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ABSTRACT

Aim: To explore the effects of . gondii on immune levels and try to find out correlations that maybe manifest later on women who have had the infection
and to assess the direct relationship between the infection and a rise in the value of anti-Miillerian hormone (AMH). Specifically, we examined the relationship
between AMH and IL-1 B, IL-6, and TNF-a.

Materials and Methods: Blood samples were collected from two identical groups of 80 (40 healthy control and 40 infected with T. gondii). The participants
were women at an age ranging from 20 to 25 years; Group 1, healthy women who were not infected with Toxoplasma comprised the control series; Group
2, women who were Toxoplasma-infected and who visited medical facilities. Toxoplasma infection was diagnosed using the Latex Agglutination Test (LAT).
Serum human interleukins (IL-18 and IL-6), tumor necrosis factor alpha (TNF-a) and anti-Miillerian hormone (AMH) were detected by Enzyme Linked
Immunosorbent Assay (ELISA) method.

Results: Compared with the control group, infected women had significantly higher levels of human IL-1f, IL-6, and tumor necrosis factor alpha (TNF-a).
AMH concentrations correlated significantly in a positive manner with human IL-1B, IL-6, and  tumor necrosis factor alpha (TNF-a).

Conclusions: Three immune parameters (IL-1 B, IL-6, and TNF-qa) had elevated circulating levels, which implied the strong association between AMH and

these immune variables.
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INTRODUCTION

Toxoplasma gondii (T. gondii) is a parasite belonging to the
group of inner parasites of cats, for adults are the inter-
mediate host. Symptoms in most instances, patients are
often asymptomatic [1]. The parasite T. gondii frequently
invades the central nervous systems of reptiles, birds and
mammials [2], furthermore, the disease may extend to the
vaginal tractand skeletal muscles [3-4]. This parasite has
a potential to be deadly, as it may lead to acquired toxo-
plasmosis in organ recipient patients [5]. It also causes
congenital toxoplasmosis in the offspring of some domes-
ticand wild animals, such as goats, sheep and pigs [6]. This
disease has now been thought to occur in about a third
of the population in the whole world. Toxoplasma gondii
(the etiological agent of toxoplasmosis), a protist most
commonly found in those that are also organisms from
Apicomplexa, is ubiquitous and well-known [7-8]. It has
almost unique ability to behave as a parasite of mammal
cells including human and farm animals as well as birds
and various marines. Tomasina and colleagues extensive-
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ly discussed the pathogenesis of T. gondii [9]. The basic
mechanism of pathogenesis is that in order to complete
it's indefinitely multiplying and disseminating stage within
an isolated infected cell, the parasite needs to make the
lysis of cells. However, it is precisely this capacity to change
from afast-dividing, disease-causing form (the tachyzoite)
to a slow-dividing ‘encysted’/latently-infected mode (the
bradyzoite) that allows this cunning and canny organism to
coexistin relative equilibrium with its host without actually
doing it in. Acute toxoplasmosis is caused by the former,
but chronic toxoplasmosis can be caused by the latter.
In farm animals, especially sheep, toxoplasmosis costs
millions of dollars in lost production. Similarly, it has been
demonstrated that toxoplasmosis has a significantimpact
on threatened wild animal populations, with catastrophic
ecological consequences and effects of particular severity
in marine life [10]. Eating undercooked meat contaminated
with bradyzoites that are encysted in the brain or skeletal
muscle is a common method by which this parasite is
passed to humans and other carnivores [11]. When a naive
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host contracts the disease while pregnant, it may also be
passed on to the fetus. Besides that, unintentional contact
with infective oocysts produced by feline species in their
droppings could bring about transmission. Human infer-
tility is the most common clinical manifestation of acute
toxoplasmosis. Chronically infected immunocompromised
patients may other clinical manifestations including oral,
cervical, or uterine sores, bleeding abnormalities [12], and
still other symptoms; ocular hypertension is one such clini-
cal manifestation in a renal transplant recipient diagnosed
with molluscum contagiosum [13]. Ophthalmic and neu-
rological complications also occur in persons with chronic
toxoplasmosis and HIV. Those with normal immune sys-
tems who are congenitally infected or become chronically
infected are also at risk of developing ocular toxoplasmosis
[14].In the smallintestine, T. gondii further develops into
rapidly multiplying tachyzoites [15]. Two components
of theimmune response elicited by this approach anchor
the parasite’s life cycle. T. gondii replicates withinimmune
cells it invades. Following infection and dissemination,
the parasite extravasates into a new host where it invades
the brain, muscles and other organs [16]. The majority of
tachyzoites are cleared in the course of a chronicinfection
and the parasites differentiate and express a bradyzoite
transcriptional profile [17]. In order to survive as the par-
asite pass through the intestines of the next host a cyst
wall is produced that is sugar-based [18]. Therefore, the
window of transmission is limited, as the parasite kills the
host before this transformation takes place in the absence
ofastrong immune response. Tumor necrosis factor alpha
(TNF-a), interleukin 1 (IL-1 3) and interleukin-6 (IL-6) are key
moleculesin the onsetand progressionininnate as wellas
in adaptiveimmune response in cells such as endothelium
or epithelial cells [19-20]. Inflammasomes also facilitate
immunity against microbes, multimolecular interactions,
and a variety of cytokines [21]. These kinds of cytokines
are secreted by the cells of the innate immune system,
e.g. monocytes, dendritic cells, and macrophages [22-23].
Anti-Mllerian hormone (AMH) is an ovarian hormone pro-
duced in growing follicles recruited from the primordial
follicle pool but have not undergone dominance selection
[24]. In view of its ability to reflect ovarian follicular pool
volume in a woman of reproductive age, it is considered
to be a reliable marker of ovarian reserve. In contrast to
other hormonal indexes such as serum FSH, there is little
intra- and intermenstrual cycle variability proposed for
AMH [25]. In the male fetus, the physiologic degeneration
of the Mullerian ducts is induced by AMH. According to
Cedars and colleagues AMH can be used as a therapeutic
option for screening reduced ovarian reserve [26]. This
article following our published work that dealt with AMH
level's possible relationship with specificimmune markers
(IL-2,1L-10, and IL-12) [27].
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AIM

The aim of the present study is to explore the effects of T.
gondii on immune levels and try to find out correlations
that maybe manifest later on women who have had the
infection and to assess the direct relationship between the
infection and arise in the value of anti-Mdllerian hormone
(AMH) and to evaluate its putative correlation with other
immune markers. Specifically, we examined the relation-
ship between AMH and IL-1 B, IL-6, and TNF-a.

MATERIALS AND METHODS

PARTICIPANTS, ETHICAL APPROVAL AND
SCOPE OF THE STUDY
Eighty venous blood samples were obtained from women
(20 to 25 years). Women were assigned into two groups (40
women per group; healthy control group and infected group.
Women with toxoplasma involved in this study are those who
visited used medical care services. Exclusion Criteria: Wom-
en with PCOS, autoimmune diseases, hormonal therapies,
pregnant or recently pregnant women, women with ovarian
pathologies, ovarian malignancies, chronic systemicillnesses, im-
munosuppressant drugs or corticosteroids or substance abuse.
The study was performed during the period 15t of Jan-
uary -23" of April 2023. An ethical approval was obtained
from the ethical committee in the College of Pharmacy/
University of Alkafeel (protocol number 544, 25/11/2022).

ASSESSMENT OF THE STUDY PARAMETERS

Toxoplasma infection was determined through LAT and
AMH as well as inflammatory markers were measured
using ELISA. Blood samples were collected in sterile plain
tubes. After a 5-minute centrifugation of the blood at
3000 rpm, the serum was transferred into plastic num-
bered containers and stored at-20°C until several immuno-
logical and serological investigations could be performed.

STATISTICAL ANALYSIS

Data are presented as mean + standard error of mean (SEM).
GraphPad Prism 9.3.1 was used in the analysis and presen-
tation of data. The number of participant (n) is mentioned
inthe legend of each figure. Student s t-test was performed
to compare between healthy controls and infected women.
A p-value < 0.05 was considered significant.

RESULTS

This study adds a piece of information supporting our
previous published data. Both papers deal with the impact
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Fig. 1. Age-related distribution of participants in control and infected
group, no significant difference was detected (n=40-+SEM, t-test)
Source: Own materials

Fig. 3. Age of participants at menarche in control and infected group, no
significant difference was detected (n=402SEM, t-test)
Source: Own materials
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Fig. 2. Body mass index of participants in control and infected group, no
significant difference was detected (n=40+SEM, t-test)
Source: Own materials

of Toxoplasma gondiiinfection on a host of inflammatory
biomarkers and their association with Anti-Mdllerian Hor-
mone (AMH) in women. Similar findings were found that
increased AMH is correlated with an increase in the risk
of one or more reproductive morbidities. Both studies test
the theory that an immune response following T. gondii
infection changes the levels of AMH, which could be in-
dicative for a possible risk of reproductive disturbances at
any laterinstance in time. This study represents, therefore,
also a strong progression and validation of those previous
investigations in which is now demonstrating that by us-
ing unrelated group of topically relevant proinflammatory
markers, the linkage with observed AMH association may
be confirmed together with direct clinical evidence for
adverse reproductive outcome (history of miscarriage/
abortion).Identification also included in this study empha-
sized the pre-eminence of the higher frequency of miscar-

Fig. 4. History of miscarriages or abortions among married women in
healthy control and infected women (n=21and 22+SEM, respectively,
*=significantly different p<0.05 when compared to control, Chi-square test)
Source: Own materials

riages/abortions really reinforcing the original idea, that
both infection and its associated inflammatory/endocrine
profile were involved in adverse reproductive outcomes.

AGE-RELATED DISTRIBUTION OF
PARTICIPANTS

As it is mentioned above, participants involved in this
study aged 20-25 years. However, the age made no
significant difference between healthy and women
infected with T. gondii as mentioned in figure (1).

BODY MASS INDEX OF PARTICIPANTS

Body mass index showed no significant difference
between healthy and women infected with T. gondii
as mentioned in figure (2).
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Fig. 5. Serological characterization of antigens against Toxoplasma in
infected women. It shows that 23.5% of infected women showed serum
IGM immunoglobulin, 26.5% of them showed serum 1GG immunoglob-
ulin and 30% of women in disease group showed both IGM and 1GG
immunoglobulin (n=40+SEM).

Source: Own materials

AGE AT MENARCHE

There was no significant difference between control
and infected women regarding the age of participants
at menarche as mentioned in figure (3).

HISTORY OF MISCARRIAGES OR ABORTIONS
AMONG MARRIED WOMEN

Our results showed that 13% of married womenin the healthy
control group subjected to miscarriages orabortion whileitac-
countedto 24.3% in infected women representing a significant
difference between these two groups as shown in figure (4).

SEROLOGICAL TEST FOR TOXOPLASMOSIS

It was found that 23.5% of infected women showed serum
IGM immunoglobulin while 26.5% of them showed serum
IGGimmunoglobulin. On the other hand, 30% of womeniin
disease group showed both IGM and IGG immunoglobulin
as shownin figure (5).

SERUM LEVEL OF IL-1B

It was found that the serum level of IL-1 3 in infected
women is significantly higher than its level in healthy
control group as shown in figure (6).

SERUM LEVEL OF IL-6

It was found that the serum level of IL-6 in infected
women is significantly higher than its level in healthy
control group a s shown in figure (7).
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Fig. 6. Serum level of IL-1 B in healthy control and infected women
(n=40+SEM, *= significantly different (p<0.05) when compared to
control, t-test)

Source: Own materials

SERUM LEVEL OF TNF-A
Ahigherlevel of serum TNF-a was reported in infected wom-
en compared to healthy control group as showninfigure (8).

SERUM LEVEL OF AMH
Ahigherlevel of serum AMH was reported in infected wom-
en compared to healthy control group as showninfigure (9).

DISCUSSION

This study documented higher serum levels of IL-1, IL-6
and TNF-ain the infected group with a high AMH levels
as compared to the control group. These results may
be due to a function of those inflammatory markers
involved in host’s resistance to T. gondii infection,
since we have shown that T. gondii infection promotes
IL-2 release which could be due to the activation of
primary human monocytes [28]. This increase might
occur because CD4 and CD8 T lymphocyte secrete
IFN-gamma spontaneously; as well as the natural killer
cells secrete IFN- y when the infection is starting to
encounter dendritic cells and neutrophil leukocyte
early in the production of IL-1 [29]. As a consequence,
it stimulates natural killer cells to produce interferon
(IFN-y) and is produced in high concentration by T-lym-
phocyte during chronic infection of toxoplasmosis for
prevention of reactive parasite’s tissue cyst, and for
stimulation of macrophages to which they provide
antigen presentation and increase the effectiveness
of lysosomes in macrophage cell [30]. In other words,
it stimulates the effectiveness of natural killer cells. In
a previous study, we reported a relationship between
elevated level of human cytokines and elevated level
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Fig. 7. Serum level of IL-6 in healthy control and infected women
(n=40£SEM, *= significantly different (p<0.05) when compared to
control, t-test)

Source: Own materials
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Fig. 8. Serum level of TNF-a in healthy control and infected women
(n=40%SEM, *= significantly different (p<0.05) when compared to
control, t-test)

Source: Own materials

of AMH in t. gondii infection [27]. Elevated level of
cytokines in women infected with T. gondii was also
reported in another study [31]. Higher level of sex hor-
mone has been reported in infected women compared
to control whether concurrent increase or decrease
[32-33]findings that support the hypothesis that there
is a relationship between elevated level of AMH and
increased production of inflammatory markers. High
levels ofimmune markers can be linked to the fact that
aborted women inflammatory response was increas-
ing and that the neutrophils and lymphocytes were
attracted to the endometrium. Zicari and colleagues
reported that that both neutrophils and lympho-
cytes in the endometrium can have a pivotal role in
the phenomenon of protease induced neurogenic
inflammation leading to labor or abortions [34], fur-

3- *
2.51
= —T—
E -
(=)
(=¥ - 1.84
=k e
=X
=
<L
€ 1-
=
| .
7]
W
0 1 1
Control Infected

Fig. 9. Serum level of AMH in healthy control and infected wom-
en (n=40£SEM, *= significantly different p<0.05 when compared
to control, t-test)

Source: Own materials

thermore, Madhappan and colleagues also hypothe-
sized that the levels interleukins (particularly IL-8) in
fetal tissue samples obtained from miscarriage cases
were considerably above the inflammatory threshold
than from elective abortion women [35], however,
the findings obtained by Koumantaki and co-work-
ers contradicted with those belong to Madhappan'’s
team which showed that women who underwent
spontaneous abortion had much lower plasma IL-8
levels compared with women carrying normal babies
[36]. In addition to that, another research showed that
serum levels in women prospectively include with
miscarriage women and normal pregnancy women
detected no difference [37]. This inconsistency may
reflect the amount of data collected or may also be
related to the genetic and ethnic variation in the study
samples. In addition, the low level of IL-1 may be due
to an increased release induced by macrophage,
neutrophil, epithelial, and by endothelial cells. As a
result, inflammatory components are recruited to the
inflamed area.However, Saud and colleagues report-
ed that the concentration of IL-1 was 19.06 + 1.28 (pg/
ml) in control versus 28.80 = 1.20 (pg/ml) in infected
women which still higher regardless of significance
[38], it seems more than one factor can influence the
serum level of immune markers. Several studies have
investigated the relationship between inflammatory
markers and AMH. For example, in women with regu-
lar menses, Schon and colleagues found that CRP and
IL-6 are associated with levels of AMH [39]. In another
work, however, where the correlation between serum
IL-6 and IL-2l levels and AMH was further studied, it
was found that IL-6 and IL-2 levels were negatively
correlated with AMH indicating that their level was
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higher, and the lower the level of AMH, the worse
ovarian reserve function. Such contradictory find-
ings could be related to the diseases itself since Sun
and colleagues evaluated the level of inflammatory
markers in women with premature ovarian failure not
with T. gondii infection [40]. It seems that toxoplasma
infection participated in the stimulation of immune
system including the release of immune markers.
The influence of T. gondii infection on mast cells was
also studied. EunAh and colleagues focused on the
generation of pro-inflammatory cytokines (TNF-q, IL-
4), chemokines (CXCL8, MCP-1) and NO by mast cells
following stimulation with soluble lysate of T. gondii
tachyzoites [41]. They used RT-PCR and ELISA to mea-
sure the production of CXCL8 (IL-8), MCP-1, TNF-q,
IL-4. For CXCR-1 and CXCR-2 detection, western blot
analysis was carried out. They demonstrated that T.
gondii lysates induced mast cells of releasing CXCLS,
MCP-1, TNF-q, IL-4 and generating NO. This indicates
that mast cells are critical to inflammatory responses to
T. gondii. The results of the current study demonstrate
no difference in mean age, body mass index, and age
of menarche among control and infection women;
however, differences were found in some reproduc-
tive and immune parameters. Miscarriages/abortions
in married T. gondii infected women were significantly
higher suggesting a potential deleterious reproduc-
tive effect due to the infection. In addition, infected
females also presented increased plasma levels of
pro-inflammatory cytokines IL-13, IL-6 and TNF-q,
indicating the presence of an immune response.
The serum levels of Anti-Millerian Hormone (AMH)
were also notably higher in the infected compared
to the uninfected group, which could be indicative

of disturbed ovarian reserve or immune-mediated
endocrine regulation. Taken together, these data high-
light the potential role of T. gondiiin the reproductive
health of women and the importance of immune-in-
flammatory markers in T. gondii-induced reproductive
dysfunction. Further studies may need to focus on
prospective studies to establish causal relationships
between T. gondii infection, immune parameters, and
reproductive outcomes over time. In addition, mech-
anistic Investigations may be required to explore the
molecular and cellular mechanisms by which T. gondii
influences reproductive hormones, ovarian reserve
markers like AMH, and immune responses.

CONCLUSIONS

Three immune parameters (IL-1 B, IL-6 and TNF-q)
were circulating with increased concentrations in
addition to the already reported raised pro-inflamma-
tory markers, again suggesting a tight link between
AMH levels and these cytokines. The study confirms
the main assumption that immune response post
T. gondii infection modifies Anti-Miillerian Hormone
(AMH) secretion. Through establishing a confirmed link
between AMH and another distinct but important set
of proinflammatory markers, the currentinvestigation
strongly validates the identified linkage for AMH. Im-
portantly, the finding of more miscarriages/abortions
in the infected group is a direct clinical proof of an
unfavorable reproductive outcome. This result comple-
mentsthe previousassumption that both infectionand
its related inflammatory/endocrine profile contribute
to the etiopathogenesis of the observed reproductive
disorders, predicting potential future morbidities.
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