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ABSTRACT

Objective: An interaction between a nanoparticle and the immune system is considered desirable when it may lead to various beneficial medical 
applications such as vaccines, delivery of drugs, antigens or therapeutics for inflammatory and autoimmune disorders. This study aims to evaluate the 
impact of some immune proteins by the presence of gold and nickel nanoparticles in sera of toxoplasmosis patients.

Methods: A total of 20 patients women with toxoplasmosis aged (20-40 year) attending Central Health Laboratory in Baghdad city for the period 
(November 2016 to February 2017) and 20 age-matched of women healthy as a control were included in this study.

Results: A non-significant increase in the activity and specific activity of protease in the sera of women infected with toxoplasmosis were observed 
in comparison to their values in the healthy (p˃0.05). While a non-significant decrease in total protein values was reported. The results of effect of 
nanoparticles showed a decrease in the level of the enzyme in the presence of nanoparticles by 41.3%, while the results showed that inhibition of 
nickel nanoparticles was greater and 43.8%. The results indicated that IgA, IgG, and IgM levels were decreased in the presence of gold nanoparticles. 
In the same context, both IgA and IgG were shown to be inhibitory in the presence of nickel nanoparticles while the results showed activation of the 
IgM level with nickel nanoparticles.

Conclusion: We conclude from this study that other studies are required to confirm our results and therefore support the possibility of using nickel 
nanoparticles as a support for the treatment of toxoplasmosis through its dual effect first by reducing the protease, which is essential for survival of 
the parasite and second by activating IgM level, which enhances the immune defense of the body against the parasite.
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INTRODUCTION

The immune system is a host defense system that protects against 
pathogens such as viruses, parasitic, and worms. Within an organism 
the immune system comprising many biological structures and 
processes [1]. Antibody commonly called immunoglobulin is a protein 
produced in the blood in response of B cells to the presence of pathogen 
(antigen) by binding with them and in activate or destroy it. The 
molecules that antibodies recognize can be quite specific on a particular 
bacterium or virus [2]. In immune cells, one of their component 
is proteases which its function are recognition and elimination of 
pathogen, signal processing, cell homeostasis, and they are regulated 
by dedicated inhibitors called protease inhibitors [3]. Toxoplasmosis is 
caused by the infection by the parasite Toxoplasma gondii. The infection 
produces a wide range of clinical syndromes in humans [4]. Most of 
them don’t get sick, but for some people it causes serious problems, like 
people with weak immune systems and babies whose mothers become 
infected for the first time during pregnancy [5]. These problems 
include damage to the brain, eyes, and other organs [5]. Congenital 
toxoplasmosis is usually a subclinical infection. Toxoplasmosis is most 
often occurs among immunodeficient individuals in those with defects 
of T cell-mediated immunity [4]. Two classes of Toxoplasma antibodies 
may be found in the blood of someone is exposed to T. gondii: IgM and 
IgG [5].

Functionalized gold nanoparticles with controlled geometrical and 
optical properties are the subject of intensive studies and biomedical 
applications [6,7]. One area of interest involves the interactions 
between nanoparticles and the components of the immune system. 

Nanoparticles can be designed to either avoid immune system 
recognition or specifically enhance or inhibit the immune responses [8]. 
When nanoparticles enter the body, their interactions with cells 
are almost unavoidable [8]. An interaction between a nanoparticle 
and the immune system is considered desirable when it may lead to 
various beneficial medical applications such as vaccines, delivery of 
drugs, antigens or therapeutics for inflammatory, and autoimmune 
disorders [9,10]. This study aims to evaluate the impact of some 
immune proteins by the presence of gold and nickel nanoparticles in 
sera of toxoplasmosis patients.

METHODS

A total of 20 patients women with toxoplasmosis aged (20-40 year) 
attending Central Health Laboratory in Baghdad city for the period 
(November 2016 to February 2017) and 20 age matched of women 
healthy as a control were included in this study. 5 mL of venous 
blood was collect from each sample, and placed in a plane tube, and 
left for (15 minutes) at room temperature to clot, then centrifuged at 
3000 rpm for 10 minutes. Serum that obtained was stored at (−20°C) 
until they will be used. The activity of serum protease was determined 
using casein as substrate according to assay method of Ishaya et al. [11], 
with modification [12], and the specific activity of protease was 
expressed as µmol/g of protein. Total protein was determined using 
colorimetric method of Biurite. IgG and IgM were measured using the 
single radial immune diffusion method. The LT Kit was used according 
to the company’s instructions according to the Mancini et al. principle, 
describing the linear relationship between the concentration of the 
antigen and the radius an immunosorbent ring consisting of antibodies 
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containing antibodies of antigen quality [13]. The nanoparticles used in 
this study consisted of gold nanoparticles and nickel nanoparticles [14], 
synthesized using pulsed laser ablation in liquid method [15].

RESULTS AND DISCUSSION

The results presented in Table 1 showed a non-significant increase 
in the activity and specific activity of protease in the sera of women 
infected with toxoplasmosis in comparison to their values in the 
healthy (p˃0.05). While a non-significant decrease in total protein 
values was observed in those with toxoplasmosis in comparison to their 
values in the healthy (p˃0.05). It is worth mentioning that this study is 
the first to evaluate the level of protease in the sera of women infected 
with toxoplasmosis. Protease plays a crucial role in the degradation of 
proteins by decomposition. It is classified into seven categories based 
on the key catalase residues in an active location: Aspartic, cysteine, 
glutamic, serine, threonine, metallic, and chromium, which can be 
divided into more families [16]. This enzyme is important for the growth 
and survival of parasites in humans [17]. Lagal et al. reported that host 
cell invasion by T. gondii is critically dependent on adhesive proteins 
secreted from the micronemes. Proteolytic trimming of microneme 
contents occurs rapidly after their secretion onto the parasite surface 
and is proposed to regulate adhesive complex activation to enhance 
binding to host cell receptors [18].

The previous studies show that nanoparticles can stimulate or suppress 
the immune responses and that their compatibility with the immune 
system is largely determined by their surface properties. Where the 
size, shape, composition, protein binding, and administration routes 
of nanoparticles seem to be the main factors that contribute to the 
interactions with the immune system [19]. Fig. 1 shows the effect of gold 
and nickel nanoparticles on the level of protease in the sera of women 
with toxoplasmosis. The results showed a decrease in the level of the 
enzyme in the presence of nanoparticles by 41.3%, while the results 
showed that inhibition of nickel nanoparticles was greater and 43.8%.

Figs. 2-4 shows the average values of IgA, IgG, and IgM, and the effect 
of gold and nickel nanoparticles on their level, respectively, in the sera 
of women with toxoplasmosis. The results indicated that IgA, IgG, 
and IgM levels were decreased in the presence of gold nanoparticles. 
According to the previous studies on the association of gold with 
proteins, gold is linked with the active site of proteins, which leads 
to the denaturation [20]. In the same context, both IgA and IgG were 
shown to be inhibitory in the presence of nickel nanoparticles, while 
the results showed activation of the IgM level with nickel nanoparticles. 
IgM antibodies are the first to be produced by the body in response to 
toxoplasmosis and are present in most individuals within a week or two 
after exposure. This increase in immune globulin (antibody production) 
is for a short period of time and then decreases again. IgG is produced 
in the body after several weeks of initial infection to provide long-
term protection [21]. Its levels rise during active infection, then settle 
as toxoplasmosis and parasites are inactive. The IgM antibody test, 
combined with the IgG test, can be used to help confirm the presence of a 
recent or earlier toxoplasmosis. Recent studies demonstrated increased 
Toxoplasma IgG, but not IgM, antibody levels in sera of patients with 

Table 1: Mean values of total protein, activity and specific 
activity of protease in sera of studied groups

Parameter Group Mean±SD p value

Total protein (g/dL) Control 7.07±15.9 0.17
Patients 6.39±12.2

Protease activity (µmol/L) Control 109.09±23.3 0.387
Patients 116.15±29.5

Protease specific 
activity (µmol/g)

Control 1.542±0.87 0.295

Patients 1.815±0.68
SD: Standard deviation

Fig. 1: Protease activity without and with gold and nickel 
nanoparticles in sera of toxoplasmosis

Fig. 2: IgG mean value in the absence and presence of gold and 
nickel nanoparticles in sera of toxoplasmosis

Fig. 3: IgA mean value in the absence and presence of gold and 
nickel nanoparticles in sera of toxoplasmosis

Fig. 4: IgM mean value in the absence and presence of gold and 
nickel nanoparticles in sera of toxoplasmosis
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recent onset of schizophrenia [22,23]. These schizophrenia patients 
do not appear to be in the acute stage of acquired infection with 
T. gondii, since both IgM and IgG antibody titers increase during this 
stage of infection [24]. Therefore, the patients appear to be in a specific 
condition of chronic infection that causes an increase only in IgG 
antibody titers [25].

CONCLUSION

We conclude from this study that other studies are required to confirm 
our results and therefore support the possibility of using nickel 
nanoparticles as a support for the treatment of toxoplasmosis through 
its dual effect first by reducing the protease, which is essential for 
survival of the parasite and second by activating of IgM, which enhances 
the immune defense of the body against the parasite.
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