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Objective: Autism spectrum disorder (ASD) is a severely disabling psychiatric disease characterized by impairments
in communication and social skills. Although efforts have been made to explore the etiology of ASD, its pathophysiology
remains unclear. This issue is rendered more challenging by confounding data about the effects of vaccination on dis-
ease etiology. In this study, therefore, we investigated the neurodevelopmental effects of maternal tetanus toxoid admin-
istration on rat offspring. We hypothesized that the vaccine affects the sociability and preference for social novelty
of rat offspring as well as the production of immunological and neurotrophic factors, including tumor necrosis factor-alfa
(TNF-a), neuregulin-1 (NRG-1), neuron growth factor (NGF), and oxytocin.

Methods: The study involved 12 female and 4 male adult Sprague —Dawley rats (238 = 10 g), which were assigned
to two groups. Group 1 (control group) was given 0.5 ml of normal saline (0.9% NaCl) on the 10th day of pregnancy,
whereas Group 2 (experimental group) was administered 0.5 ml of tetanus vaccine (tetanus toxoid, 40 IU).
Results: Maternal tetanus toxoid administration exerted beneficial effects on the sociability and explorative behaviors
of the rats. The brain tissue levels of TNF-o, NGF, NRG-1, and oxytocin were higher in the experimental group than
those among the controls. All these significant differences were found in both the male and female rats.
Conclusion: This study is the first to demonstrate the advantages of tetanus toxoid administration in relation to the
sociability and explorative behaviors of rat offspring. The results showed that the vaccine also influences NRG-1, neu-
regulin, and oxytocin production.
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INTRODUCTION

Autism spectrum disorder (ASD) is an extremely in-
capacitating psychiatric illness that is characterized by
impairments in the communication, social, and psycho-
motor domains [1-3] ASD and related issues have been
increasingly illuminated, but the exact etiology of the dis-
ease remains unclear. Some factors that are suspected to
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be contributory to ASD etiology are environmental, ge-
netic, infection-related, metabolic, and immunological
attributes. Nevertheless, the symptoms and signs of ASD
cannot be attributed to a single mechanism [4-7].

With regard to environmental factors, several viral in-
fections and some kinds of drugs have been associated
with the development of ASD. In particular, the stim-
ulation of maternal immunological pathways by bacteria
and viruses have been viewed as causing significant neu-
rochemical alterations in offspring [8]. This orientation di-
rected attention to maternal vaccination during preg-
nancy as a possible route to ASD development in children.
Some studies revealed that maternal immune activation
increases the risk of ASD [1,8], while animal ASD models
based on such activation indicated that disease develop-
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ment is induced by bacterial or viral infections [9-11].
However, epidemiological and experimental studies re-
ported contrasting findings [12-18], thereby precluding a
definitive conclusion regarding the involvement of mater-
nal vaccination in the development of ASD.

Experimental studies showed that prenatal influenza
vaccination is associated with neurogenesis both in preg-
nant mice and their offspring [12,13]. Xia et al. [12], for
example, reported that maternal influenza vaccination
enhances exploratory behaviors and improves the spatial
cognitive performance of offspring in Morris water maze
tests. Other researchers discovered that influenza vacci-
nation promotes M2 microglial/macrophage polarization
via the neuronal secretion of brain-derived neurotrophic
factor (BDNF) [15]. Explorations into associations be-
tween vaccination during pregnancy and ASD develop-
ment likewise extend to epidemiological studies. A case
in point is the work of Zerbo et al. [18], who uncovered
that influenza vaccination does not increase ASD risk
among children whose mothers received the vaccine.
Similar results were derived in a study grounded in data
from seven vaccine safety data link sites [19]. More recent
work by Becerra-Culqui et al. [20] negated the con-
nection of elevated ASD risk to prenatal tetanus, diph-
theria, and acellular pertussis vaccinations.

As can be seen, the present-day scholarship on the eti-
ology and pathophysiology of ASD has thus far generated
mixed results. For more conclusive insights into these is-
sues, the present study was conducted to determine the
neurodevelopmental effects of maternal tetanus toxoid
administration on rat offspring. We hypothesized that tet-
anus toxoid affects the sociability and preference for so-
cial novelty of rat offspring as well as the production of
immunological and neurotrophic factors, such as tumor
necrosis factor-alfa (TNF-a), neuregulin-1 (NGF-1), neu-
ron growth factor (NGF), and oxytocin.

METHODS

Animals

The study involved 12 female and 4 male adult Sprague—
Dawley rats (238 + 10 g), which were housed in plastic
cages under standard conditions, with 12 hours light/dark
cycles implemented at room temperature (22 + 2°C). All
animal studies strictly adhered to the animal experiment
guidelines issued by the Institutional Animal Care and

Ethics Committee (approval number: 199545701/3A).

Study Design

The female rats were randomly distributed into two
groups: Group 1, which served as the controls (n = 6), and
Group 2, to which tetanus toxoid was administered (n =
6). All the animals were monitored daily for behavioral
and health changes throughout the study. The female rats
were caged with a fertile male (three females/one male)
for two to three days, and mating was confirmed via an ex-
amination of white vaginal plaque in the females. After
this, the male rats were removed from the cages.

The Group 1 rats were given 0.5 ml of normal saline
(0.9% NaCl) on day 10 of pregnancy, whereas the Group
2 rats were administered 0.5 ml of tetanus vaccine
(tetanus toxoid, 40 IU) (Tetavax; Sanofi Pasteur, Lyon,
France) also on day 10 of pregnancy. On the day of birth,
litter size was reduced to nine pups per dam to ensure
standardized maternal care. The dams were allowed to
raise their own litters until weaning on postnatal day 21
(P21). On P21, 40 littermates (10 male controls, 10 female
controls, 10 male tetanus toxoid-exposed rats, and 10 fe-
male tetanus toxoid-exposed rats) were randomly sepa-
rated and housed in same-sex and same-study group cag-
es with ad libitum access to standard food and tap water.
All analyses were performed using a sex-specific evaluation.
Considering that the male to female sex ratio is 2 —3:1 for
autism in humans [21], we made all analysis according to
sex. These animals were then subjected to behavioral test-
ing upon reaching adulthood on P50. All behavioral ex-
periments were conducted between 10:00 AM and 3:00
PM.

Behavioral Tests

Three—chamber sociability and social novelty test
Sociability test was performed as previously described
with minor modifications [22,23]. Briefly, a Plexiglas
cage (40 cm x 90 cm x 40 cm) was divided into three
equal regions (40 cm x 30 cm x 40 cm). On the first day,
the rats were allowed to habituate in the test cage for 5 mi-
nutes (pre-test session). Twenty-four hours later, to test so-
ciability, a stranger rat (Stranger 1) was placed inside a
small plastic cage with mesh-like holes in one side cham-
ber and an empty cage in the third chamber. Then, the test
rat was placed in the center chamber and the time spent in
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each region by the test rat was recorded for 10 minutes
(Session 1). For the social novelty and motivation test, an
unfamiliar rat (Stranger 2) was then placed in the opposite
side chamber, and the time spent in each region by the
test rat was recorded for a further 10 minutes (Session II).
The test rat was considered to be in the chamber when its
head and two front paws entered the chamber. The floor
of the field was then cleaned between each test with a
70% alcohol and dried with paper towel to remove any
traces of olfactory stimuli from the previous rat (Fig. 1).

Open-field test

The open-field (OF) paradigm is one of the popular be-
havioral tests to assess locomotion and exploration.
Altered OF behavior is relatively simple to observe; how-
ever, concluding the reasons for the observed changes is a
complex task. Generally, there are two factors that de-
termine the behavior in this paradigm: The first is a pos-
itive exploratory drive originating from the nature of ro-
dents to explore new environments (for food and shelter),
and the second is the animal nature of avoiding open and
brightly lit spaces (exposure to predators). The open-field
test is considered useful in determining motor stereotyped

Pre-test session

|

Sociability test (session

Social novelty and motivation test (session II)

A N
oo

)

;
W=
)

Fig. 1. Three-chamber sociability and social novelty test.

behavior, repeated autogrooming, and restriction of re-
search activity in autism model [24]. The open-field test
was conducted in an open-aired box with dimensions of
50 cm x 50 cm x 40 cm. At the beginning of the test, rats
were gently placed in the center of the box and allowed to
explore the arena freely for 5 minutes. Then, each rat was
observed for 5 minutes to evaluate its spontaneous activ-
ity level. The total number of ambulation (i.e., the number
of floor divisions crossed with four paws) was recorded.
The floor of the field was then cleaned between each ani-
mal with a 70% alcohol-water solution and dried with pa-
per towel to avoid olfactory cues [25].

Tissue Biochemical Analysis

After decapitation, brains were rapidly removed and
stored at —20°C until the time of biochemical analysis.
For tissue analysis, whole cerebral tissues were homogen-
ized with a glass homogenizer in 5% of phosphate-buf-
fered saline (pH, 7.4) and centrifuged at 5,000 g for 15
minutes. The supernatant was then collected and total
protein concentration in the brain homogenates was de-
termined according to Bradford’s method using bovine
serum albumin as standard [26].

The brain levels of TNF-a (Shanghai LZ Biotech Co.,
Ltd., Shanghai, China), NGF (MyBioSource, Inc., San
Diego, CA, USA), oxytocin (MyBioSource, Inc.), NRG1
(Shanghai LZ Biotech Co., Ltd.) in the tissue supernatants
were measured using commercially available rat en-
zyme-linked immunosorbent assay (ELISA) kits. All sam-
ples from each animal were measured in duplicate ac-
cording to the manufacturer’s guidelines.

Statistical Analysis

Statistical evaluation was performed using the Statistical
Package for the Social Sciences (version 15.0 for Windows,
SPSS Inc., Chicago, IL, USA). The Shapiro—Wilk and
Levene’s tests were conducted to verify the normality of
the data and the homogeneity of variance, respectively.
The groups were compared with ANOVA test. Post-hoc
analysis was performed with Tukey test. The results are
presented as mean =+ standard error of the mean. A value
of p < 0.05 was considered reflective of statistical signifi-
cance.
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RESULTS

Effects of Prenatal Tetanus Toxoid on Sociability and
Preference for Social Novelty

Prenatal tetanus toxoid enhanced the sociability and
preference for social novelty of the examined offspring.
To detect the effects of maternal tetanus toxoid admin-
istration on the social behaviors of the rats, we carried out
a three-chamber social test, during which rats normally
choose to spend a considerable amount of time in a com-
partment containing another rat. Both the male and fe-
male rats in study group spent significantly more time in
the compartment compared with their counterparts
(Session | [sociability test]) (p < 0.005 and p < 0.001, re-
spectively). Both the male and female rats exhibited better
preference for social novelty compared with their coun-
terparts (Session Il [social novelty]) (p < 0.05 and p <
0.001, respectively) (Table 1).

Effects of Prenatal Tetanus Toxoid on Open-field Test

The male and female rats in the control group had sig-
nificantly higher scores than their counterparts in the ex-
perimental/vaccinated group on open field test (p < 0.05
and p < 0.001, respectively) (Table 1).

Effects of Prenatal Tetanus Toxoid on Biochemical
Alterations in the Brain

Table 2 presents the results on biochemical markers
(TNF-0, NGF, NRG-1, and oxytocin) in the brain samples
obtained from the control and tetanus toxoid-exposed
rats. The TNF-a levels in the male and female control rats
were 21.4 + 2.5 ng/mg and 22.8 + 3.3 ng/mg, respec-

Table 1. Comparison of scores of three chamber tests and open field
test between groups

Parameters Control group Study group p value

Three-chamber sociability and social novelty test
Session-| (Stranger 1. compartment duration)

Male 415.6 +33.8 5723 x13.4 < 0.05
Female 324.7 249 554.7 +16.9 < 0.001
Session-II (Stranger 2. compartment duration)
Male 411.6 £53.2 596.1 +21.8 < 0.05
Female 385.3 £38.7 583.5£26.3 < 0.05
Open field test (number of ambulation)
Male 14.8 £2.3 24.5+4.6 < 0.001
Female 18.6 + 3.1 48.2+7.8 < 0.001

Values are presented as mean = standard deviation of the mean.

tively, whereas TNF-a concentrations in the male and fe-
male experimental rats were 36.7 + 4.8 ng/mg and 33.6 =
5.3 ng/mg, respectively. The brain tissue levels of TNF-a
in the male and female experimental rats were sig-
nificantly higher compared to those in the controls (p <
0.05 and p < 0.005, respectively). The male and female
rats in the control group had NRG-1 concentrations of 4.1 +
0.3 pg/mg and 2.9 + 0.8 pg/mg, respectively. By contrast,
concentrations in the experimental group amounted to
6.8 = 1.1 pg/mg and 5.6 = 0.7 pg/mg, respectively. The
experimental group had significantly higher levels of
NRG-1 than the control group (p < 0.05 and p < 0.005,
respectively). As for the NGF levels, the male and female
controls and the male and female vaccinated rates regis-
tered concentrations of 65.7 = 5.8 pg/mg and 56.9 + 14.3
pg/mg and 89.3 + 9.4 pg/mg and 91.5 + 10.2 ng/mg,
respectively. The brain tissue levels of NGF in the male
and female rats in the vaccination group were signifi-
cantly higher compared to those of the control group (p <
0.05 and p < 0.005, respectively). The oxytocin levels
were 78.5 + 11.4 pg/mg and 85.6 + 9.5 pg/mg in the male
and female control rats, respectively. These levels
amounted to 135.2 + 12.6 pg/mgand 128.8 + 17.1 pg/mg
in the male and female vaccine-administered rats, respec-
tively. The experimental group exhibited significantly higher
brain tissue levels of oxytocin than the control group (p <
0.05 and p < 0.005, respectively).

Table 2. Comparison of brain levels of TNF-a, NRG-1, NGF, and
oxytocin between groups

Parameters  Control group Study group p value
TNF-a (ng/mg)

Male 21.4+25 36.7 +4.8 < 0.05

Female 22.8+3.3 33.6+5.3 < 0.05
NRG-1 (pg/mg)

Male 4.1+0.3 6.8+ 1.1 < 0.05

Female 29+0.8 5.6 0.7 < 0.05
NGF (pg/mg)

Male 65.7 +5.8 89.3+9.4 < 0.05

Female 56.9 +14.3 91.5+10.2 < 0.05
Oxytocin (pg/mg)

Male 785+11.4 135.2+12.6 < 0.001

Female 85.6 £9.5 128.8 +17.1 < 0.001

Values are presented as mean =+ standard deviation of the mean.
TNF-a, tumor necrosis factor-alfa; NRG-1, neuregulin-1; NGF, neuron
growth factor.
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Correlation between Sociability, Social Novelty, and
Biochemical Parameters

We conducted Pearson correlation test between values
of sociability and social novelty between brain levels of
TNF-a, NGF, NRG-1, and oxytocin in the study group.
There was significant positive correlation between soci-
ability and NGF, NRG-1, and oxytocin (r = 0.65, p <
0.01;r=0.72, p < 0.001; and r =0.77, p < 0.001; re-
spectively). Similarly, there was significant positive corre-
lation between social novelty and NGF, NRG-1, and oxy-
tocin (r = 0.56, p = 0.02; r = 0.69, p < 0.001; and r =
0.73, p < 0.001; respectively).

DISCUSSION

This study demonstrated that maternal tetanus toxoid
administration was beneficial to sociability and ex-
plorative behaviors. The brain tissue levels of TNF-a,
NGF, NRG-1, and oxytocin were higher in the experi-
mental rats compared to those in the control animals. All
these significant differences were found in both the male
and female rats.

Accumulating evidence has been derived regarding the
strong association of genetic vulnerabilities and environ-
mental factors with ASD. Particularly harmful environ-
mental factors during pregnancy can affect offspring be-
haviors, and they can be implicated in neurodevelop-
mental disorders. Although human studies have identified
no link between tetanus toxoid administration and an in-
creased risk of ASD development [20], the exact mecha-
nism underlying the pathogenesis in this respect has not
been thoroughly explained.

Impairments in social interaction, communication, and
explorative behaviors are the core features of ASD
[27,28], but several other symptoms and psychiatric diag-
nosis are commonly seen in clinical settings [29]. In this
research, we used structured protocols to evaluate behav-
joral alterations that are related to the neurodevelop-
mental aspects of autism. We performed a three-chamber
sociability procedure to evaluate the rats for signs of re-
duced social functioning observed in autism. We found
that the male and female rats in the experimental group
had significantly higher scores than those obtained by
their counterparts in the control group. On this basis, we
argue that the administration of tetanus toxoid during
pregnancy can be considered safe and possibly beneficial

to the prevention of autism development in offspring.

NRG-1 is a growth factor that regulates several proc-
esses involved in the maintenance of neuronal networks
and neuroplasticity. It works with the ErbB receptor ty-
rosine kinase, which is a member of the epidermal growth
factor receptor family. It mainly affects GABAergic trans-
mission and regulates synchronized network activity [30].
Dysregulation in an NRG-1 system was reported as an
etiological factor in a number of psychiatric diseases,
such as schizophrenia, bipolar disorder, and Alzheimer’s
disease [31,32]. Additionally, neurotrophic factors such
as NGF and BDNF play important roles in neuronal
growth, survival, and synapse formation [33]. Nevertheless,
conflicting results have been obtained about the levels of
neurotrophic factors and NRG-1 in individuals with ASD
(e.g., increased or unchanged levels), but these findings
were based on detection in circulating peripheral blood
samples [31,34,35]. In our study, we used brain tissue
samples, so the levels found can be considered more rep-
resentative of concentrations in a living brain.

Available data suggested that the dysregulation of the
cytokine system is instrumental in the immunopatho-
genesis of ASD. An assessment of brain tissues indicated
that patients with ASD showed increased proinflamma-
tory chemokines [36]. Similarly, in vitro studies found evi-
dence of the elevated production of proinflammatory and
regulatory cytokines by peripheral blood mononuclear
cells in patients with ASD [37]. Furthermore, inflamma-
tory responses were identified as correlated with the se-
verity of ASD’s behavioral symptoms [8]. In a recent meta-
analysis, however, no significant differences were found
between patients with ASD and healthy controls in terms
of serum TNF-o. concentrations [38]. Meta-regression
analyses also pinpointed a significant effect of differences
in the percentage of males between patients and controls.
These results implied that the role of TNF-a. in the etiopa-
thogenesis of ASD is unclear. The current research found
that TNF-a concentrations were significantly higher in the
brain tissues of the experimental group compared to those
in the brain tissues of the control group. This finding is at-
tributed to the inflammatory response of brain tissue to
tetanus toxoid and thus explains the successful admin-
istration of tetanus toxoid administration in the experi-
mental group. Another explanation for the higher TNF-a
levels in the experimental group is mild stress activity.
Stress is typically regarded as a beneficial experience that
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motivates organisms to act and overcome a stressful
challenge. In certain conditions, however, stress can be
chronic and exert harmful and devastating effects. Some
kinds of stress that are experienced prenatally can influ-
ence neuronal plasticity and survival [39,40]. Researchers
also asserted that premature infants exposed to stress-re-
lated conditions might express increased levels of proin-
flammatory cytokines, such as TNF-q, interleukin-1 (IL-1),
and IL-6 [41]. Ashwood et al. [8] reported increased cyto-
kine and chemokine concentration, along with activated
microglia, in the postmortem brains of ASD patients, lead-
ing to the conclusion that the dysregulation of the cyto-
kine system in the central nervous system (CNS) adversely
affects behavior through alterations in neuronal growth
and activity [42,43]. However, increased TNF-a levels
were also found to be associated with elevated BDNF in
an activity-dependent manner [44].

The relationship between TNF-a. and oxytocin is
complicated. Studies indicated that oxytocin can also act
as an antioxidant during oxidative stress and that its con-
centrations can rise as a reaction to the production of in-
flammatory chemokines or cytokines, such as TNF-a. [45].
We posit that the administration of tetanus toxoid would
act as a mild form of stress on the CNS of offspring, and
TNF-a might trigger increased neuregulin, NRG-1, and
oxytocin. Nonetheless, further clinical and experimental
investigations are needed to shed light on how TNF-a fac-
tors in the etiopathogenesis of ASD.

Oxytocin is a peptide hormone strongly associated with
the social behaviors of mammals. An increasing number
of reports have illustrated oxytocin’s principal role in the
social functioning of animals and humans, particularly
children and adults with ASD [46-48]. Moreover, intra-
nasal oxytocin administration was demonstrated to im-
prove social functioning and empathy in healthy in-
dividuals [47,49]. Currently, the treatment approach in-
volving oxytocin is considered suitable for children with
ASD. Genetic variations in alleles of oxytocin receptor
genes (OXTR), promoter methylation, and/or expression
levels in some areas of the brain responsible for social
function may be related to the variable responses to intra-
nasal oxytocin administration during clinical trials on
ASD [50,51]. Several experimental studies showed differ-
ences in OXTR expression levels in the amygdala, the nu-
cleus accumbens, and the prefrontal cortex [52]. Clinical
and experimental research also satisfactorily established

the strong association of oxytocin concentrations and as-
sociated genetic variations with social behaviors [53]. In
the present work, both the male and female rats in the ex-
perimental group had significantly higher oxytocin levels
than those observed in the control group. This result
aligns with studies presenting a significant association be-
tween oxytocin and improved social behaviors. This also
means our research is the first to demonstrate the effects of
tetanus toxoid on oxytocin levels in brain tissue.

Present study may provide that tetanus toxoid will en-
hance several mechanism such as increasing levels of
oxytocin, neuroglin and NRG-1 in the brain tissue of rats.
Considering the higher level of TNF-a, the most reason-
able mechanism seems to be reaction of CNS to mild
stress. However, the interactions of neurotransmitters are
quite complex and there might be further mechanisms
which should be explained with future studies. As a result,
we can say that tetanus toxoid is not only safe; it might be
also protective in terms of development of autism spec-
trum disorder.

The limitations of the study are worth noting. Although
we administrated the three- chamber sociability and so-
cial novelty test and the open field test for the assessment
of sociability and explorative behaviors, the model em-
ployed in this work might be considered insufficient for
evaluating all the symptoms of ASD. We also disregarded
the assessment of brain tissue as a specific bodily
component.

In conclusion, this study is the first to demonstrate the
beneficial effects of tetanus toxoid on sociability and ex-
plorative behaviors. The findings showed that the vaccine
affected the production of several neurochemical factors,
namely NRG-1, neuregulin, and oxytocin. Our results
support the claim regarding the safety of tetanus vacci-
nation during pregnancy and its possibility as a preventive
of ASD development. Nevertheless, additional examina-
tions are needed to confirm our preliminary results.
Additionally, further studies are needed to confirm the
safety of tetanus toxoid on fetal development.
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