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Abstract
Background: Toxoplasmosis is a zoonotic disease caused by the obligate

intracellular parasite, Toxoplasma gondii. This global infectious disease has been
associated with behavioral changes in rodents and can result in humans' neuropsychiatric symptoms. Since the neurotransmitters alteration can cause a
Keywords:
behavioral change, in this study, tyrosine level, as a precursor of dopamine,
Toxoplasma gondii;
was evaluated in acute murine toxoplasmosis during 2015 and 2016 in Shiraz,
Tyrosine;
Iran.
Mice;
Methods: At the first, 105 tachyzoites of T. gondii were subcutaneously inocHigh-performance liquid
ulated to 50 BALB/c mice as experimental groups and 10 mice inoculated by
chromatography
PBS considered as the control group. After that, daily, one group of mice was
bled, and sera were collected. Then, their serum tyrosine level was evaluated
*Correspondence Email:
by HPLC method.
mostafa_omidianm@yahoo.com Results: After data analysis, the maximum mean serum tyrosine level was
seen at 2th day of post parasite inoculation (0.0194 mg/ ml), with a significant
difference compared to the control group (0.0117 mg/ ml, P=0.025). Moreover, the least quantity of serum tyrosine (0.076 mg/ml) was seen on the 5th
day, after parasite inoculation, however, no significant difference was seen.
Conclusion: Serum tyrosine level increased in 2 d after inoculation of Toxoplasma, but the level regularly decreased in successive days. Tyrosine level increased by phenylalanine hydroxylase 2 days after inoculation, then tyrosine
decreased by tyrosine hydroxylase in the next days. Toxoplasma tyrosine hydroxylase enzymes, at primary days of toxoplasmosis, effect on tyrosine production, and after that, the most effect on tyrosine consumption.
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Introduction

T

oxoplasma gondii is an obligate intracellular parasite of phylum Apicomplexa. The variety of warm-blooded
animals as intermediate hosts and felines as definitive hosts are known (1). The
disease has two forms. The congenital condition leads to abortion, chorioretinitis, hydrocephaly, microcephaly, jaundice, and cutaneous rashes (1, 2) The acquisitive form resulted
in fever, lymphadenopathy, headache, and fatigue in immunocompetent individuals and
encephalitis in HIV patients (1, 3). Due to the
parasite's cyst's placement in the brain, this
organ has great potential in psychiatric complications from the disease (4). Relevance between toxoplasmosis and such disorders, including hyperactivity, obsessive-compulsive,
and schizophrenia, has been shown (5, 6).
Toxoplasmosis in people with mental disorders is more common than in healthy people.
Therefore, T. gondii can be introduced as an
etiological agent in mental disorders (7).
Moreover, psychological complications, including personality disorder, bipolar disorder,
obsessive-compulsive disorder, migraine, and
autism, have related to chronic toxoplasmosis
(4, 8). This parasite has a trigger agent on the
process of Parkinson's and Alzheimer's disease (9, 10).
The role of T. gondii in the synthesis of dopamine and other neurotransmitters has been
verified (11). Homologous tyrosine hydroxylase and dopamine receptors have been
found in the parasite's protein-coding genes
(11, 12). Tyrosine hydroxylase is an enzyme
that catalyzes the conversion of tyrosine to Ldopamine. Finally, the dopamine decarboxylase enzyme changed L-dopamine to dopamine, the parasite's final product (13).
In chronic toxoplasmosis, the produced dopamine can have a dual role in different neurological disorders. In the association between
Toxoplasma infection and schizophrenia, the extra
produced dopamine due to the parasite's me-
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tabolism can negatively affect individuals.
Moreover, most antipsychotic drugs decrease
the dopamine level or inhibit dopamine receptors (4, 14). On the other hand, in patients
with Parkinson's disease, tyrosine hydroxylase
induced by Toxoplasma increases dopamine
production, causes Parkinson’s symptoms to
be milder (15).
Many studies conducted to determine the
role of T. gondii in brain disorders found the
variation of brain neurotransmitters, such as
dopamine. Tyrosine is the essential amino-acid
for the synthesis of dopamine. So, the present
study was performed to assess the tyrosine
levels in consecutive days post-infection.

Materials and Methods
The present study evaluated the serum tyrosine levels in acute murine toxoplasmosis during 2015 and 2016 in Shiraz, Iran.

Ethics approval

This study was performed in strict accordance with the recommendations in the Guide
for the Care and Use of Laboratory Animals
(16). The research project was approved by
the Ethics Committee of Animal Experiments
of the Shiraz University of Medical Sciences
(permit number 11598), Shiraz, Iran.

Parasite's preparation

RH strain of T. gondii was injected intraperitoneally into BALB/c mice. After 72 h, mice
were killed with considering ethical standards,
and then parasites were collected from peritoneum by flushing of Phosphate Buffered Saline (PBS). Parasites were mechanically isolated from the host cells via passing aspirated
fluid from high gauge needles. Then for 10
min in 200 g were centrifuged to separate cellular debris. The upper part was separated and
was centrifuged for 10 min with 800 g. The
sediment was washed three times with PBS at
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a pH of 7.2, and finally, the pure tachyzoites
form was isolated (17).

Animals

Sixty BALB/c mice, aged 6 wk, and weight
18-24 gr were prepared from Pasteur Institute
in Tehran. All animals were kept in standard
conditions, including temperature 22±2 ºC
and humidity (40%-60%), 12-h darknesslighting cycle, optimum ventilation, and sufficient food and water access. Sixty mice were
divided into six groups (10 mice per group).
At first, 105 tachyzoites (in 200 µl PBS) were
injected subcutaneously (17, 18) into experimental groups. Considered the last group as
the control group, injected PBS (without parasite). Sampling was carried out from 5 differences groups due to 5 consecutive days.
About 24 h after injection, daily, one group of
10 mice anesthetized with chloroform, and
then bled was performed from their heart.
Two hundred µl of serum were separated and
kept in -70º centigrade until use. Sampling
from the control group was carried out on the
third day after injection.

HPLC
Chromatography conditions

HPLC assay was performed to determine serum Tyrosine level (Waters, USA). The samples were chromatographed on a reversedphase column (Spherisorb C1; Waters) with a
C18 column in isocratic mode. The mobile
phase consisted of 5% acetonitrile in water
with a flow rate of 1ml/min. The absorbance
of the diluted sera at 225 nm was monitored
in a UV detector (model LC 95; Perkin-Elmer,
U¨ berlin, Germany).

Standard curve preparation

To assessment of tyrosine in the samples,
High-performance liquid chromatography
(HPLC) device was set up for standard solutions with two-fold dilutions of L-Tyrosine (1,
0.5, 0.25, 0.125, 0.0625, 0.3125 mg/ml). For
this purpose, 0.01 g of tyrosine (L-Tyrosine,
Sigma-Aldrich-T3754) was poured in 1ml perchloric acid 5% and mixed enough to reach
the uniform solution. The sample volume was
increased to 10 ml by perchloric acid and
passed through a syringe tip filter (0.22 µm).
Then mentioned above concentrations were
prepared with the solvent. At this point, each
of the dilutions was injected three times into
the HPLC device, and standard curves were
drawn using software (SQS 98; Perkin-Elmer)
by different concentrations (Fig. 1).

Fig. 1: Tyrosine standard curve obtained of HPLC
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Samples preparation

The frozen sera melt at room temperature,
and then 50 µl of each serum was mixed with
an equal amount of 5% perchloric acid and
filtered. This stage was done for all 60 samples. Then 50 µl of the serum dilutions were

inject-ed into the devices via a specific needle.
After that, in 6 min and wavelength 225 nm,
the curves of each sample were obtained. The
peaks of tyrosine were identified by comparison with the retention times of standard compounds
(Sigma)
(Fig.
2).

Fig. 2: Retention time of the standard sample of tyrosine using HPLC.
(Concentration: 0.5 mg/ ml), (Flow: 1ml/minute), (Absorbance = 224Aº)

Statistical analysis

Statistical data were evaluated by ANOVA
and Post Hoc test in software SPSS version 20
(Chicago, IL, USA). P-value≤ 0.05 was considered as statistical differences.

Results

Calculating the concentration of tyrosine
in serum samples based on the standard
curve

After preparation of standard tyrosine solutions in different concentrations, they were
injected into the device. The related curve was
drawn based on the area under the curve, and
the Standard equation was calculated.
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The tyrosine level in each unknown sample
was calculated; based on the area under the
curve and obtained slope from the standard
curve equation. The average serum levels of
tyrosine on the second day after parasite injection show the highest level compared with
other days, and based on statistical; it was significant (Fig. 3). Comparing the mean serum
levels of tyrosine on the second day after the
inoculation of parasites with the control group
level shows a statistically significant difference
(Table 1). (P=0.025).
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Table 1: levels of serum tyrosine in consecutive days in mice inoculated toxoplasma tachzoites

Days after
tachyzoites
injection
Group: 1
Group: 2
Group: 3
Group: 4
Group: 5
Control
Group:

Number
of mice

Minimum
level

Maximum
level

Mean
level

Standard
deviation

10
8
9
10
10
10

0.0057
0.008
0.0025
0.0041
0.0057
0.0063

0.0169
0.0388
0.0189
0.0144
0.0123
0.0164

0.0121
0.0194
0.0103
0.0101
0.076
0.0117

0.00331
0.01119
0.00511
0.00350
0.00199
0.00297

Fig. 3: The average of serum tyrosine levels in mice according to the days after parasite inoculation

Discussion
Changes in the level of brain neurotransmitters like dopamine can be the reason to justify
behavioral disorders. To understand the behavioral disorders in toxoplasmosis patients,
stressed out many studies on the potential role
of Toxoplasma infection because of its neurotransmitters level conversion (13, 19). Chronic
toxoplasmosis can lead to impaired learning,
572

memory functions, and Alzheimer-like symptoms among infected BALB/c mice (20). The
studies have shown an association between
Toxoplasma and elevated dopamine levels (4).
According to dopamine level analysis and its
role in behavioral changes induction, several
studies have been performed over laboratory
animals and human (21-25). However, tyrosine levels as a main precursor of dopamine
during toxoplasmosis need to be more inves-
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tigated. In this study, we have evaluated the
serum tyrosine level, as the precursor of dopamine, in acute murine toxoplasmosis. In our
study, the highest level of serum tyrosine was
shown on the second day after injection.
Moreover, tyrosine assessment levels in the
consecutive days after injection of parasites
show a decrease in tyrosine levels. This finding indicated a functional enzyme in the T.
gondii parasite, which can decrease the tyrosine
level in their host. There were two encoding
tyrosine hydroxylase genes (AaaH1 and
AaaH2) in the T. gondii genome. This enzyme
has an important role in producing dopamine’s
precursor
molecule
Ldihydroxyphenylalanine (L-DOPA) from Ltyrosine (26). The TgAaaH1 enzyme tyrosine
hydroxylase gene is active in tachyzoite form,
whereas the TgAaaH2 gene is activated during
bradyzoite conversion (13). In the current
study, tyrosine levels on the second day after
parasite inoculation was increased. Then, tyrosine hydroxylase affects tyrosine and convert
it to dopamine. However, the role of tyrosine
hydroxylase and behavioral change during
toxoplasmosis remains controversial. Behavioral changes in infected-mice with the knockout AaaH2 gene strains compared to the wild
strain of Toxoplasma parasites have been similar in both groups' chronic toxoplasmosis
phase. (27). Some studies point out another
mechanism for altering dopamine levels in
infected mice. For example, cytokines can
convert neuromodulator's levels, such as dopamine. The brain cells, such as microglia and
astrocytes, generate the cytokines that cause
parasite encystment in the brain (28, 29). Although the Follicular helper T cells (TFH) are
highly required for efficacy in the immunological synapse use dopamine (30). Considering
the above data and the role of dopamine in
the inflammatory response, it is possible that
the increase of tyrosine production on the
second day of infection and then its decrease
in the next days could be reactive by the immune system against the presence of parasites.
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The elevated level of dopamine due to infection with the Toxoplasma parasite could affect
some diseases, including schizophrenia, Alzheimer’s, and Parkinson's (10, 19). The existence of a 2-tyrosine hydroxylase enzyme in
the Toxoplasma parasite previously had been
shown (13, 19). This enzyme could effectively
convert phenylalanine to tyrosine in infected
patients. It is also necessary to catalyze the
dopamine from tyrosine and tyrosine from
phenylalanine (13). Accordingly, elevated tyrosine levels on the second day after parasite
injection may be due to the presence of phenylalanine hydroxylase. During a stressful period, increases in sympathoadrenal system response lead to tyrosine hydroxylase enzyme
activity. This situation causes the synthesis of
additional catecholamine by affecting tyrosine,
coping with a stressful situation (31). In the
current study, tyrosine hydroxylase decreases
the total tyrosine levels in the days postinfection. It is considered one of the stressful
situations. Dopamine has been shown as an
essential elevated neurotransmitter in toxoplasmosis patients, especially in the chronic
stage. Acute toxoplasmosis did not increase
the dopamine levels, but chronic disease could
increase dopamine levels up to 14% more
than the control group in animal models (32).
Moreover, it has been shown to increase dopamine and serotonin in mice's brains in the
third week post-infection, but these changes
returned to normal in the sixth week (33). In
our study, due to using lethal strain RH, the
possibility of mice survival over a week was
not possible, so the tyrosine level survey was
done in acute toxoplasmosis.

Conclusion
Toxoplasma tyrosine hydroxylase enzymes, at
primary days of toxoplasmosis, affect tyrosine
production. After that, the most effect on tyrosine consumption leads to dopamine synthesis.
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