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Abstract The aim of the present study was to determine
the effects of Toxoplasma gondii (T. gondii) infection on
anxiety, depression and ghrelin level in male rats. Twenty
four male rats were assessed in two equal groups. 7. gondii
tachyzoite (ip) were injected in infected group and control
group received (2 ml) physiological serum (ip). Elevated
plus Maze and swimming tests were used to assess anxiety
and depression in rats respectively. The ghrelin and T.
gondii 1gG serum levels were measured by enzyme
immunoassay kits. The Student’s ¢ test and Pearson cor-
relation coefficient were used. The ghrelin serum level was
significantly lower in the infected rats than control
(P = 0.03). There were no significant differences in the
depression and anxiety behavior between two groups.
However, here were no significant correlations between
ghrelin level and anxiety or depression in rats. It seems that
latent 7. gondii infection decreases the ghrelin serum level
but does not change anxiety and depression like behaviors.
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Introduction

Toxoplasma gondii (T. gondii) is one of the world’s most
common parasites that infects approximately one third of
the world’s population (Halonen and Weiss 2013; Shaddel
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et al. 2007). It is an intracellular obligatory protozoan
which belongs to coccidian order. Toxoplasmosis can be
transmitted to humans by ingestion of cysts in raw or
inadequately cooked infected meat, by ingestion of cat
feces or transplacentally (Shaddel et al. 2014). The parasite
rarely causes significant clinical disease. However, certain
individuals are at high risk for severe or life-threatening
toxoplasmosis. Individuals at risk for toxoplasmosis
include fetuses, newborns, and immunocompromised
patients (Tenter et al. 2000; Okome-Nkoumou et al. 2014).

Recent studies demonstrated that 7. gondii can modify
brain function and intermediate host’s behavior (Hermes
et al. 2008; Vyas et al. 2007; Kannan et al. 2010), and also
increase the chances of serious psychological disturbances
such as schizophrenia and bipolar disorders in human
(Pearce et al. 2012; Mortensen et al. 2007). In addition
there is correlation between T. gondii infection and mood
disorders. Pregnant women with serological evidence of
exposure to 7. gondii showed positive correlations between
IgG levels and depression and anxiety (Groér et al. 2011).
It has been reported a depressed patient with toxoplasma
seropositivity improved only after treatment by anti- tox-
oplasma drugs (Kar and Misra 2004). Furthermore, it has
been shown that 7. gondii IgG antibody titer is higher in
suicide attempter patients than non-suicide attempter
individuals (Arling et al. 2009). Therefore, all above
studies show there is association between 7. gondii infec-
tion and onset of anxiety and depression.

Rises in ghrelin as an appetite-stimulating hormone
occur not only in response to states of energy insufficiency
but also following stress (Kristenssson et al. 2006). It has
been shown that ghrelin has anxiolytic and antidepressant
effects. Calorie-restricted wild-type mice showed robust
anxiolytic and antidepressant-like behavior in the elevated
plus maze and forced swim test (Lutter et al. 2008).
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However, to the best of our knowledge there is no report
about effect of T. gondii infection on the ghrelin serum
level and its association with anxiety and depression
behavior. Therefore, the aim of the present study was to
determine the effects of Toxoplasma gondii infection on
the anxiety, depression and ghrelin levels in male rat.

Method
Animals

Twenty-four adult Wistar rats (290-350 gr) were used. The
animals were maintained under standard condition (tem-
perature 22 + 2 °C, lights on at 6:00-18:00 h) with free
access to food and water. After one week of acclimatiza-
tion, the rats were randomly divided into two groups
(n = 12 for each group): groupl, infected group received
T. gondii tachyzoite. group2, control group received (2 ml)
physiological serum (ip).

All experimental procedures were done in accordance
with AJA University of Medical Sciences Ethic committee.

Toxoplasma gondii culture and infection

T. gondii RH strain was obtained from Parasitology
department of Tarbiat Modares University in Tehran, Iran.
Experimental chronic Toxoplasmosis was initiated by
injection of up to 10 (Vyas et al. 2007) alive Toxoplasma
gondii tachyzoite (ip) in infected group.

Infection determination

After 3 weeks, all rats were evaluated for serology tests.
Briefly, sera were collected and stored at —70 °C. Anti-
bodies serum levels against 7. gondii were evaluated in IgG
classes using ELISA kits (Meddens Diagnostics BV, The
Netherlands) according to the manufacturers’ instructions.

Behavioral assessments

Behavioral assessments were done by a video camera and
an observer unaware of experimental groups. Elevated plus
Maze and swimming test were used respectively to assess
anxiety and depression in rats. In elevated plus maze, the
rats were placed in the central area of the maze facing an
open arm and their behavior recorded during 5-min. After
5 min, rats were removed from the maze and returned to
their home cage. The maze was then cleaned with a solu-
tion of 70 % ethyl alcohol and permitted to dry between
tests.

Behaviors scored included

1. Open arms entries Frequency with which the animal
entered the open arms. All four of the mouse’s paws
were required to be in the arm to be counted as an
entry.

2. Closed arm entries Frequency with which the animal
entered the closed arms. All four of the mouse’s paws
were required to be in the arm to be counted as an
entry.

3. Open arm duration: Length of time the animal spent
in the open arms.

4. Closed arm duration Length of time the animal spent
in the closed arms.

5. Center square entries Frequency with which the
animal entered the central square with all four paws.

6. Central square duration Length of time the animal
spent in the central square.

7. Head dipping Frequency with which the animal
lowered its head over the sides of the open arm
toward the floor.

8.  Rearing Frequency with which the animal stands on hind
legs or leans against walls of the maze with front paws.

9. Grooming Frequency with which the animal spent
licking or scratching itself while Stationary.

10.  Urination Number of puddles or streaks of urine.
11.  Defecation Number of fecal boli produced.

The Index open arms avoidance was determined as
[100 — [% time on open arms + % entries into the open
arms]/2] (Trullas and Skolnick 1993).

In force swimming test rats were placed individually in
a transplant glass cylinder (50 cm height and 30 cm in
diameter) filled with tap water. The temperature of water
was +25 °C. The immobility time (seconds spent floating
without moving) was recorded. At the end of the swimming
period rats were dried with a towel.

Hormonal assay

Trunk blood was collected between the hours of 10:00 and
12:00 a.m. and serum samples were obtained by centrifu-
gation of blood at 3,000x g for 10 min. Serum was frozen
until the day of the analysis. Measurement of ghrelin serum
level was done with a commercial rat ghrelin ELISA kit
(Ck-E90442 HANG2HO04 East Bio Pharm Co.LTD).

Statistical analysis
All values were expressed as Mean £ S.E.M. Statistical

analyses were performed using spss16 software. Student’s
unpaired 7 test was used to analyze hormonal and behavior
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data. Differences were considered significant if P values
were less than 0.05. Associations between ghrelin con-
centration and behavior scores (anxiety and depression
level) were assessed by liner correlation (Pearson).

Result
Hormonal assay

As indicated in Fig. 1, the ghrelin serum level was signifi-
cantly lower in infected rats than healthy rats (P = 0.03).

The elevated plus maze

There were no significant differences between two groups
in exploration levels, the number of open and closed arms
entries, the time spent on closed or open arm, rearing, head
dipping and grooming behaviors. However, defecation and
the time spent on the central platform were significantly
more in healthy rats as compared to infected rats (Table 1).

The forced swimming test [FST]

There was no difference in immobility time between
infected and non infected rats (Fig. 2).

The ghrelin serum level was not correlated with time
spent in open arms (r = 0.27, P = 0.2), open arm avoid-
ance index (r =0.26, P =0.2) and immobility time
(r=0.39, P = 0.09).

Discussion

T. gondii can alter brain function and induce changes in the
behavior of its intermediate hosts (Mortensen et al. 2007;
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Fig. 1 The effect of T. gondii infection on the ghrelin serum level in
rats. [Data are represented as mean + S.E.M] *P = 0.03
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Kar and Misra 2004; Arling et al. 2009). In male Long-
Evans rats, Latent Toxoplasma infection resulted to
reduced the normal aversion to cat odor and converted it
into a mild attraction (Vyas et al. 2007).

Flegr et al. (1996) reported personality profiles such as,
superego strength (the willingness to accept group moral
standards) were significantly different between Toxo-
plasma-infected and uninfected subjects. In a population-
based study, association of Toxoplasma-specific immuno-
globulin G results with mood disorder outcomes in 7,440
respondents was assessed. There were no statistically sig-
nificant associations between 7. gondii seroprevalence and
a history of major depression or severe major depression
(Pearce et al. 2012).

In a case report, patient with depression and positive
serological test for the toxoplasma showed poor response to
antidepressants. The response to antidepressant treatment
improved only after adequate treatment for toxoplasma
(Kar and Misra 2004).

Patients with recurrent mood disorders with history of
suicide attempt had higher T. gondii antibody titers than
patients with recurrent mood disorders without history of
suicide attempt (Arling et al. 2009). In a case—control
study, the association between latent toxoplasmosis and
cognitive performance with a battery of standardized,
widely employed neuropsychological tests were assessed.
There were no statistically significant association between
latent toxoplasmosis and cognitive performance (Guenter
et al. 2012).

In present study, possible effects of 7. gondii infection
on the anxiety, depression and ghrelin level in rats were
evaluated.

Anxiety is the body’s normal response to stressful sit-
uations. Anxiety involves a wide range of physical and
psychological symptoms (Huffman et al. 2010).

In the elevated plus maze, the behaviors that exemplify
exploration include open arm activity and head dipping
(Brown et al. 1999) and the behaviors that exemplify fear
include time spent in the closed arms, stretch attend pos-
tures, grooming, defecation and urination (Lister 1990).
Cole and Rodgers (1994) reported, decreased open arm
activities and increased risk assessment behaviors [stretch
attend postures, head dips and closed arm returns] without
concomitant changes in general locomotion and explora-
tion indicate increased anxiety in the Elevated Plus-Maze.
The index of open arm avoidance also gives a measure of
anxiety (Trullas and Skolnick 1993).

Our result about elevated plus maze showed that the
behaviors that exemplify exploration include open arm
activity and head dipping, and behaviors that exemplify
fear include time spent in the closed arms, grooming and
urination were not significantly differ between two groups.
In addition, there was not significantly difference between
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Table 1 Behavior of rats in the

elevated plus maze; data Behavior Control Infected P value
expressed as Mean + S.E.M Number of open arm entries 0.58 + 0.28 0.5+ 023 0.8
Time spent in open arms|[s] 5727 7+35 0.7
open arm avoidance index 989 £ 0.5 98.7 £ 0.6 0.8
Number of closed arm entries 3.1+ 14 1.2 £0.13 0.1
Time spent in closed arms[s] 281.6 =5 2909 + 3.5 0.1
Number of center entries 34+ 1.7 0.9 + 0.25 0.1
Time spent in center[s] 124 + 3.1 23 +0.8 0.009
Number of head dips 3+0.8 1.1 £05 0.06
Number of rears 9.5+ 0.7 85+ 1.1 0.4
Number of grooming 35+0.7 34 +£05 0.9
Duration of grooming|s] 319+53 477 £ 115 0.2
Urination 25 +0.3 32+04 0.1
Defecation 234+05 0.3 + 0.1 0.005
60 7 be related in used parasite strain (Kannan et al. 2010) rat
1 strain (Gonzalez et al. 2007) and host variations (Groér
1 [ O control et al. 2011, 2012).
§ i Infected Kannan et al. (2010) compared the effects of infection
S | RIEBUENSSE by two Type II strains of 7. gondii, Prugniaud (PRU) and
;3, | ME49, on mouse behavior. PRU infected mice showed
g | increased locomotor activity in the open field, In contrast;
= only ME49-infected mice exhibited decreased spontaneous
;E' 1 E alternations in the Y-maze, indicative of impaired spatial
9 | working memory. Infection with 100 and 1,000 tachyzoites
E il increased plus-maze open arm exploration in a dose-related
- 1 manner in Wistar Rats (Gonzalez et al. 2007).
1 In another study, pregnant women with serological
0 evidence of exposure to 7. gondii showed positive corre-

Fig. 2 The effect of T. gondii infection in Forced Swimming Test
and on immobility time in rats. [Data are represented as
mean £+ S.E.M]

the indexes of open arm avoidance between two groups.
Therefore it seems there is no significant difference in
anxiety level between infected and healthy rats. In this
regard the results of this study are in consistent with a
previous study. Gulinello et al. (2010) reported normal
cognitive function, anxiety level, social behavior and the
motivation to explore novel objects in mice after infection
with T gondii.

In the force swimming test there was no difference in
immobility time between infected and uninfected rats. In
this test, the time spent immobile is considered an index of
depression-like behavior in rodents.

Although we did not find significant difference in anx-
iety and depression behavior between infected and healthy
rats, some previous studies have demonstrated 7. gondii
infection influences the host behavior. This difference may

lations between IgG levels and the depression scale scores
and anxiety subscales (Groér et al. 2011).

Ghrelin is a growth-hormone-releasing peptide, first
isolated from the rat stomach. This hormone increases the
appetite, decreases metabolism and therefore participates
in long term food intake (Kojima et al. 1999).

A number of previous studies showed that ghrelin has
anxiogenic-like actions. In one of these studies, i.c.v.
administration of ghrelin or its direct microinjection into
the hippocampus, amygdale, or dorsal raphe nucleus
induced anxiety-like behaviors in certain rat strains in the
elevated plus maze, open field test and step-down/inhibi-
tory avoidance test (Carlini et al. 2002, 2004). Also, both
intra-third cerebroventricular and intraperitoneal adminis-
tration of ghrelin to mice decreased duration of time in and
number of entries into the open arms of an elevated plus
maze when assessed ten minutes after injection (Mortensen
et al. 2007).Finally, a recent study demonstrated that
intracerebroventricularly administration of ghrelin to neo-
natal chicks in a dose-dependent manner increased the
latency to ambulate but decreased ambulation activity in
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the Open Field test, indicating an anxiogenic effect
(Carvajal et al. 2009).

These findings of anxiogenic-like effects of raised
ghrelin level differ from the results of several other studies.
Calorie-restricted wild-type mice showed anxiolytic- and
antidepressant-like behavior in the elevated plus maze and
forced swim test, respectively, as compared to wild-type
mice (Lutter et al. 2008). Also, high-anxiety WKY rats had
lower circulating ghrelin than SPD rats in both the fasted
and fed state (Kristensson et al. 2007). Masayuki Kanehisa
reported that in forced swimming tests, rats that received
antisense DNA for ghrelin, immobilization time decreased.
Also, Ghrelin antisense oligonucleotides produced an
anxiolytic-like effects in the elevated plus maze test, black
and white test, or conditioned fear tests (Kanehisa et al.
2006).

In present study, 7. gondii infection resulted to decrease
in ghrelin serum level. Similar to our study, Erensoy et al.
(2010) reported serum concentrations of acylated and
desacylated ghrelin were markedly decreased in subjects
with intestinal parasitic infections. As the level of IL-5, IL-
6 and IL-10 were high in 7. gondii infected patients
(Matowicka-Karna et al. 2009) and TNF-a and IL-6 sup-
presses the ghrelin expression in a dose-dependant manner
(Lao et al. 2013). It seems that decrease in ghrelin level in
our study might be related to increase in interleukin con-
centrations. We did not investigate serum level of inter-
leukins in this study, thus, future studies should verify the
relation between ghrelin and cytokines in 7. gondii infec-
tion. However, as ghrelin is an appetite-stimulating hor-
mone and ghrelin is decreased following 7. gondii
infection, it is possible 7. gondii infection result to appétit
supression. This issue also requires further evaluation.

Conclusion

It seems that latent 7. gondii infection decreases the ghrelin
serum level but does not change anxiety and depression
like behaviors.
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