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Abstract

Introduction: Toxoplasmosis is caused by a protozoan named Toxoplasma gondiii. This protozoan is a parasite of cats that can
spread among other animals and birds around the world and cause a disease that varies from mild to severe. The disease is seen
in the forms of acquired toxoplasmosis and congenital toxoplasmosis. Many studies have shown that there is a relationship
between reproductive function and toxoplasmosis. T. gondii has led to decreased reproductive performance of males and females
in many experimental animals. The aim of this study was to investigate the protective effect of hydroalcoholic extract of Solanum
surattense on the brain tissue damage and brain oxidative stress induced by T. gondiii in adult rats.

Methods: For this purpose, 32 adult female rats were randomly divided into 4 groups. In group 1, 8 healthy rats received IP
saline for 3 weeks. In group 2, 8 rats with T. gondii received IP saline for 3 weeks. In group 3, 8 rats with T. gondii received the
hydroalcoholic extract of S. surattense for 3 weeks. In group 4, 8 healthy rats received the hydroalcoholic extract of S. surattense
for 3 weeks. Then, brain tissue resection was performed to evaluate histological damage and levels of antioxidant enzymes.
Results: Histological and biochemical studies showed that 7. gondii had a deleterious effect on the brain tissue of rats and
increased the level of tumor necrosis factor-o. (TNF-a) and interferon-y (IFN-y). The administration of hydroalcoholic extract of S.
surattense improved these effects due to its high antioxidant properties.

Conclusion: The administration of the appropriate dose of hydroalcoholic extract of S. surattense for three consecutive weeks had

a protective effect on brain tissue exposed to T. gondii.
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Introduction

Toxoplasmosis is caused by a protozoan named
Toxoplasma gondii. This protozoan is a parasite of cats
that can spread among other animals and birds around
the world and cause a disease that varies from mild to
severe (1,2). The disease is seen in the forms of acquired
toxoplasmosis and congenital toxoplasmosis. Many
studies have shown that there is a relationship between
reproductive function and toxoplasmosis. T. gondii has
led to decreased reproductive performance of males
and females in many experimental animals (3,4). Many
studies have shown that toxoplasmosis causes damage
to brain tissue. T. gondii reduces brain function in
humans and in many laboratory animals. Toxoplasmosis
reduces the secretion of the hypothalamus, pituitary,
and gonads. In fact, behavioral studies have gathered a
great deal of evidence that latent toxoplasmosis causes
motor dysfunction, learning and spatial memory deficits,
anxiety, sensory disturbances, and changes in moral

behavior (5,6). Chronic infection may lead to the loss of
gray matter cells in the brain. Parasites within neurons
can directly cause the death of infected neurons or their
atrophy, and inflammation may contribute to the death of
neurons by producing nitric oxide and other toxic oxygen
products (7). Today, natural products are widely used in
the treatment of infections as well as brain and memory
problems and disorders. Plant-based biomaterials have
formed a branch of modern pharmacotherapy of diseases
and have always been discussed as worthy alternatives
to synthetic drugs due to their ease of access, reduced
side effects, and reasonable prices, and have been of
particular interest to researchers in recent decades (8-10).
Solanum surattense is a plant belonging to the Solanaceae
family, which is widely found in the southeastern region
of Iran, especially in Sistan and Baluchestan province,
and is known locally as Baluchi Tajrizi. Additionally, its
antioxidant properties have been proposed. Studies have
shown that oxidants activate caspases by producing free
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radicals. Caspases are activators of programmed cell
death. Following the understanding of the mechanism of
the effect of pathogens on vital tissues through oxidation
and release of free radicals, an increasing and accelerated
desire to recognize antioxidants has been felt and the
bioactive substances in plant extracts have received much
attention. Because they come from natural sources, they
are naturally safe (11,12). Due to the fact that studies have
shown that the plant family Solanaceae has antioxidant
properties and contains compounds such as lacton estriol,
flavonoids, alkaloids, glycosides, and other antioxidant
compounds and also considering that the non-toxicity of
this plant in terms of blood and biochemical findings has
been proven in previous studies, this study was done to
investigate its effects as a safe substance.

Materials and Methods

For this purpose, 32 adult female rats were randomly
divided into 4 groups. In group 1, 8 healthy rats received
IP saline for 3 weeks. In group 2, 8 rats with T. gondii
received IP saline for 3 weeks. In group 3, 8 rats with
T. gondii received the hydroalcoholic extract of S.
surattense for 3 weeks. In group 4, 8 healthy rats received
the hydroalcoholic extract of S. surattense for 3 weeks.
Then, brain tissue resection was performed to evaluate
histological damage and levels of antioxidant enzymes.

Results

Serum Level of Antioxidant Enzymes

1. Serum Level of Malondialdehyde

Statisticalanalysisshowed thatthelevel of malondialdehyde
(MDA) in the brain tissue of the T. gondii group was
significantly higher compared to the control group
(P=0.000). Additionally, the level of MDA in the T. gondii
group treated with 200 mg/kg of hydroalcoholic extract
of S. surattense significantly reduced compared to the
T. gondii group which received saline (P=0.000). MDA
levels were lower in the healthy group which received 200
mg/kg of hydroalcoholic extract of S. surattense compared
to the control group but the difference was not statistically
significant (P>0.05) (Figure 1).

2. Serum Levels of Superoxide Dismutase

Statistical analysis showed that the level of superoxide
dismutase (SOD) in the brain tissue of the T. gondii group
was significantly lower compared to the control group
(P=0.000). Moreover, the level of SOD in the T. gondii
group treated with 200 mg/kg of hydroalcoholic extract
of S. surattense significantly increased compared to the T.
gondii group which received saline (P=0.001). SOD levels
were higher in the healthy group that received 200 mg/
kg of hydroalcoholic extract of S. surattense compared to
the control group but the difference was not statistically
significant (P>0.05) (Figure 2).
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Figure 1. Level of Malondialdehyde in Brain Tissue. Symbol
(*): Indicates that groups with * are significantly different from
groups of T. gondii. Group 1: Control group in which 8 healthy
rats received IP saline for 3 weeks. Group 2: Toxoplasma group
in which 8 rats received IP saline for 3 weeks. Group 3: TS200
group in which 8 rats with T. gondii received the hydroalcoholic
extract of S. Surattense for 3 weeks. Group 4: S200 group in which
8 healthy rats received the hydroalcoholic extract of S. Surattense
for 3 weeks.
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Figure 2. Superoxide Dismutase (SOD) Levels. Symbol (*): Indicates
that groups with * are significantly different from groups of T.
gondii. Group 1: Control group in which 8 healthy rats received IP
saline for 3 weeks. Group 2: Toxoplasma group in which 8 rats with
T. gondii received IP saline for 3 weeks. Group 3: TS200 group in
which 8 rats with T. gondiii received the hydroalcoholic extract of
S. surattense for 3 weeks. Group 4: S200 group in which 8 healthy
rats received the hydroalcoholic extract of S. surattense for 3 weeks.

3. Serum Levels of Glutathione Peroxide

Statistical analysis showed that glutathione peroxide
(GPX) level in the brain tissue of T. gondii group was
significantly lower compared to the control group
(P=0.000). Moreover, the level of GPX in the T. gondii
group treated with 200 mg/kg of hydroalcoholic extract
of S. surattense was significantly higher compared to T.
gondii group which received saline (P=0.001). GPX level
increased in the healthy group which received 200 mg/
kg of hydroalcoholic extract of S. surattense compared to
the control group but the difference was not statistically
significant (P>0.05) (Figure 3).

Brain Tissue Histology Results in Study Groups

In histological studies, degenerative brain lesions and
bleeding were observed in the tissue of the rats with T.
gondii. The cross-section of the brain tissue in the group
which received hydroalcoholic extract of S. surattense
showed less damage and bleeding compared to the T. gondii
group which received saline. In histological examinations,
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in the control group, brain tissue was reported to be
completely normal and without any damage, and also in
the healthy group which received the extract, the brain
tissue was reported to be completely healthy (Figure 4).

Discussion

Toxoplasma gondii is an obligate intracellular protozoa
belonging to the phylum of Apicomplexa. Infection
with this parasite has spread worldwide, ranging from
mild to severe, in humans and various types of animals.
This parasite is found in the gut of cats and felines but
has the ability to infect many warm-blooded animals,
including mammals and birds, which are considered to
be the intermediate hosts of this protozoan (13,14). The
disease caused by this parasite is called “toxoplasmosis”
which is seen in humans in both congenital and acquired
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Figure 3. Serum Levels of Glutathione Peroxide. Symbol (*):
Indicates that groups with * are significantly different from
groups of T. gondii. Group 1: Control group in which 8 healthy
rats received IP saline for 3 weeks. Group 2: Toxoplasma group
in which 8 rats with Toxoplasma gondlii received IP saline for

3 weeks. Group 3: TS200 group in which 8 rats with T. gondii
received the hydroalcoholic extract of the S. surattense for 3
weeks. Group 4: S200 group in which 8 healthy rats received the
hydroalcoholic extract of S. surattense for 3 weeks.

Figure 4. Brain Histology Image of the Study Groups (Hematoxylin
and Eosin Staining). A. The microscopic image of brain tissue
belonging to the control group. B. The microscopic image of brain
tissue belonging to the healthy group that received the extract. C.
The microscopic image of brain tissue belonging to the Toxoplasma
group that received saline. D. The microscopic image of brain
tissue belonging to the Toxoplasma group that received the extract.

forms. In adults, it is usually asymptomatic and rarely
causes severe disease. In histological studies, degenerative
brain lesions and bleeding were observed in the tissue
of the rats with T. gondii (15,16). The cross-section of
brain tissue in the group that received the hydroalcoholic
extract of S. surattense showed less damage compared to
the Toxoplasma group and the amount of bleeding was
observed to be less. Due to the fact that Toxoplasma
infection causes oxidative stress, it can cause damage to
brain tissue (17-19).

Numerous studies have been performed in this field,
which show that T. gondii infection causes oxidative stress
and as a result, the activity of antioxidants such as SOD
and GPX decreases and MDA production increases due
to lipid peroxidation (20,21).

The present study showed that the administration of S.
surattense extract by preventing the induction of oxidative
stress and increasing the activity of antioxidants causes a
balance in the production and activity of antioxidants
against the production of reactive oxygen species. As a
result, it prevents the decrease of SOD and GPX levels and
the increase of MDA, thereby preventing damage to the
brain tissue by inhibiting oxidative stress. Furthermore,
the administration of this extract regulated the serum
level of reactive oxygen species and the reason could be
its antioxidant effect.

Conclusion

The administration of the appropriate dose of
hydroalcoholic extract of S. surattense had a protective
effect on histological damage and oxidative stress due to
T. gondii infection in rat brain tissue and it also regulated
the level of oxidative stress markers and improved brain
activity in these rats. Finally, it is suggested that further
studies be done in this field and in other studies and the
expression level of other genes such as interleukins should
be measured.
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