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Intraperitoneal infection with Taenia crassiceps cysticerci in mice alters several behaviors, including sexual,
aggressive, and cognitive function. Cytokines and their receptors are produced in the central nervous system
(CNS) by specific neural cell lineages under physiological and pathological conditions, regulating such pro-
cesses as neurotransmission. This study is aimed to determine the expression patterns of cytokines in various
areas of the brain in normal and T. crassiceps-infected mice in both genders and correlate them with the
pathology of the CNS and parasite counts. IL-4, IFN-g, and TNF-a levels in the hippocampus and olfactory
bulb increased significantly in infected male mice, but IL-6 was downregulated in these regions in female mice.
IL-1b expression in the hippocampus was unaffected by infection in either gender. Our novel findings dem-
onstrate a clear gender-associated pattern of cytokine expression in specific areas of the brain in mammals that
parasitic infection can alter. Thus, we hypothesize that intraperitoneal infection is sensed by the CNS of the
host, wherein cytokines are important messengers in the host–parasite neuroimmunoendocrine network.

Introduction

The immune and neuroendocrine systems commu-
nicate through a network in which hormones, antigens,

receptors, cytokines, antibodies, and neuropeptides modu-
late the immune response, in connection with neuroendo-
crine changes, while maintaining homeostasis (Besedovsky
and del Rey 1996, 2000; Buckingham and others 1996).

Cytokines are highly inducible secretory proteins that
mediate intercellular communication in the immune, endo-
crine, and nervous systems. They are grouped into several
families: tumor necrosis factors, interleukins, interferons,
and colony-stimulating factors (Dinarello 2007). Certain
cytokines and their receptors have recently been demon-
strated to be produced in the central nervous system (CNS)
by specific neural cell lineages under physiological and
pathological conditions (Deverman and Patterson 2009).
Cytokines regulate various processes in the CNS, including
neurotransmission (Camacho-Arroyo and others 2009).

Thus, this interneuronal communication through synaptic,
presynaptic, and parasynaptic interactions is complicated by
the potential involvement of cytokines in these processes,
requiring this network to be delicately balanced throughout
the ontogeny of an organism (Deverman and Patterson
2009). The mutual regulatory influences between neuro-
transmitters, hormones, and cytokines demonstrate that un-
der normal conditions, they function in concert. The
increase in the discovery of the number of factors that de-
termine the result of these neuronal interactions expands our
understanding of brain function (Deverman and Patterson
2009).

Murine intraperitoneal cysticercosis is caused by the
taeniid, Taenia crassiceps. This experimental system has
been used to explore the physiological host factors that are
associated with porcine cysticercosis and human neurocys-
ticercosis (Larralde and others 1990). Male and female mice
that are infected with T. crassiceps experience significant
changes in sex steroid levels (Morales-Montor and Larralde
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2005; Arteaga-Silva and others 2009), affecting their sexual
behavior (Morales and others 1996), aggressiveness (Gourbal
and others 2001), social status (Gourbal and others 2002), and
prey avoidance of predator (Gourbal and others 2002).

Recently, it has been demonstrated that chronic cysti-
cercotic infection impairs short-term memory in male and
female mice—more so in the latter (Morales-Montor and
others 2014). Correlating with these changes, serotonin levels
decline in the hippocampus of infected females, whereas
noradrenaline levels rise significantly in infected males
(Morales-Montor and others 2014). Notably, infected females
showed a significant increase in the number of counts in the
forced swimming tests and had decreased counts in immo-
bility, whereas male mice showed an increment in the number
of counts in total activity and ambulation tests. Serotonin
levels fell by 30% in the hippocampus of infected females,
and noradrenaline levels increased significantly in infected
males (Morales-Montor and others 2014). Concomitantly, IL-
6, IFN-g, and TNF-a in the hippocampus were upregulated in
infected male and female mice, and IL-4 expression increased
in infected females, but decreased in infected males (Mor-
ales-Montor and others 2014). Moreover, c-fos and proges-
terone receptor expression in the hypothalamus (HYP), brain
cortex, and preoptic area (POA) of infected mice oscillate
during the infection, which does not occur in other areas of
the brain or in other organs (Morales-Montor and others
2004a; Rodriguez-Dorantes and others 2007). This finding
indicates that the brain senses intraperitoneal infections and
responds to it.

Thus, during chronic murine cysticercosis, a host–parasite
NIE network is established, involving the brain. Yet, we do
not know whether classical messengers of the immune
system, such as cytokines, mediate communication in this
network with the host brain.

Because intraperitoneal infection with T. crassiceps alters
various behaviors in mice, in association with changes in the
expression of soluble messengers in the NIE network in
various areas of the brain, we hypothesized that this infec-
tion also affects the levels of molecules that mediate inter-
cellular communication in the NIE network in these regions,
such as cytokines. Thus, we examined the changes in IL-1b,
IL-2, IL-4, IL-6, IL-10, IL-12, TNF-a, and IFN-g expression
in the POA, olfactory bulb (OB), hippocampus, HYP, lateral
cortex (LC), and frontal cortex (FC) of mice during intra-
peritoneal T. crassiceps infection and correlated these data
with brain inflammation and the parasite burdens in the
peritoneum. Our results demonstrate that as the infection
advances and the intraperitoneal parasite load increases,
cytokine expression levels in various areas of the brain
undergo persistent, sexually dimorphic changes, without any
histological damage to the brain. Thus, we report novel
expression patterns of cytokines in the brain of a host during
a helminth infection.

Materials and Methods

Ethics statement

The Animal Care and Use Committee at the Instituto de
Investigaciones Biomédicas evaluated the animal care and
experimentation practices per Mexican regulations (NOM-
062-ZOO-1999). These regulations are in strict accordance
with the recommendations in the Guide for the Care and Use

of Laboratory Animals of the National Institutes of Health
(NIH and The Weatherall Report), ensuring compliance
with international regulations and guidelines. The ethics
committee of the Instituto de Investigaciones Biomédicas
approved this protocol (Permission Number: 2009-16).

Animals and experimental infection

Male and female Balb/c AnN (H2-d) inbred mice, ob-
tained from Harlan (Mexico City), were used for all ex-
periments and housed in the animal care facilities at the
Instituto de Investigaciones Biomédicas, UNAM, at con-
trolled temperatures and under 12-h dark–12-h light cycles,
with the lights on between 07:00 and 19:00. They were fed
sterilized Purina Diet 5015 (Purina, St. Louis, MO) and
given sterilized tap water ad libitum. Estrous was monitored
in females.

The fast-growing ORF strain of T. crassiceps was used
for infection in all experiments (Smith and others 1972).
Larvae were obtained from 3- to 6-month-infected female
donor mice. Ten nonbudding T. crassiceps larvae (*2 mm
in diameter) were suspended in 0.3 mL sterile phosphate
buffered saline (0.15 M NaCl, 0.01 M sodium phosphate
buffer, pH 7.2) and injected intraperitoneally into 42-day-
old male and female mice using a 0.25-gauge needle. Eight
uninfected mice of each sex were used as age-matched
controls.

Mice were euthanized by cervical dislocation after anes-
thesia with ketamine (Pfizer, Mexico D.F., Mexico) at 4, 8,
and 16 weeks of infection. All tissue sections were collected
immediately after rinsing. To avoid variations due to cir-
cadian rhythms, all animals were sacrificed at the same time
each day (08:00). Females were sacrificed in the same phase
of estrous (proestrus).

Collection and processing of brain tissue

The POA, HYP, OB, hippocampus, and FC and LC from
control and infected male and female mice were obtained at
4, 8, and 16 weeks postinfection as per the The Mouse Brain
in Stereotaxic Coordinates. Briefly, POA, and HYP were
dissected by making a razor cut just rostral to the optic
chiasm to the anterior commissure, the anteroventral limit of
which was the nucleus of the diagonal band of the lateral
Broca. The hippocampus was obtained by making a razor
cut underneath the FC, and the FC was excised directly from
the frontal lobes; the LC was excised directly from the
lateral lobes.

The brain tissue from 5 animals was pooled by region to
increase the sample quantity. All experiments were per-
formed in triplicate.

RNA extraction

Total RNA was isolated from the POA, HYP, hippo-
campus, OB, LC, FC, and spleen (positive control tissue for
cytokine expression) of control and infected mice by using
TRIzol (Gibco-BRL, Grand Island, NY). Briefly, each tissue
sample was removed and disrupted immediately in TRIzol
(1 mL/0.1 g tissue); 0.2 mL chloroform was then added per
1 mL TRIzol. The aqueous phase was recovered after a 10-
min centrifugation at 14,000 g. RNA was precipitated with
isopropyl alcohol, washed with 75% ethanol, and dissolved
in RNase-free water. RNA concentration was measured,
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based on its absorbance at 260 nm, and its purity was veri-
fied after electrophoresis in a 1.0% denaturing agarose gel in
the presence of 2.2 M formaldehyde. Total RNA from all
extracted tissues was reverse-transcribed, from which IL-1b,
IL-2, IL-4, IL-6, IL-10, IL-12, IFN-g, TNF-a, and 18S ri-
bosomal RNA (control) were PCR-amplified.

IL-1b, IL-2, IL-4, IL-6, IL-10, IL-12, IFN-c, and TNF-a
expression in brain tissues

The sequences of the primers that were used for ampli-
fication have been published (Rodriguez-Dorantes and oth-
ers 2007). Briefly, 1mg of total RNA from each tissue was
incubated at 37�C for 1 h with 400 units of M-MLV reverse-
transcriptase (Applied Biosystems, Boston, MA) in a 50-mL
reaction, containing 50 mM of each dNTP and 0.05mg oligo
(dt) primer (Gibco-BRL). The 50-mL PCR reaction com-
prised 10 mL of the cDNA, 5 mL 10 · PCR buffer (Bio-
tecnologı́as Universitarias, México) 1 mM MgCl, 0.2 mM of
each dNTP, 0.05 mM of each primer, and 2.5 units of Taq
DNA polymerase (Biotecnologı́as Universitarias, México).

Twenty microliters of each PCR reaction was electro-
phoresed on a 2% agarose gel and visualized with ethidium
bromide. A single band was detected in all cases, as ex-
pected. To determine whether all reactions were in the ex-
ponential phase of amplification and ensure that the changes
in expression were not artifacts (eg, 18S rRNA in the sta-
tionary phase), we performed RNA, cycling, and tempera-
ture curves for each gene.

Densitometric analysis

PCR bands were quantified by densitometric scanning of
several autoradiograms at various exposures and expressed
as the ratio of the signal of the target gene (cytokines) to that
of 18S Ribosomal RNA gene (constitutively expressed
control gene).

Experimental design and statistical analysis

We designed the study as a 2-factor experiment. The in-
dependent variables were infection (Yes, No) and gender
(Male or Female). The dependent variables were the number
of parasites and the expression of IL-1b, IL-2, IL-4, IL-6,
IL-10, IL-12, IFN-g, and TNF-a in the tissue sample, ex-
pressed as the ratio of the optical density of the corre-
sponding gel to that of 18S rRNA.

The complete design was repeated 3 times (5 animals/
treatment); the tissues for each experiment were obtained
from normal males (n = 15) and females (n = 15) and infected
males (n = 15) and infected females (n = 15) mice. Statistical
analysis of variance components was performed using the
Prism 2.01 (GraphPad Software Incorporated). When applied,
post hoc individual contrasts of group means were analyzed
by Tukey test using the sum of residual and 3-factor inter-
action variance to test for significant differences.

Results

Parasite loads

As expected, the parasite load differed between males and
females, wherein females harbored more parasites, starting
as early as 4 weeks after infection (Fig. 1). Also, the in-

crease in the number of parasites from the peritoneal cavity
correlated with the time of infection, peaking at 1,450 – 321
per male at 16 weeks postinfection, whereas females had 1.3
times as many parasites (2,240 – 642) (Fig. 1). No parasites
were detected outside of the peritoneal cavity.

Histomorphology of the brain

To determine whether the infection induced any brain
pathology, we performed a histopathological analysis of
brains from control and infected mice. Acute (4 weeks) and
chronic (8 and 16 weeks) infection did not induce inflam-
mation in the brain, particularly in the areas that we ana-
lyzed. In both genders, there was no inflammation or high
leukocyte infiltration in any brain sample, despite changes in
proinflammatory cytokine expression, even in mice with a
high parasite load in the peritoneal cavity, regardless of
gender (data not shown).

Cytokine expression in POA

Figure 2 shows the relative expression patterns of the
proinflammatory cytokines, IL-1b, TNF-a, and IFN-g and
the Th2 cytokines IL-4 and IL-6 in the POA in male and
female mice, either uninfected or infected. All cytokines
were detected in control and infected mice in both sexes in
all brain areas analyzed, varying by gender and infection
status. IL-2, IL-10, and IL-12 were undetectable in every
area of the brain in control and infected mice. In the positive
control (spleen of infected and control animals), these cy-
tokines were always detected (not shown), suggesting that
these findings are not artifacts.

The expression of IL-1b was higher in females versus
males at 4 weeks in control animals. However, among in-
fected animals, males had higher IL-1b levels, rising sig-
nificantly compared with control males, beginning at 4
weeks and remaining until week 16. TNF-a expression in
the POA was not dimorphic, rising 8 weeks after infection
(P < 0.05) (Fig. 2).

FIG. 1. Parasite loads in male and female mice infected with
Taenia crassiceps cysticerci at various times of infection. Mice
were sacrificed after 4, 8, and 16 weeks of infection. *P < 0.05,
**P < 0.01, both compared between genders.
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Although IFN-g expression did not differ between gen-
ders in control animals, parasitic infection induced gender-
specific patterns. IFN-g was upregulated in infected males
and females at 4 weeks, being higher in females. Interest-
ingly after 8 weeks of infection and until 16 weeks, males
showed higher levels of this cytokine than females
(P < 0.05). IL-4 expression was dimorphic at 4 and 8 weeks
in control and infected animals, with males expressing more
IL-4. But, this pattern disappeared after 16 weeks postin-
fection, at which point IL-4 expression rose in control fe-
males, but declined in infected females (P < 0.05).

IL-6 expression in the POA did not differ between gen-
ders in control mice, but was upregulated on infection in
males and females at the same rate (P < 0.05) (Fig. 2).

Expression of cytokines in the HYP

IL-1b, TNF-a, IFN-g, IL-4, and IL-6 were analyzed in the
HYP from uninfected and infected mice. IL-1b expression
was constant in both genders and was not dimorphic, a
pattern that was unaltered on infection. We found only
significant differences in infected mice at 4 weeks postin-
fection, where females showed higher levels of IL-1b than
males. TNF-a expression in the HYP was dimorphic in
control and infected animals during the early stages of in-
fection (4 weeks), though in an opposite pattern: in control
mice, males have higher expression, whereas in infected
mice, females had higher expression. However, at 8 weeks
no differences between genders are observed, but again,
females had higher expression of TNF-a 8 weeks postin-

fection. No gender differences exist in TNF-a relative ex-
pression at 16 weeks in either control or infected mice (Fig.
3). IFN-g expression was not gender-specific in control
animals, but infection induced a sex-associated pattern at
4 weeks of infection, IFN-g was upregulated in females
versus males after 4 weeks postinfection (pi). Interestingly
this pattern changed in infected mice since males showed
higher levels of IFN-g than females (P < 0.05).

IL-4 expression was dimorphic at 4 and 8 weeks in in-
fected animals, but not in control ones, a pattern that dis-
appeared at 16 weeks postinfection. In females, infection
upregulated IL-4 (P < 0.05) whereas in males, this was not
observed. IL-6 expression in the HYP did not differ between
genders in control mice, but increased at the same rate on
infection in males and females (P < 0.05) (Fig. 3).

Cytokine expression pattern in the OB

All 5 cytokines were detected in the OB in both genders
and in control and infected mice. IL-1b expression was
constant in males and females. A dimorphic pattern was
observed at 8 weeks, where control males showed higher
levels than females; infection did not alter this pattern, ex-
cept at 8 weeks, when females upregulated IL-1b. IL-1b
decreased significantly in males starting at 4 weeks and this
pattern remained until 16 weeks. TNF-a expression in the
OB was not dimorphic, although it decreased in males and
rose in females at 16 weeks pi (P < 0.05) (Fig. 4).

IFN-g expression was not gender-specific in control ani-
mals. But, infection induced a sex-associated pattern at 4

FIG. 2. Expression of IL-1b, TNF-a, IFN-g, IL-4, and IL-6 in the preoptic area (POA) of male and female mice infected
with T. crassiceps at various times of infection. Data are presented as mean – SD. *P < 0.05, ***P < 0.001. ANOVA and
Tukey test were performed to compare selected pairs of columns.
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FIG. 3. Expression of IL-1b, TNF-a, IFN-g, IL-4, and IL-6 in the hypothalamus (HYP) of male and female mice infected
with T. crassiceps at various times of infection. Data are presented as mean – SD. **P < 0.01, ***P < 0.001. ANOVA and
Tukey test were performed to compare selected pairs of columns.

FIG. 4. Expression of IL-1b, TNF-a, IFN-g, IL-4, and IL-6 in the olfactory bulb (OB) of male and female mice infected
with T. crassiceps at various times of infection. Data are presented as mean – SD. **P < 0.01, ***P < 0.001. ANOVA and
Tukey test were performed to compare selected pairs of columns.
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weeks of infection, IFN-g was upregulated in females and
males, decreasing in females after 8 and 16 weeks postin-
fection, but maintained in males (P < 0.05). IL-4 expression
was dimorphic at 4 and 8 weeks in control animals, but this
pattern disappeared at 16 weeks of infection. In females,
infection upregulated IL-4, which was not observed after 16
weeks (P < 0.05).

IL-6 expression in the OB did not differ in control males
and females, but increased at the same rate on infection in
both genders (P < 0.05) (Fig. 4).

Cytokine expression pattern in the FC

Figure 5 shows the relative expression patterns of IL-1b,
TNF-a, IFN-g, IL-4, and IL-6 in the FC in uninfected and
infected males and females. IL-1b was not dimorphic, and
infection increased its expression at 4 weeks postinfection in
both genders. TNF-a expression in the FC was not dimorphic,
infection downregulated it in males, but increased its ex-
pression in females at every time point after infection (Fig. 5).

IFN-g expression was higher in control males than fe-
males. However, infection upregulated the expression of
IFN-g in both males and in females, a pattern that was
maintained until 16 weeks postinfection. IL-4 expression
was dimorphic at 4 and 8 weeks in control animals, but this
pattern disappeared at 16 weeks. Notably, the infected ani-
mal lost this dimorphism. In males, IL-4 expression declined
and IL-6 expression rose due to infection in males and fe-
males at the same rate (P < 0.05) (Fig. 5).

Cytokine expression pattern in the LC

In the LC, IL-1b was dimorphic at 4 weeks, wherein
males had greater expression. However, in infected animals,
this pattern was inverted. There were no gender- or infec-
tion-related differences at 8 or 16 weeks. TNF-a expression
was not dimorphic, but infection upregulated it in females,
but decreased its expression in males at 4 and 8 weeks pi
(P < 0.05) (Fig. 6).

IFN-g expression was similar between genders in control
animals, but upregulated in infected mice in males and fe-
males (P < 0.05). IL-4 expression was dimorphic at 4 and 8
weeks in control animals, and this pattern waned in week 16.
Infection upregulated IL-4 in both genders at weeks 4 and 8,
which was maintained only in males until 16 weeks post-
infection (P < 0.05). IL-6 had a similar expression pattern in
male and female controls, and infection increased its ex-
pression in both genders (P < 0.05) (Fig. 6).

Cytokine expression of in the hippocampus

We examined IL-1b, TNF-a, IFN-g, IL-4, and IL-6 ex-
pression in the hippocampus (HC) in uninfected and infected
mice. IL-1b did not differ between genders and did not
change on infection. TNF-a was equally expressed in males
and females and increased depending on the infection
(P < 0.05) (Fig. 7). IFN-g expression was similar between
genders in control mice, but rose on infection at every
stage in females and only at 4 weeks in males (P < 0.05). IL-4
did not differ between male and female control mice, but

FIG. 5. Expression of IL-1b, TNF-a, IFN-g, IL-4, and IL-6 in the frontal cortex (FC) of male and female mice infected
with T. crassiceps at various times of infection. Data are presented as mean – SD. *P < 0.05, **P < 0.01, ***P < 0.001.
ANOVA and Tukey test were performed to compare selected pairs of columns.
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FIG. 6. Expression of IL-1b, TNF-a, IFN-g, IL-4, and IL-6 in the lateral cortex (LC) of male and female mice infected
with T. crassiceps at various times of infection. Data are presented as mean – SD. **P < 0.01, ***P < 0.001. ANOVA and
Tukey test were performed to compare selected pairs of columns.

FIG. 7. Expression of IL-1b, TNF-a, IFN-g, IL-4, and IL-6 in the hippocampus of male and female mice infected with T.
crassiceps at various times of infection. Data are presented as mean – SD. *P < 0.05, **P < 0.01, ***P < 0.001. ANOVA and
Tukey test were performed to compare selected pairs of columns.
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increased in females at 8 and 16 weeks postinfection
(P < 0.05). IL-6 was not dimorphic and was upregulated on
infection in both genders (P < 0.05) (Fig. 7).

Discussion

In this study, we report novel findings on an important
neuroimmune interaction in male and female mice that have
been infected with T. crassiceps cysticerci, noting signifi-
cant changes in cytokine expression in their brains. We
found that cytokine expression was up or downregulated in
the hippocampus, LC, FC, HYP, OB, and POA of infected
males and females to various extents. Also, the cytokine
expression patterns in the brain were gender-specific, inde-
pendent of infection.

These changes in expression followed various dynamics,
based on time, infection, and gender, reflecting specific al-
terations in the function of each region in the brain.

Changes in cytokine expression in mice that are chroni-
cally infected with T. crassiceps are likely caused by
modulation in steroid levels (Larralde and others 1995;
Morales and others 1996; Arteaga-Silva and others 2009),
consistent with the findings that estradiol activates cytokine
gene transcription in rodents (Loose-Mitchell and others
1988; Travers and others 1988; Nephew and others 1993;
Bigsby and Li 1994) and in the spleen and thymus of cy-
sticercotic mice (Morales-Montor and others 1998). In T.
crassiceps cysticercosis-infected male mice, sexual behavior
is abolished. The region-specific changes in cytokine ex-
pression in the brain that we observed during cysticercosis
could explain behavioral disruptions, because cytokines
mediate brain-specific control of neurotransmission (Ca-
macho-Arroyo and others 2009).

Although cytokines modulate brain development, regen-
eration, and synapses, their origin in the brain is unclear—
astrocytes produce cytokines and chemokines that attract
various immune cell types that facilitate their access to the
brain through the blood–brain barrier during inflammatory
responses (Yoshida and others 1992; Benveniste and others
1994; Hu and others 1994; Feldhaus and others 2004). No-
tably, astrocytes constitutively produce and secrete cytokines,
suggesting that these messengers modulate CNS function.

Our goal is to determine the implications of changes in
cytokine expression in the brain in an infected host for its
physiology. In the mammalian brain, neurons communicate
predominantly through chemical synapses, mediated by
various neurotransmitters. The steps in communication
through chemical synapses—neurotransmitter synthesis,
storage, release, uptake, degradation, interaction with spe-
cific receptors, and transduction—are crucial in the regula-
tion of brain function, all of which can be regulated by
cytokines (Camacho-Arroyo and others 2009). For instance,
the neurotransmitter serotonin is an immune modulator that
is necessary for optimal synthesis of IL-6 and TNF-a in the
brain; under physiological concentrations, it can increase
their production by stimulating its cytokine receptors.
Conversely, extracellular serotonin concentrations above
baseline physiological levels can suppress the production of
IL-6 and TNF-a (Kubera and others 2005).

Neurotransmission by glutamate and g-aminobutyric
(GABA), key excitatory and inhibitory neurotransmitters,
respectively, is modulated by cytokines. In vitro, IL-1b in-
creases GABA-A-mediated inward chloride currents in

synaptosomes and cultured neurons of the amygdala and
cerebral cortex in rats (Miller and others 1991; Hu and others
2000). Moreover, in vivo, systemically injected IL-1b upre-
gulates c-fos in GABAergic, enkephalinergic, neurotensiner-
gic, and CRHergic neurons of the amygdaloid complex
(Miller and Fahey 1994; Yu and Shinnick-Gallagher 1994;
Mazzoni and Kenigsberg 1997). Our result of increased IL-1b
expression in various areas of the brain in an infected host
support the finding that c-fos expression rises in the hippo-
campus during chronic infection with T. crassiceps (Morales-
Montor and others 2004b).

IL-6 also participates in neurochemical communication
and undergoes changes in its expression in the brain during
infection; this cytokine potentiates evoked GABA release
from mediobasal hypothalamic explants and posterior pitu-
itary cells in culture (De Laurentiis and others 2000).
Moreover, long-term exposure of the brain to IL-6, as ob-
served in certain degenerative disorders and infections,
impedes adult hippocampal neurogenesis (Vallieres and
others 2002). Thus, our results support and extend a model
in which chronically infected animals that experience in-
creased IL-6 expression in the brain have impaired short-
term memory (Morales-Montor and others 2014).

IFN-g was also altered during cysticercosis. Interferons
regulate neural transmission—application of IFN-g during
peak synaptogenesis reduces the frequency of spontaneous
excitatory activity, but increases that of spontaneous inhib-
itory postsynaptic currents, upsetting the balance between
excitatory and inhibitory neurotransmission (Brask and
others 2004).

TNF-a regulates important functions in the brain, which
might correlate with the alterations in TNF-a expression in
infected host brains that we observed. For instance, TNF-a
increases Ca2 + current density through L-type voltage-
dependent channels, but it decreases currents that are in-
duced by glutamate, NMDA, AMPA, and kainite in cultured
neurons (Furukawa and Mattson 1998; Liu and others 2002).
TNF-a also modulates synaptic maturation and neuronal
branching in the hippocampus by controlling the expression
of synaptic vesicle-associated proteins (Golan and others
2004). Moreover, TNF-a alters the electrophysiological
properties of myenteric neurons through cyclooxygenase
metabolites and protein tyrosine phosphorylation (Son and
others 2004).

In conclusion, cytokines interact with the brain in a sys-
temic and complex manner, influencing the development,
function, and hormone production in the host. Thus, many
clinical situations might be attributed to cytokine activity in
the brain, and therapeutic manipulation of the immune
system might affect brain function. Further work is needed
to determine the exact function of cytokines and determine
whether other factors are associated with the parasite or host
in the feminization that occurs during experimental male
murine T. crassiceps-induced cysticercosis.
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