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Abstract
Toxoplasma gondii (known as T. gondii) is an agent that causes
toxoplasmosis- an infection caused disease. One third of the
human population is infected by Toxoplasma gondii. This
study has been conducted, in the Gynecology and Obstetrics
department in Al-Ramadi Teaching Hospital from November
2019 to February 2020, to analyse the effects of
toxoplasmosis, in pregnant women, on some enzymatic
(Superoxide dismutase (SOD), Glutathione Peroxidase (GPx)
and Catalase (CAT)), non-enzymatic (vitamin C, vitamin E,
Glutathione (GSH), and Albumin) antioxidants and Oxidative
stress index (Malondialdehyde (MDA)). Forty-four blood
samples were collected from infected women whose age
ranges were 20-45 years. Also, 22 blood samples from non-
infected pregnant women as a control group were used. The
results showed a significant decrease in the concentration of
SOD, G-Px, CAT, vitamin C, vitamin E, GSH, and Albumin
compared with control groups. However, a significant increase
in the concentration of Oxidative stress index MDA in
comparison with the control group. This study concluded that
infection with Toxoplasma plays a role in oxidative stress
induction and reduced the antioxidant – defends systems.
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1. Introduction
Toxoplasmosis is one of the common parasitic infections in
tropical and subtropical climates. Its causative agent is
Toxoplasma gondii (T. gondii). Toxoplasma gondii is a
prevalent parasite, which may infect nearly every animal of
warm blood and invade all nucleated cells. This has enabled
this obligate intracellular parasite to infect warm-blooded
animal all around the world in terrestrial and marine biomes
populations [1].
Human beings are infected after birth by eating or drinking
something polluted with oocysts, consuming tissue cysts of
undercooked meat, or by unintentionally consuming the
oocysts of the environment [2]. Toxoplasmosis causes a
range of clinical symptoms in humans, although most people
do not show any signs. The infection may be very hazardous
and fatal in some people including fetuses, newborn babies,
pregnant women and people with immunodeficiency [3].
The parasite can pass from the placenta to the fetus, causing
congenital toxoplasmosis once the woman is infected in the
course of pregnancy. T.gondii can also affect the central
nervous system with disease and ocular which results in
vision abnormalities and the failure of growth and hearing
[4]. Unfortunately, no vaccine can stop the infection by this
parasite. However, there are only a few numbers of
effective and active medicines to cure severe T.gondii, and
none is capable of removing the tissue cysts [5,6]. In
addition, an imbalance between oxidative agents and
antioxidant can lead to serious complications in pregnant
women such as abortion, because pregnancy is

characterized by low defense against prooxidizing agents [7].
The body of human owns a complicated antioxidant defense
system containing the antioxidant enzymes, superoxide
dismutase (SOD), glutathione peroxidase (GPx) and catalase
(CAT). This system hinders the commencement of free
radical chain reactions and both SOD and CAT are both
necessary for intracellular survival of T. gondii. Therefore,
antioxidant enzymes represent potential candidates for the
prevention of toxoplasmosis [8,9]. The main objective of
this study was to estimate some antioxidants levels like
enzymatic antioxidants: Superoxide dismutase (SOD),
Glutathione Peroxidase (GPx) and Catalase (CAT), and non-
enzymatic antioxidants: vitamin (C, E), Glutathione (GSH),
Albumin and Oxidative stress index MDA, in serum of
positive toxoplasmosis pregnant women. The results of the
infected women were compared with the results of the
control groups (uninfected pregnant women) to better
understand toxoplasmosis pathogenesis.

2. Materials and methods
Forty-four blood samples were collected from seropositive-
Toxoplasmosis women and from (22) seronegative
Toxoplasmosis women. The age range was 20-45 years old
and the women had been referred to Gynecology and
Obstetrics Teaching Hospital in Ramadi, Anbar from
November 2019 until February 2020. None of the
participants of this study took a medication or
supplementation upon entering the study. Serum was
separated immediately and stored at – 20ºC until
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biochemical analysis. Enzyme linked immunosorbent assay
(ELISA) test was performed on all of the samples using
immunoglobulin G (IgG) Kit (Human, German) and the final
results were recorded by ELISA reader (optical absorbance,
OD = 450).

2.1. Laboratory tests
This study has conducted all the eight following laboratory
tests:
1-SOD activity: The study determined this activity in

erythrocyte hemolysates in accordance to Sun et.al’s
method [10]. In this method, the rate of nitroblue
tetrazolium (NBT) reduction is provided to blue formazan
by the superoxide anion which the xanthine oxidase (XOD)
reaction generates. This reaction is
spectrophotometrically monitored at 560 nm. One unit of
SOD was regarded a 50% reduction of NBT inhibition
under the assay conditions. The results were in U/g Hb.

2-Glutathione peroxidase activity: In this study, this activity
in the serum was measured colorimetrically adopting
Nelson and Kulkarni’s method [11].

3-Catalase activity: The catalase activity was
spectrophotometrically calculated at 240 nm. This is by
measuring the degradation of H2O2 rate as the enzyme
substrate by the use of the Aebi method [12].

4-Vitamin C: Ascorbic acid in the protein-free supernatant is
oxidized by (Cu+2) ions to dehydroascorbic acid and
diketoguloconic acid. These ketones react with 2, 4–DNPH
in H2SO4 to form a red-orange phenyl hydrazone product,
which absorbs at λ max 520 nm [13].

5-Vitamin E: Determination of vitamin E is based on
oxidation and reduction reactions. This is by using the
method of Emmerie – Engle Reaction that includes
oxidation Tocopherol to Tocopherol quinone by Ferric

chloride (FeCl3) which absorbs at λ max 520 nm [14].
6- Serum glutathione: Serum glutathione was measured by

a modified procedure utilizing Ellman`s reagent and
determined from a standard curve and expressed as
nmol/mg protein [11].

7- Albumin Serum: The Albumin serum was determined by
dye-binding method [15] using kit manufactured by
bioMerieux. The measurement of albumin is based on its
quantitative binding at pH 4.2 with bromocresol green
(BCG) to form a blue-green complex.

8- MDA: MDA is a colour dependent method and the
reaction between Thiobarbituric acidand MDA gives a
chromatic compound on its absorbance in 532
Nanometer [16].

2.2. Statistical Analysis
Data were processed by SPSS version 23, One-way ANOVA
test to find means and standard error. The significances of
differences in proportions analysed by Duncan test, while
Chi-square was used to compared the two groups according
to the distribution of T.gondii [17].

3. Results
The results in table (1) revealed Superoxide dismutase (SOD)
activity, Glutathione Peroxidase (GPx) activity and Catalase
(CAT) activity significantly decreased (P< 0.05) in the serum
of Toxoplasmosis woman, compared with control group. In
the present study Vit.C, Vit.E, Glutathione and Albumin
concentrations decreased significantly in the serum of the
positive Toxoplasmosis woman when compared to the
control group. On the other hand, the infections of the
pregnant women with toxoplasmosis caused a significant
increase in MDA concentration in comparison with the
healthy pregnant women (see table 2).

Table 1. Enzymatic Antioxidants Level in Toxoplasmosis pregnant women

Categories
Parameters (Mean± SE)

SOD U/ml GSH-px U/L Catalase k / gHb
Control group No.=22
Infected women No.=44

143.60±1.470 a
83.64±6.052 b

1.87 ± 0.37 a
0.94 ± 0.21 b

0.27 ± 0.085 a
0.12 ± 0.17 b

In the above table, different letterers refer to significant differences at (P<0.05).

Table 2. Non enzymatic Antioxidants Level in Toxoplasmosis pregnant women

Categories Parameters (Mean± SE)
Vit.C μg/ml Vit.E mg/L Glutathione (μmol/L) Albumin (g/dL) MDA μmol/L

Control group No.=22
Infected women No.=44

6.52 ± 0.87 a
4.1 ± 0.98 b

16.42 ± 1.93 a
11.13 ± 2.3 b

1.7 ± 4.6 a
0.97 ± 3.2 b

4.67 ± 0.53 a
2.27 ± 0.30 b

1.37 ± 0.93 b
2.64 ± 1.93 a

In the above table, different letterers refer to significant differences at (P<0.05).

4. Discussion
Superoxide dismutase is a significant physiological
antioxidant defense mechanism in aerobic organism. This
enzyme helps to prohibit forming the hydroxyl radical by the
detoxification of hydrogen peroxide [18]. In this study, the
activity of SOD of the case group, pregnant women, was
lower. This suggests that the elevation of these antioxidant
enzyme provides a main protection against ROS-induced
tissue injury and neutrophils and macrophages release ROS
as a part of the oxidative burst during T. gondii infection.
ROS generation is controlled by the cellular antioxidant
enzymes such as SOD which detoxifies superoxide to
hydrogen peroxide (H2O2) [19]. Thus, the activity of SOD
decreased in gerbils infected with Toxoplasma and might be
associated with increased blood toxicity and oxidative stress

[2] Others pointed there were no changes in the serum SOD
activity in the infected women with T. gondii related to the
increase in the severity of parasitemia and oxidative stress
[21,22].
The decrease in the concentration level of GPx may be due
to the fact that the cells of the inner endothelium of the
placenta are formed. The fetus feeding has been subjected
to a high oxidative stress during its formation, which has led
to the falsification of antigen defenses. Enzymatic oxidation
to scavenge the free radicals is generated as the primary
function of the enzymatic antioxidant Peroxidase
Glutathione to protect the mother and fetus from the
oxidizing agents. These agents may cause pregnancy loss
Early or perhaps due to the direct interaction of this enzyme
with the hydrogen peroxide that was generated previously
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in the body. It resulted in an excessive oxidation and the
most damaging DNA in the universe. The enzyme is linked to
protecting the cellular system and its molecules from
damage and is closely related to reducing the risk of
miscarriage as the aborted mother ages [23].
ROS generation is controlled by the cellular antioxidant
enzymes such as catalase which convert H2O2 to H2O. A
significant decrease in the catalase activity in women of the
case group made H2O2, accumulate. This accumulation may
be the reason to induce oxidative stress [24]. The decrease
in the CAT level seems to cause abortion compared with
control. This entails that there are differences between the
CAT enzyme activities in cases of abortion and normal
pregnancy. It is suggested that high level of free radicals and
decreased antioxidants are associated with abortion. It also
proposed that the end of pregnancy was due to a decrease
in the CAT level that stimulates the synthesis of
prostaglandins [25].
This decrease in vitamin C and vitamin E levels in the
affected women may be due to the production oxidant as
free radicals by the parasite T-gondii therefore vitamin C as
antioxidant, prevents the body from these radicals by
oxidized itself, in addition to the chemical properties of
vitamin C, that allow the direct interaction with O2and OH in
the aqueous phase of plasma, thus preventing damage to
cells. Vitamin C plays a role in reproduction of- Tocopherol
from Tocopherol Radical E, which is produced from the
inhibition of lipid Peroxidation by vitamin E, therefore both
vitamin C and E conserve the cell wall from damage [26,27].
Vit. C deficiency may also play a role in placental abruption.
Studies have shown that low levels of Vit. C cause fetal
oxidative stress in addition to a failure of placental
implantation so may increase the risk of miscarriages and
preeclampsia [28]. Because of the formation of free radical,
oxidative stress can lead to a reduction in Vit. C level (non-
enzymatic antioxidants) in toxoplasmosis patients. The
increase turns over may result in the prevention of oxidative
damage in the patients, suggesting an enhanced system
protection against oxidant harm in toxoplasmosis disease
[29].
Glutathione is the most abundant non-protein thiol source
in the cell, which acts as a substrate for several enzymes,
including glutathione peroxidase and GST and serves
multiple functions in protecting tissues from oxidative
damage keeping the intracellular environment in a reduced
state.[18,24] A significant depletion of glutathione and
glutathione peroxidase activity were noted in the present
study in serum of women infected with T. gondii which was
the result of high oxidative stress and both antioxidants
over-use by the cells. Moreover, the low glutathione levels,
especially in the infected pregnant women with acute phase
of toxoplasmosis, represent a decreased detoxicating
capacity of pregnancy [30]. The decreased in level in the
serum of toxoplasmosis patients has been reported [21,31].
The present study showed decrease significant differences
in albumin concentrations in seropositive Toxoplasmosis
woman and this result is consistent with the previous
studies. Boothroyd et al. [32] stated that toxoplasmosis can
increase the concentrations of serum protein and globulin.
However, it can reduce the concentrations of serum albumin
and decrease albumin in the acute stages which indicates a
decrease in the protein metabolism or an increase
catabolism [33].
In the present study, significant differences in MDA
concentrations in seropositive Toxoplasmosis woman

increased and this result is consistent with Atmaca et al.,[20]
who found that significantly higher erythrocytes of MDA
level in gebrils caused abortion in toxoplasmosis women
compared with control. Also, Al-Azzauy,[34] showed a
significant increase in the MDA in the toxoplasmosis women
serum compared to the control group. Cuffe [35] has shown
that his level is also high in people with multiple
complications of pregnancy, such as recurrent spontaneous
abortions and sterility compared to the control group.
Due to T. gondii infestation, the serum MDA concentration is
considerably increased. This may be caused by free radicals
and oxidants generated as parasitic infectious disease. These
radicals can react with DNA leading to mutation or
cytotoxicity. They can also be bound to the polyunsaturated
fatty acid membrane destructing membranes and cellular
damage. On the other side, these biotoxic agents are more
produced in acute toxoplasmosis, which can be ascribed to
the activation of antioxidant [36].
The reason for the high concentration of Malondialdehyde
(MDA) is due to the increased production of free radicals
that lead to more lipid peroxidation and then higher
oxidative damage in cellular membranes.
This includes placenta membrane damage and is due to lipid
peroxidase inhibiting the synthesis of prostaglandin I2
enzyme, thus causing this enzyme to malfunction, and then
the vessels shrink Hematopoietic and platelet aggregation.
This is followed by the anemia of ischemia and increased cell
damage. Thus, the occurrence of abnormal placentation is
due to an enlarged oxidative process, as well as an elevation
in the concentration of MDA. It was found that time
increases with an increase in the number of times the
previous miscarriages [37].

5. Conclusions
Antioxidants including SOD activity, Glutathione Peroxidase
(GPx) activity, CAT activity, vitamin C, vitamin E, Glutathione
and Albumin concentrations significantly grow higher in the
serum of the toxoplasmosis aborted women than in the
serum of the control group women. This is because of the
free radical released with infection causing increased the
oxidative stress. MDA was a marker for lipid peroxidation in
all patient.
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