondii infection on anxiety in an animal model and
determine the levels of cortisol and interleukin-17 (IL-17) in
rats.

3. Methods

3.1. T. gondii Strain Culture

This study was designed and carried out in the Re-
search Laboratory of the School of Medicine, Hamadan
University of Medical Sciences, Hamadan, Iran. T. gondii
RH strain was donated by the Department of Parasitology,
School of Public Health, Tehran University of Medical Sci-
ence, Tehran, Iran. The tachyzoites of this strain are lethal
to mice during 4 - 5 days after inoculation. The obtained
parasites were reproduced by intraperitoneal (IP) inocu-
lation in BALB/c mice and used 3 days after the inocula-
tion of tachyzoites for this experiment. The collected tachy-
zoites were suspended in sterile phosphate-buffered saline
(PBS) and counted the number of tachyzoites; then, peri-
toneal fluid was mixed with PBS and was counted using a
Neubauer chamber. For the prevention of bacterial growth
in the peritoneal exudates, penicillin and streptomycin
were added (1000 units of penicillin and 1 mg of strepto-
mycin/per ml of IP exudates).

3.2. Experimental Animals

A total of 40 male Wistar rats weighing 200 - 250 g
were obtained from the Animal House of Hamadan Uni-
versity of Medical Sciences. The rats were randomly al-
located to four groups (n = 10 for each group), namely
uninfected animals as the control group, infected group,
infected and trimethoprim-sulfamethoxazole (TMP-SMX)-
treated group, and infected and dexamethasone-receiving

group. Food and water were freely available equally for all
the groups, and the room temperature was maintained at
22-25°C.The light was on from 7 a.m. to 7 p.m.

3.3. T. gondii Infection of Rats and Drug-Treated Animals

The rats of the control group were injected with 0.2 mL
PBS (group 1). The experimental group rats were infected
by the IP injections of 106 tachyzoites (group 2) (16). The
treatment of animals started 5 days after the infection for
10 consecutive days with the IP doses of 0.5 mg/kg/day TMP-
SMX (group3) (17). The animals were intramuscularly in-
jected with dexamethasone at 1.5 mg/kg/day for 7 days im-
mediately after parasite inoculation (group 4) (18).

3.4. Test for Anxiety Evaluation

The plus maze was made of wood with two opposite
open arms (50 X 10 cm) and two opposite enclosed-end
arms by 40-cm height walls. The arms were connected by a
10 X 10 cm central square; accordingly, the maze formed a
‘plus’ shape. The maze was elevated 50 cm above the floor.
A camera was vertically mounted above the maze, and the
behavior was visible from a screen monitor in an adjacent
room. The changes in the spent time in the open arms and
entries to the open arms are indicated as anxiety; however,
the number of closed-arm entries is the best indicator of
normal activity in the maze. The behavior test was per-
formed within 8 to12 a.m. Each ratwas placed in the central
square of the plus maze facing a closed-end arm. The total
activity unit of rats was the mean of the number of entries
to plus maze arms in each group. The measurements were
performed by RAT IL-17 PicoKine ELISA Kit (Boster Bio, USA)
and Monobind Cortisol Kit (CAT NO: 3625-300, Monobind
Inc., USA) according to the manufacturer’s instructions.

3.5. Statistical Analysis

Statistical analyses were performed using SPSS soft-
ware (version 16). Behavioral scores were analyzed using a
one-way analysis of variance followed by Tukey’s post-hoc
test. Differences were considered statistically significant if
p-values were less than 0.05. The relationship between cor-
tisol and IL-17 concentration with behavior scores was as-
sessed by the Pearson linear correlation.

3.6. Ethical Considerations

This study was approved by the Research Ethics Com-
mittee of Hamadan University of Medical Sciences (ethics
code No.: IR_-UMSHA.REC.1394.168).
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4. Results

4.1. Behavioral Tests

In the elevated plus maze, the infected rats had a signif-
icantly higher number of entries to the open arms, and the
mean spent time in the open arms was higher than that of
the control group (P< 0.01). The dexamethasone-receiving
and TMP-SMX-treated rats had a lower number of entries
to the open arms, and the mean spent time in the open
arms was lower than that of the infected group; neverthe-
less, there were no significant differences in closed arm en-
tries between different groups with the control group (Fig-
ures 1and 2). Regarding the total activity, the infected rats
had significantly higher levels than the controls (Table 1),
dexamethasone-receiving rats, and TMP-SMX-treated rats;
however, the differences were not statistically significant
(Figure 3).

4.2. Hormonal Assay

As depicted in Figure 4, the cortisol serum level is
significantly higher in the infected rats than that in the
healthy rats. The increased levels of cortisol in the dexam-
ethasone group could be due to the treatment effect.

4.3. Serological Test

As indicated in Figure 5, the IL-17 of serum was signifi-
cantly higher in the infected rats than that in the healthy
rats.

5. Discussion

The rats infected with T. gondii had an increased spent
time in the elevated plus maze, number of entries in the
open arms, and total activity (increase in total activity
probably due to the increased number of entries in the
open arms). In contrast, the dexamethasone-receiving and
TMP-SMZ-treated rats had decreased spent time and num-
bers of entries in the open arms in comparison to the in-
fected rats, and there was no significant difference in to-
tal activity in comparison to that of the control group.
The results showed the anxiolytic effects of T. gondii with
106 tachyzoites in the two-week post-inoculation period in
rats. In this study, a rat model was used because mice are
more sensitive than rats to T. gondii infection, and after a
few days of suffering severe brain damage they die due to
disseminated acute infection.

Previous studies suggested that not only infected ro-
dents reduced normal aversion to cat odor but also they
had a special attraction to it (19). According to a study per-
formed by Zareian et al. (20), there was no significant dif-
ference in the anxiety levels between infected and healthy

Zahedan ] Res Med Sci. 2021; 23(3):€95733.

rats; however, the present study showed that T. gondii in-
fection reduced the levels of anxiety in rats. A study con-
ducted by Hay et al. (21) reported a reduction of open arm
exploration and total activity counts in mice. Gonzalez et
al. (22) showed an increased open arm exploration; never-
theless, it did not change total activity in rats infected with
T. gondii.

Kannan et al. (23) indicated the evaluated effects of T.
gondii infection on the mice behavior (i.e., 100 and 1000
tachyzoites) by two type Il strains of T. gondii, Prugniaud
(PRU), and ME49. The increased activity of locomotors was
observed in PRU-infected mice in the open field in con-
trast to ME49-infected mice, and a significant decrease in
Y maze entries was observed showing the impaired spa-
tial memory of mice. In another study conducted on preg-
nant women seropositive for toxoplasmosis, a direct cor-
relation was reported between anti-T. gondii immunoglob-
ulin G and anxiety level (24).

In several studies, behavioral changes have been ar-
gued by the pattern of immune response due to increased
levels of inflammatory cytokines during the acute phase
of infection, probably increasing the permeability of the
vessels that the blood supply to the damaged organ in
the brain (25). In the present study, the levels of pro-
inflammatory IL-17 in infected rats significantly increased,
compared to those of the healthy rats. Glucocorticoids are
the mostimportant modulators of immune responses and
play an important role in systemic stress responses. They
are known forimmunosuppressive and anti-inflammatory
properties in different diseases (18). The results of the cur-
rent study showed that the treatment of infected rats with
dexamethasone improved the anxiolytic effects of para-
sites.

T. gondii alters important parameters that are respon-
sible for energy homeostasis in the brain. Acetylcholine is
an important neurotransmitter in the brain, and changes
in its activity are associated with neurological damages.
T. gondii increases the level of acetylcholine in the brain.
The TMP-SMX can adjust acetylcholinesterase activity in in-
fected rats (17,26). In the present experimental rats treated
with TMP-SMZ, there was a significant reduction in the
spent time in the open arms, even compared to that of the
non-infected rats, which is probably caused by the treat-
ment effects.

Other candidate mechanisms for behavioral changes
include decreased glutamate/gamma-aminobutyric acid
ratioin limbic areas after astrocytes damage, increased lev-
els of dopamine in the brain, neurotransmitter alteration,
and release of anxiolytic-like compounds by the parasite
and hormonal manipulation (22, 27). Mahbodfar et al. (28)
demonstrated that the concentrations of testosterone and
cortisol increased in individuals seropositive for toxoplas-
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Figure 1. Effects of T. gondii infection and treatment of infected rats by dexamethasone and trimethoprim-sulfamethoxazole (TMP-SMX) on spent time in open arms during a
10-minute test in Wistar rats; results presented as mean (= standard deviation); * P < 0.05 and **P < 0.01in comparison to control.
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Figure 2. Effects of T gondii infection and treatment of infected rats with dexamethasone and trimethoprim-sulfamethoxazole (TMP-SMZ) on mean number of entries to open
arms during a 10- minute test in Wistar rats; results presented as mean (+ standard deviation); * P < 0.05 and **P < 0.01in comparison to control.
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Figure 3. Effects of T. gondii infection and treatment of infected rats with dexamethasone and trimethoprim-sulfamethoxazole (TMP-SMX) on total activity during a 10-minute
test in Wistar rats; results presented as mean (= standard deviation); ** P < 0.01in comparison to control.
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Figure 4. Effects of T. gondii infection on serum cortisol level (11g/dL) in rats 14 days after infection; results presented as mean (= standard deviation); *** P < 0.001in compar-
ison to control.
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Table 1. Number of Entries to Closed and Open Arms of Plus Maze Based on Infected, Treated, and Control groups

Groups

Closed Arms

Open Arms

Total Activity

Control
Infected

Dexamethasone

12.66

20

9.55

13.88

4.85

2.44

14.44

24.57

12

14.22

Trimethoprim-sulfamethoxazole

450 383
%k %k %k
400

350
300
250

200

IL-17 (pg/ml)

150

100 86

50

320
%k %

107

Control Infected

Dex TMP-SMZ

Figure 5. Effects of T. gondii infection on serum interleukin-17 (IL-17) level (pg/mL) in rats 14 days after infection; results presented as mean (4 standard deviation); *** P < 0.001

in comparison to control.

mosis. Moreover, in this study, the infected rats had high
levels of cortisol than the healthy rats. Although corticos-
teroids do not directly affect behavior, they had an impor-
tant role in fear and anxiety control centers (29). Cortisol
levels increase through tachyzoites, cysts, and cystozoites
in infected individuals (18, 30, 31).

5.1. Conclusion

In conclusion, this study indicates that T. gondii has
anxiolytic effects on rats, and IL-17 and cortisol levels in-
creased in the serum of infected rats. The treatment
was not different between the rats receiving the anti-
inflammatory agent and healthy rats.

Footnotes

Authors’ Contribution: T.S., performing the experi-
ments in the Research Laboratory and Laboratory of Phys-
iology Department; 1.S., advising on the animal behavior
section; A.H.M., advising on the parasitological laboratory
measures; M.M., advising on laboratory measures to pre-
pare the live parasites; A.P.R., advising on the biochemical
laboratory measures; M. F, providing the grant and super-
vising all steps of the research process

Conflict of Interests: The authors declare that there is no
conflict of interest.

Ethical Approval: This study was approved by the Re-
search Ethics Committee of Hamadan University of Medi-
cal Sciences (ethics code No.: IRUMSHA.REC.1394.168).

Funding/Support: The authors declare that there is no
funding for this study.

References

1. Halonen SK, Weiss LM. Toxoplasmosis. Handb Clin Neurol. 2013;114:125-
45. doi: 10.1016/B978-0-444-53490-3.00008-X. [PubMed: 23829904].
[PubMed Central: PMC4157368].

2. Webster JP. Dubey, ].P. Toxoplasmosis of animals and humans. Para-
sites Vectors. 2010;3(1). doi: 10.1186/1756-3305-3-112.

3. Weiss LM, Dubey JP. Toxoplasmosis: A history of clinical observations.
Int ] Parasitol. 2009;39(8):895-901. doi: 10.1016/j.ijpara.2009.02.004.
[PubMed: 19217908]. [PubMed Central: PMC2704023].

4. Wilson EH,Hunter CA.The role of astrocytes in the immunopathogen-
esis of toxoplasmic encephalitis. Int ] Parasitol. 2004;34(5):543-8. doi:
10.1016(j.ijpara.2003.12.010. [PubMed: 15064118].

5. Dubey JP, Frenkel JK. Toxoplasmosis of rats: a review, with con-
siderations of their value as an animal model and their possible
role in epidemiology. Vet Parasitol. 1998;77(1):1-32. doi: 10.1016/s0304-
4017(97)00227-6. [PubMed: 9652380].

6. Carruthers VB, Suzuki Y. Effects of Toxoplasma gondii infection on the
brain. Schizophr Bull. 2007;33(3):745-51. doi: 10.1093/schbul/sbm008.
[PubMed: 17322557]. [PubMed Central: PMC2526127].

Zahedan ] Res Med Sci. 2021; 23(3):e95733.


http://dx.doi.org/10.1016/B978-0-444-53490-3.00008-X
http://www.ncbi.nlm.nih.gov/pubmed/23829904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4157368
http://dx.doi.org/10.1186/1756-3305-3-112
http://dx.doi.org/10.1016/j.ijpara.2009.02.004
http://www.ncbi.nlm.nih.gov/pubmed/19217908
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2704023
http://dx.doi.org/10.1016/j.ijpara.2003.12.010
http://www.ncbi.nlm.nih.gov/pubmed/15064118
http://dx.doi.org/10.1016/s0304-4017(97)00227-6
http://dx.doi.org/10.1016/s0304-4017(97)00227-6
http://www.ncbi.nlm.nih.gov/pubmed/9652380
http://dx.doi.org/10.1093/schbul/sbm008
http://www.ncbi.nlm.nih.gov/pubmed/17322557
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2526127

Uncorrected Proof

Fallah M et al.

10.

1.

13.

14.

15.

16.

17.

18.

19.

20.

. Lestage ], Verrier D, Palin K, Dantzer R. The enzyme indoleamine 2,3-

dioxygenase is induced in the mouse brain in response to periph-
eral administration of lipopolysaccharide and superantigen. Brain
BehavImmun.2002;16(5):596-601. doi: 10.1016/s0889-1591(02)00014-4.
[PubMed: 12401474].

. Leweke FM, Gerth CW, Koethe D, Klosterkotter ], Ruslanova I, Krivo-

gorsky B, et al. Antibodies to infectious agents in individuals
with recent onset schizophrenia. Eur Arch Psychiatry Clin Neurosci.
2004;254(1):4-8.d0i:10.1007/s00406-004-0481-6. [PubMed: 14991372].

. Flegr]. Influence of latent Toxoplasma infection on human personal-

ity, physiology and morphology: pros and cons of the Toxoplasma-
human model in studying the manipulation hypothesis. ] Exp Biol.
2013;216(Pt 1):127-33. doi: 10.1242[jeb.073635. [PubMed: 23225875].
Golcu D, Gebre RZ, Sapolsky RM. Toxoplasma gondii influences aver-
sive behaviors of female rats in an estrus cycle dependent man-
ner. Physiol Behav. 2014;135:98-103. doi: 10.1016/j.physbeh.2014.05.036.
[PubMed: 24907696]. [PubMed Central: PMC4821409].

Gatkowska ], Wieczorek M, Dziadek B, Dzitko K, Dlugonska H. Be-
havioral changes in mice caused by Toxoplasma gondii invasion of
brain. Parasitol Res. 2012;111(1):53-8. doi: 10.1007/s00436-011-2800-y.
[PubMed: 22223035]. [PubMed Central: PMC3378833].

. Vyas A, Sapolsky R. Manipulation of host behaviour by Toxoplasma

gondii: What is the minimum a proposed proximate mecha-
nism should explain? Folia Parasitol (Praha). 2010;57(2):88-94. doi:
10.14411/fp.2010.011. [PubMed: 20608470].

da Silva RC, Langoni H. Toxoplasma gondii: Host-parasite interac-
tion and behavior manipulation. Parasitol Res.2009;105(4):893-8. doi:
10.1007/s00436-009-1526-6. [PubMed: 19548003].

Dunn A]. Effects of cytokines and infections on brain neurochemistry.
Clin Neurosci Res. 2006;6(1-2):52-68. doi: 10.1016[j.cnr.2006.04.002.
[PubMed: 18079991]. [PubMed Central: PMC2136407].

Gardner DG, Shoback DM. Adrenal modulla. Greenspan’s Basic and
Clinical Endocrinology. New York, USA: McGraw-Hill Education; 2011.
Daniels BP, Sestito SR, Rouse ST. An expanded task battery in the
Morris water maze reveals effects of Toxoplasma gondii infection
on learning and memory in rats. Parasitol Int. 2015;64(1):5-12. doi:
10.1016/j.parint.2014.09.002. [PubMed: 25220582].

Bottari NB, Baldissera MD, Tonin AA, Rech VC, Nishihira VS, Thome
GR, etal. Sulfamethoxazole-trimethoprim associated with resveratrol
for the treatment of toxoplasmosis in mice: Influence on the activ-
ity of enzymes involved in brain neurotransmission. Microb Pathog.
2015;79:17-23. doi: 10.1016/j.micpath.2015.01.001. [PubMed: 25572158].
Wang T, Gao ]M, Yi SQ, Geng GQ, Gao X], Shen ]L, et al. Toxoplasma
gondii infection in the peritoneal macrophages of rats treated with
glucocorticoids. Parasitol Res. 2014;113(1):351-8. doi: 10.1007/s00436-
013-3661-3. [PubMed: 24248630].

Vyas A, Kim SK, Giacomini N, Boothroyd ]C, Sapolsky RM. Behav-
ioral changes induced by Toxoplasma infection of rodents are
highly specific to aversion of cat odors. Proc Natl Acad Sci U
S A. 2007;104(15):6442-7. doi: 10.1073/pnas.0608310104. [PubMed:
17404235]. [PubMed Central: PMC1851063].

Zareian P, Mirzaii Dizgah I, Saddel M, Khodabandehloo F. Effects of
Toxoplasma gondii infection on anxiety, depression and ghrelin level

Zahedan ] Res Med Sci. 2021; 23(3):€95733.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

in male rats. ] Parasit Dis. 2016;40(3):688-93. doi: 10.1007/s12639-014-
0561-0. [PubMed: 27605768]. [PubMed Central: PMC4996174].

Hay ], Hutchison WM, Aitken PP, Graham DI. The effect of con-
genital and adult-acquired Toxoplasma infections on activity and
responsiveness to novel stimulation in mice. Ann Trop Med Para-
sitol. 1983;77(5):483-95. doi: 10.1080/00034983.1983.11811741. [PubMed:
6660954].

Gonzalez LE, Quinonez B, Rangel A, Pino S, Hernandez L. Tonic and
phasic alteration in amygdala 5-HT, glutamate and GABA transmis-
sion after prefrontal cortex damage in rats. Brain Res. 2004;1005(1-
2):154-63. doi: 10.1016/j.brainres.2004.01.048. [PubMed: 15044074].

Kannan G, Moldovan K, Xiao JC, Yolken RH, Jones-Brando L,
Pletnikov MV. Toxoplasma gondii strain-dependent effects on

mouse behaviour. Folia Parasitol (Praha). 2010;57(2):151-5. doi:
10.14411/fp.2010.019. [PubMed: 20608478].

Groer MW, Yolken RH, Xiao ]JC, Beckstead JW, Fuchs D, Moha-
patra SS, et al. Prenatal depression and anxiety in Toxoplasma
gondii-positive women. Am | Obstet Gynecol. 2011;204(5):433 el-7.
doi: 10.1016/j.aj0g.2011.01.004. [PubMed: 21345406]. [PubMed Central:
PMC3144318].

Sibley LD, Mordue DG, Su C, Robben PM, Howe DK. Genetic ap-
proaches to studying virulence and pathogenesis in Toxoplasma
gondii. Philos Trans R Soc Lond B Biol Sci. 2002;357(1417):81-8.
doi: 10.1098/rstb.2001.1017. [PubMed: 11839185]. [PubMed Central:
PMC1692920].

Pavlov VA, Parrish WR, Rosas-Ballina M, Ochani M, Puerta M, Ochani
K, etal. Brain acetylcholinesterase activity controls systemic cytokine
levels through the cholinergic anti-inflammatory pathway. Brain Be-
hav Immun. 2009;23(1):41-5. doi: 10.1016/j.bbi.2008.06.011. [PubMed:
18639629]. [PubMed Central: PMC4533839].

Piet R, Vargova L, Sykova E, Poulain DA, Oliet SH. Physiological
contribution of the astrocytic environment of neurons to inter-
synaptic crosstalk. Proc Natl Acad Sci USA. 2004;101(7):2151-5. doi:
10.1073/pnas.0308408100. [PubMed: 14766975]. [PubMed Central:
PMC357067].

Mahbodfar HR, Yousefi Razin E, Saki ], Rafiei A, Khademvata S. Study
of latent toxoplasma gondii role in level of testosterone, DHEA, cor-
tisol and prolactin hormones of young persons. Asian | Epidemiol.
2015;8(3):64-71. doi: 10.3923/aje.2015.64.71.

Lindberg RE, Frenkel JK. Cellular immunity to Toxoplasma and
besnoitia in hamsters: Specificity and the effects of cortisol. Infect
Immun. 1977;15(3):855-62. doi: 10.1128/iai.15.3.855-862.1977. [PubMed:
404250). [PubMed Central: PMC421452].

Moroda M, Takamoto M, Iwakura Y, Nakayama J, Aosai F. Interleukin-
17A-deficient mice are highly susceptible to toxoplasma gondii in-
fection due to excessively induced T. gondii HSP70 and interferon
gamma production. Infect Immun. 2017;85(12). doi: 10.1128/IAL.00399-
17. [PubMed: 28893913]. [PubMed Central: PMC5695131].

. Silva-Gutierrez N, Bahsas Zaky R, Bouchard M, Teran Angel G, Amoroso

A, Peterson DL, et al. T-cell profiles elicited by Toxoplasma gondii in
acutely/chronically infected humans. Parasite Immunol. 2018;40(6).
€12532. doi: 10.1111/pim.12532. [PubMed: 29633283].


http://dx.doi.org/10.1016/s0889-1591(02)00014-4
http://www.ncbi.nlm.nih.gov/pubmed/12401474
http://dx.doi.org/10.1007/s00406-004-0481-6
http://www.ncbi.nlm.nih.gov/pubmed/14991372
http://dx.doi.org/10.1242/jeb.073635
http://www.ncbi.nlm.nih.gov/pubmed/23225875
http://dx.doi.org/10.1016/j.physbeh.2014.05.036
http://www.ncbi.nlm.nih.gov/pubmed/24907696
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4821409
http://dx.doi.org/10.1007/s00436-011-2800-y
http://www.ncbi.nlm.nih.gov/pubmed/22223035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3378833
http://dx.doi.org/10.14411/fp.2010.011
http://www.ncbi.nlm.nih.gov/pubmed/20608470
http://dx.doi.org/10.1007/s00436-009-1526-6
http://www.ncbi.nlm.nih.gov/pubmed/19548003
http://dx.doi.org/10.1016/j.cnr.2006.04.002
http://www.ncbi.nlm.nih.gov/pubmed/18079991
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2136407
http://dx.doi.org/10.1016/j.parint.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25220582
http://dx.doi.org/10.1016/j.micpath.2015.01.001
http://www.ncbi.nlm.nih.gov/pubmed/25572158
http://dx.doi.org/10.1007/s00436-013-3661-3
http://dx.doi.org/10.1007/s00436-013-3661-3
http://www.ncbi.nlm.nih.gov/pubmed/24248630
http://dx.doi.org/10.1073/pnas.0608310104
http://www.ncbi.nlm.nih.gov/pubmed/17404235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1851063
http://dx.doi.org/10.1007/s12639-014-0561-0
http://dx.doi.org/10.1007/s12639-014-0561-0
http://www.ncbi.nlm.nih.gov/pubmed/27605768
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4996174
http://dx.doi.org/10.1080/00034983.1983.11811741
http://www.ncbi.nlm.nih.gov/pubmed/6660954
http://dx.doi.org/10.1016/j.brainres.2004.01.048
http://www.ncbi.nlm.nih.gov/pubmed/15044074
http://dx.doi.org/10.14411/fp.2010.019
http://www.ncbi.nlm.nih.gov/pubmed/20608478
http://dx.doi.org/10.1016/j.ajog.2011.01.004
http://www.ncbi.nlm.nih.gov/pubmed/21345406
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3144318
http://dx.doi.org/10.1098/rstb.2001.1017
http://www.ncbi.nlm.nih.gov/pubmed/11839185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1692920
http://dx.doi.org/10.1016/j.bbi.2008.06.011
http://www.ncbi.nlm.nih.gov/pubmed/18639629
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4533839
http://dx.doi.org/10.1073/pnas.0308408100
http://www.ncbi.nlm.nih.gov/pubmed/14766975
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC357067
http://dx.doi.org/10.3923/aje.2015.64.71
http://dx.doi.org/10.1128/iai.15.3.855-862.1977
http://www.ncbi.nlm.nih.gov/pubmed/404250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC421452
http://dx.doi.org/10.1128/IAI.00399-17
http://dx.doi.org/10.1128/IAI.00399-17
http://www.ncbi.nlm.nih.gov/pubmed/28893913
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5695131
http://dx.doi.org/10.1111/pim.12532
http://www.ncbi.nlm.nih.gov/pubmed/29633283

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. T. gondii Strain Culture
	3.2. Experimental Animals
	3.3. T. gondii Infection of Rats and Drug-Treated Animals
	3.4. Test for Anxiety Evaluation
	3.5. Statistical Analysis
	3.6. Ethical Considerations

	4. Results
	4.1. Behavioral Tests
	Figure 1
	Figure 2
	Table 1
	Figure 3

	4.2. Hormonal Assay
	Figure 4

	4.3. Serological Test
	Figure 5


	5. Discussion
	5.1. Conclusion

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

