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ARTICLE INFO ABSTRACT

Keywords: The present study evaluated the effects of the coadministration of lithium (Li) and Cel on inflammatory para-
Bipolar disorder meters in an animal model of mania induced by dextroamphetamine (D-amph). It was used Wistar rats 60 days
Ma‘{ia old (250-350 g). The animals (n = 10 per group) received D-amph (2 mg/kg) or saline solution of NaCl 0.9%
thhlum' (Sal) intraperitoneally once a day for 14 days. From day eight until 14, the animals from the D-amph and Sal
Cellecox1b . groups received Li (24 mg/kg), Cel (20 mg/kg), Li + Cel or water via gavage. Behavioral analyses were per-
Animal model of mania . . L. .

Inflammation formed using the open-field test. The levels of IL-1f, IL-4, IL-10, and TNF-a were evaluated. The administration
Cytokines of D-amph induced hyperactivity in the rats, as well increased the IL-4, IL-10, and TNF-a levels in the serum,

frontal cortex, and striatum of rats compared to those of the controls, and treatment with Li plus Cel reversed
these alterations. In general, the administration of Li or Cel per se did not have effects on the behavioral and
biochemical parameters. However, the treatment with Cel per se decreased only the IL-10 levels in the serum of
animals. Besides, the treatment with Li or Cel decreased the IL-4 levels in the serum and reversed the effects of D-
amph on this parameter in the frontal cortex. The treatment with Li reversed the effects of D-amph on the TNF-a
levels in all tissues evaluated, and the administration of Cel reversed this alteration only in the striatum. It can be
observed that treatment with Li plus Cel was more effective against damages caused by D-amph when compared
to the administration of both treatments per se, suggesting that the coadministration can be more effective to
treat BD rather than Li or Cel itself. The treatment with Li plus Cel was effective against the inflammation
induced by D-amph.

1. Introduction

Bipolar disorder (BD) is a chronic psychiatric disorder that involves
mood alterations, affecting 1%-3% of the global population (Keck et al.,
2001). BD is characterized by an alternation between depressive and
manic episodes, with the latter being the clinical mark of BD (American
Psychiatric Association, 2013). Lithium (Li) is a drug that is approved
by the FDA as a mood stabilizer, which is the “gold standard” of

treatment for BD (Geddes and Miklowitz, 2013). Li is useful in the
treatment of acute manic episodes and has some antidepressant prop-
erties (Manji and Zarate, 2002). Furthermore, other drugs also are used
in BD treatment by having antimanic effects, such as anticonvulsants
and atypical antipsychotics (Geddes and Miklowitz, 2013).

A selective inhibitor of cyclooxygenase 2 (COX-2), celecoxib (Cel),
has been studied as adjuvant therapy for some mood disorders, such as
BD (Nery et al., 2008; Arabzadeh et al., 2015; Mousavi et al., 2017). Cel
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is a nonsteroidal anti-inflammatory agent that can reduce the levels of
inflammatory markers, such as prostaglandins and cytokines (Shi and
Klotz, 2008). It is well described in the literature that alterations in the
markers of inflammation are present in patients with psychiatric dis-
eases (Mitchell and Goldstein, 2014). Some authors have discussed
several mechanisms that could be involved in the pathophysiology of
BD, such as alterations in the monoamine system and inflammatory
mechanisms (Haase and Brown, 2014; Bauer et al., 2014; Baumeister
et al., 2014).

The microglial cells are responsible for the activation of immune
responses in the central nervous system. These cells release cytokines,
which are inflammatory mediators, responsible for the modulation of
inflammatory signaling (Mallucci et al., 2015; Kang et al., 2015). Pre-
vious studies showed alterations in the levels of inflammatory media-
tors, such as interleukin (IL) 1B, IL-6, IL-18, IL-23, soluble tumor ne-
crosis factor receptor 1 (STNF-R1), and tumor necrosis factor a (TNF-a),
in BD patients (Barbosa et al., 2014; Munkholm et al., 2015; Monfrim
et al., 2014; Pae et al., 2004).

The administration of psychostimulants in rats, such as ampheta-
mines (amphs), is a suitable animal model of mania. Amphs induce
some behavioral and physiological alterations similar to a manic epi-
sode of BD, such as hyperactivity and changes in dopamine and cyto-
kine levels (Pinsonneault et al., 2011; Valvassori et al., 2017; Valvassori
et al., 2018). Therefore, the present study aimed to evaluate the effects
of the coadministration of Li and Cel on inflammatory parameters in an
animal model of mania induced by amph.

2. Materials and methods
2.1. Animals

In the present study, adult male Wistar rats, approximately 60 days
old (body weight 250-350g), from the colony of Universidade do
Extremo Sul Catarinense (UNESC) were used. The rats were housed with
five animals per cage and had ad libitum access to water and standard
commercial chow. A light/dark cycle (12:12h; lights on at 7:00 h) and
constant temperature (22 *+ 1 °C) was maintained in the colony room.
All experimental procedures were carried out following the National
Institutes of Health Guide for the Care and Use of Laboratory Animals
and the Brazilian Society for Neuroscience and Behavior (SBNeC). The
local ethics committee approved this study (Comissdo de Etica no Uso de
Animais da Universidade do Extremo Sul Catarinense, protocol number
056/2015-2). It is important to emphasize that all efforts were made to
minimize animal suffering and to reduce the number of animals used.

2.2. Drugs

The dosage of drugs used here was based on previous studies (Frey
et al.,, 2006a, 2006b; Kaizaki et al., 2013). Dextroamphetamine (D-
amph) was purchased from Sigma-Aldrich (Sigma ®), whereas Li was
purchased from Eurofarma (Sao Paulo city, Sao Paulo, Brazil) and Cel
was purchased from Getz Pharma (Karachi, Pakistan). D-amph was
dissolved in saline solution of NaCl 0.9% (Sal). Li and Cel were dis-
solved in water.

2.3. Experimental design

The animals received D-amph (2mg/kg, 1ml/kg) or Sal (NaCl
0.9%) intraperitoneally once a day for 14 days. From day 8-14, the
animals from the D-amph and Sal groups received Li (24 mg/kg, 1 ml/
kg), Cel (20 mg/kg, 1 ml/kg), Li + Cel or water via gavage. Li was ad-
ministered twice a day (12:12h), whereas Cel was only administered
once a day. At day 15, the rats received an i.p. injection of D-amph or
Sal and, 2h later, were submitted to behavioral analysis. The experi-
mental groups (n = 10 animals per group) in the present study were as
follows: 1) Sal + water; 2) Sal + Li; 3) Sal + Cel; 4) Sal + Li + Cel; 5)
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D-amph + water; 6) D-amph + Li; 7) D-amph + Cel; and 8) D-
amph + Li + Cel.

2.4. Behavioral analysis

Behavioral status was evaluated with the open-field test. In this
procedure, the hyperactivity induced in the animal model is a para-
meter that is associated with the symptoms of BD mania (Nestler and
Hyman, 2010). The open-field test was carried out in a 40 X 60 cm box,
whose 50 cm high walls were made of white fiberboard, except the
front wall, which was made of glass. The floor of the box had nine equal
squares separated by black lines. The animals were gently placed on the
left posterior square and were allowed to freely explore the area for
5min. During the procedure, the number of crossings and rearings
provides relevant information on the rat locomotor (crossings) and
exploratory (rearings) activities (Broadhurst, 1960).

2.5. Sample preparation

The rats were sacrificed by decapitation immediately after the open-
field test. The frontal cortex and striatum were dissected from the
brains of the rats. Peripheral blood samples were immediately collected
after decapitation and centrifuged at 10,000 rpm for 15 min to obtain
serum. Until the analyses were performed, all samples were stored at
—-80°C.

2.6. Assessment of the IL-1f, IL-4, IL-10, and TNF-a levels

The cytokine levels were evaluated in the frontal cortex and
striatum, which were homogenized in extraction solution containing
aprotinin (100 mg of tissue per 1mL). The cytokine concentrations
were determined with a commercially available enzyme-linked im-
munosorbent assay (ELISA) following the instructions supplied by the
manufacturer (DuoSet kits, R&D Systems; Minneapolis). The results are
expressed as pg/100 mg of tissue. Total protein was measured with an
adapted version of the method described by Lowry et al. (1951), using
bovine serum albumin as a standard.

2.7. Statistical analysis

The variables were analyzed according to their distribution through
Shapiro Wilk's test for normality. The Levene test assessed the homo-
geneity of variances among groups. All data are expressed as the
mean * standard error of mean (S.E.) and were analyzed by three-way
ANOVA followed by Tukey's test, if necessary. The Statistica 7® soft-
ware was used to perform all analyses. Differences between groups
were considered statistically significant when p < 0.05.

3. Results
3.1. Behavioral analyses

The effects of treatment with Li and Cel on the behavioral para-
meters in rats in which an animal model of mania induced by D-amph
are shown in Fig. 1. Compared to those of the controls, the adminis-
tration of D-amph increased the number of crossings (Fig. 1A) and
rearings (Fig. 1B), and the coadministration of Li plus Cel reversed all
behavioral alterations that were induced by D-amph. The administra-
tion of Cel or Li in the D-amph groups did not alter the behavioral
changes induced by D-amph. The administration of Li, Cel, or Li plus
Cel did not change the behavior of the saline-pretreated animals com-
pared to those of the controls. It is important to note that the dose of Li
used in the present study was half of the therapeutic dose.

Data from three-way ANOVA revealed significant effects of D-amph
administration [crossing: F(1,80) = 18.84, p < 0.001; rearing: F
(1,80) = 14.38, p < 0.001], treatment [crossing: F(1,80) = 5.50,
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Fig. 1. Effects of Li and Cel administration on the number of crossings (A) and
rearings (B) in an animal model of BD induced by D-amph (n = 10 per group).
Data were analyzed by three-way ANOVA followed by the Tukey test when F
was significant. Values are expressed as the mean + S.E. *p < 0.05 compared
to the Sal group. *p < 0.05 compared to the D-amph group.

p = 0.02; rearing: F(1,80) = 0.08, p = 0.77], D-amph administra-
tion X treatment interaction [crossing: F(1,80) = 2.44, p = 0.12;
rearing: F(1,80) = 3.63, p = 0.06] and D-amph administration X Cel
plus Li interaction [crossing: F(1,80) = 0.55, p = 0.46; rearing: F
(1,80) = 0.02, p = 0.88].

3.2. Levels of IL-1B

As shown in Fig. 2, the administration of D-amph and all treatments
did not have significant effects on the levels of IL-13 in the serum
(Fig. 2A), frontal cortex (Fig. 2B) and striatum (Fig. 2C) of rats com-
pared to those of the controls.

Data from three-way ANOVA revealed no significant effects of D-
amph administration [serum: F(1,32) = 7.48, p < 0.05; frontal cortex:
F(1,88) = 0.15, p = 0.70; striatum: F(1,38) = 0.14, p = 0.70], treat-
ment [serum: F(1,32) =0.34, p=0.56; frontal cortex: F
(1,38) = 0.004, p = 0.94; striatum: F(1,38) = 0.07, p = 0.79], D-amph
administration X treatment interaction [serum: F(1,32) = 0.13,
p = 0.72; frontal cortex: F(1,38) = 0.24, p = 0.62; striatum: F
(1,38) = 1.29, p = 0.26] and D-amph administration X Cel plus Li in-
teraction [serum: F(1,32) =3.22, p = 0.08; frontal cortex: F
(1,38) = 0.00, p = 1.00; striatum: F(1,38) = 2.37, p = 0.13].

3.3. Levels of IL-4

The levels of IL-4 are shown in Fig. 3. The administration of D-amph
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Fig. 2. Effects of the administration of Li and Cel on the levels of IL-1f in the
serum (A), frontal cortex (B) and striatum (C) in an animal model of BD induced
by D-amph (n = 10 per group). Data were analyzed by three-way ANOVA
followed by the Tukey test when F was significant. Values are expressed as the
mean * S.E.

increased the IL-4 levels in the serum (Fig. 3A), frontal cortex (Fig. 3B)
and striatum (Fig. 3C) when compared to those of the control group.
The treatment with Li or Cel did not alter the D-amph-induced IL-4
increase. However, the administration of Li plus Cel reversed the in-
creases in the IL-4 levels induced by D-amph in both brain structures
and the serum of rats.

Data from three-way ANOVA revealed significant effects of D-amph
administration [serum: F(1,38) = 10.62, p < 0.05; frontal cortex: F
(1,38) = 7.53, p < 0.05; striatum: F(1,38) = 10.38, p < 0.05], treat-
ment [serum: F(1,38) = 8.57,p < 0.05; frontal cortex: F(1,38) = 7.53,
p < 0.05; striatum: F(1,38) = 3.55, p = 0.07], D-amph administra-
tion X treatment interaction [serum: F(1,38) = 1.52, p = 0.22; frontal
cortex: F(1,38) = 1.21, p = 0.28; striatum: F(1,38) = 0.94, p = 0.33]
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Fig. 3. Effects of the administration of Li and Cel on the levels of IL-4 in the
serum (A), frontal cortex (B) and striatum (C) in an animal model of BD induced
by D-amph (n = 10 per group). Data were analyzed by three-way ANOVA
followed by the Tukey test when F was significant. Values are expressed as the
mean * S.E. *p < 0.05 compared to the Sal group. “p < 0.05 compared to
the D-amph group.

and D-amph administration X Cel plus Li interaction [serum: F
(1,38) = 1.19, p =0.28; frontal cortex: F(1,38) = 0.57, p = 0.45;
striatum: F(1,38) = 0.14, p = 0.71].

3.4. Levels of IL-10

The IL-10 levels are shown in Fig. 4. The administration of D-amph
induced increases in the IL-10 levels in the serum (Fig. 4A), frontal
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Fig. 4. Effects of the administration of Li and Cel on the levels of IL-10 in the
serum (A), frontal cortex (B) and striatum (C) in an animal model of BD induced
by D-amph (n = 10 per group). Data were analyzed by three-way ANOVA
followed by the Tukey test when F was significant. Values are expressed as the
mean * S.E. *p < 0.05 compared to the Sal group. p < 0.05 compared to
the D-amph group.

cortex (Fig. 4B) and striatum (Fig. 4C) compared to those of the con-
trols. The administration of Li or Cel alone partially reversed the IL-10
increase induced by D-amph in the serum of rats. The Li plus Cel
treatment reversed the increase in IL-10 in the serum of rats. The ad-
ministration of Cel per se decreased the IL-10 levels in the serum
compared to the controls. In the frontal cortex, treatment with Li or Cel
or Li plus Cel reversed the increases in the IL-10 levels induced by D-
amph. In the striatum, the administration of Li or Cel alone did not alter
the D-amph-induced IL-10 increase. However, the administration of Li
plus Cel reversed the D-AMPH-induced IL-10 increase.
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Fig. 5. Effects of the administration of Li and Cel on the levels of TNF-a in the
serum (A), frontal cortex (B) and striatum (C) in animals submitted to an animal
model induced by D-amph (n = 10 per group). Data were analyzed by three-
way ANOVA followed by the Tukey test when F was significant. Values are
expressed as the mean + S.E. *p < 0.05 compared to the Sal group.
#p < 0.05 compared to the D-amph group.

Data from three-way ANOVA revealed significant effects of D-amph
administration [serum: F(1,32) = 7.29, p < 0.01; frontal cortex: F
(1,38) = 6.94, p < 0.05; striatum: F(1,38) = 3.51, p = 0.07], treat-
ment [serum: F(1,32) =22.20, p < 0.001; frontal cortex: F
(1,38) = 3.91, p = 0.055; striatum: F(1,38) = 4.05, p = 0.051], D-
amph administration X treatment interaction [serum: F(1,32) = 1.91,
p = 0.18; frontal cortex: F(1,38) =1.90, p = 0.18; striatum: F
(1,38) = 2.06, p = 0.16] and D-amph administration X Cel plus Li
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interaction [serum: F(1,32) =1.65, p = 0.21; frontal cortex: F
(1,38) = 2.37, p = 0.13; striatum: F(1,38) = 1.12, p = 0.30].

3.5. Levels of TNFa

Fig. 5 shows the TNFa levels. The administration of D-amph in-
duced an increase in TNFa levels in the serum (5A), frontal cortex (5B),
and striatum (5C) compared to the controls. Treatment with Li reversed
the D-amph-induced increase in TNF-a levels in the serum, frontal
cortex, and striatum of rats. The treatment with Cel alone did not
change the D-amph-induced TNFa levels increased in the serum and
frontal cortex but reversed this alteration in the striatum. The coad-
ministration of Li and Cel reversed the increase in TNFa levels induced
by D-amph in the serum, frontal cortex, and striatum of rats.

Data from three-way ANOVA revealed significant effects of D-amph
administration [serum: F(1,32) = 5.50, p < 0.05; frontal cortex: F
(1,38) = 2.12, p = 0.15; striatum: F(1,38) = 8.26, p < 0.01], treat-
ment [serum: F(1,32) =16.34, p < 0.001; frontal cortex: F
(1,38) = 11.16, p < 0.01; striatum: F(1,38) = 12.51, p < 0.01], D-
amph administration X treatment interaction [serum: F(1,32) = 0.86,
p = 0.36; frontal cortex: F(1,38) = 0.04, p = 0.84; striatum: F
(1,38) = 20.64, p < 0.001] and D-amph administration x Cel plus Li
interaction [serum: F(1,32) =0.03, p = 0.86; frontal cortex: F
(1,38) = 0.28, p = 0.60; striatum: F(1,38) = 27.11, p < 0.001].

4. Discussion

According to the present results and previous studies, D-amph ad-
ministration leads to behavioral hyperactivity (Frey et al., 2006a,
2006b; Valvassori et al., 2010; Valvassori et al., 2015). The results of
the present study showed that the administration of D-amph induced
hyperactivity in rats, which can be considered a manic-like behavior,
reinforcing the validity of this animal model. The treatment with a
therapeutic dose of Li (47.5 mg/kg) reverses the effects of the admin-
istration of D-amph on the manic-like behaviors in rats (Varela et al.,
2013; Valvassori et al., 2015). Based on that, the authors did not
evaluate the therapeutic dose of Li. Furthermore, treatment with Li at
half of the therapeutic dose, 24 mg/kg, did not alter the manic-like
behavior induced by D-amph. The authors opted to use a half dose of Li
to observe the effects of this dose per se and its association with Cel. In
addition, treatment with Cel alone did not affect the manic-like beha-
vior induced by D-amph. The authors opt by 20 mg/kg of Cel based in
previous results, which showed that this dose has significant effects on
the behavioral and inflammation parameters in rats (Kaizaki et al.,
2013). However, the association between Cel and Li at 24 mg/kg re-
versed the manic-like behavior.

The possible role of anti-inflammatory agents used as an adjuvant in
BD treatment has been studied previously. Borre et al. (2012) demon-
strated that treatment for two weeks with Cel reversed hyperactivity in
rats. A randomized clinical trial with placebo and Cel showed that BD
patients who received this drug obtained a significant improvement in
depressive symptoms after the first week of treatment (Nery et al.,
2008). Furthermore, some studies have demonstrated that COX-2 in-
hibitors, such as Cel, have effects on the inflammatory markers and
neurotransmitter systems involved in mood disorders (Casolini et al.,
2002; Ross et al., 2002; Mirjany et al., 2002; Raison et al., 2006). Ross
et al. (2002) showed that COX-2 inhibitors reversed the manic-like
behavior induced by amph. It could be suggested that, based on the
present study, Cel can act synergistically with Li to reverse the manic-
like behavior induced by D-amph.

Thomas and Kuhn (2005) demonstrated that the use of amphs in-
duces an increase in COX-2 expression, an essential inflammatory
mediator in the striatum. Studies have shown that there is a rise in the
TNFa and IL-6 levels associated with manic and depressive episodes
(O'Brien et al., 2006; Hung et al., 2007; Ortiz-Dominguez et al., 2007).
Some authors have found alterations in cytokine levels in the serum of
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BD patients (Rapaport et al., 1999; Bauer et al., 2005; Leboyer et al.,
2012). The present study also found an increase in cytokine levels in the
serum of animals, mimicking the observations from clinical studies.
Some studies have suggested that a decrease in synthesis or increases in
dopamine levels can modulate microglial activation in the striatum of
animals, suggesting that there is a relationship between D-amph ad-
ministration and alterations in cytokine levels (LaVoie and Hastings,
1999; Thomas et al., 2008). Pro-inflammatory cytokines may activate
the microglia, and thus leading to neuronal apoptosis, causing impairs
in the mechanisms that modulate the emotional regulation and cogni-
tive functions, which could result in cognitive dysfunctions and mood
alterations (Rosenblat et al., 2014; Rosenblat, 2019).

It has been suggested that bipolar patients present dopaminergic
signaling alterations and an increase in dopamine levels during manic
episodes (Joyce et al., 1995; Vogel et al., 2004). Concomitantly with the
manic-like behavior induced by D-amph, there was an increase in the
levels of anti- and pro-inflammatory cytokines (IL-4, IL-10, and TNFa)
in the serum, frontal cortex, and striatum of rats. Previous studies also
have demonstrated that there is an increase in the levels of both anti-
and pro-inflammatory cytokines (IL-4, IL-6, IL-10, and TNFa) in the
serum, frontal cortex, and striatum of rats in an animal model of BD
induced by D-amph (Valvassori et al., 2015; Valvassori et al., 2018).
Furthermore, studies also demonstrated the increases in pro-in-
flammatory cytokines in structures such as frontal-cortex, hippocampus
and striatum in animals that showed manic-like behavior, such as hy-
perlocomotion, hyperactivity and decreased anxious-like behavior in
pharmacological, genetical and environmental animal model of mania
(Valvassori et al., 2017; Valvassori et al., 2018; Han et al., 2018). In-
terestingly, although differences between methodologies induce the
model, the manic-like behavior seems to be accompanied by alterations
in the cytokine levels. Considering that these cytokines alterations
could impair structures of the limbic system, involved in decision-
making, social interaction, and other types of behavior, it may be the
cause of mood alterations.

IL-13 and TNFa are pro-inflammatory interleukins released during
the early stages of the inflammatory process (Oshiro and Morris, 1997;
Braddock and Quinn, 2004). In this study, the BD animal model ex-
hibited increases in the TNFa levels. However, IL-1p levels were not
significantly different in any tissue evaluated. In contrast, IL-4 and IL-
10 are anti-inflammatory interleukins (Curfs et al., 1997; Sommer and
White, 2010). The administration of D-amph in the present study also
increased the levels of these interleukins, mimicking the inflammatory
aspects of BD patients. Previous studies have shown that D-amph ad-
ministration increases the TNF-a, IL-4, IL-6, and IL-10 levels without
changing the IL-1P levels (Valvassori et al., 2015; Valvassori et al.,
2017). It has been shown that D-amph induces damage in the dopa-
minergic neurons, which can lead to microglial activation and inter-
leukin release (Frey et al., 2006b; Yamamoto et al., 2010; Feier et al.,
2012). Thomas and Kuhn (2005) showed that amph increases the
striatal expression of COX-2, which is an inflammatory mediator.
Therefore, in the present study, D-amph may have been involved in the
inflammatory process due to damage to the dopaminergic system and
COX-2 activation.

It is important taking into account that both anti- and pro-in-
flammatory cytokines were increased after chronic administration of D-
amph. The maintenance of immune homeostasis is attributed to the
balance of pro-inflammatory cytokines and anti-inflammatory cyto-
kines. The increase of pro-inflammatory cytokines usually results in an
increase of anti-inflammatory cytokines; however, the increase of anti-
inflammatory cytokines usually cannot fully compensate for the effect
of pro-inflammatory cytokines (Nold et al., 2010). Therefore, a possible
explanation for the increased D-amph-induced of both pro- and anti-
inflammatory cytokines could be an alteration of the homeostasis of the
immune system induced by D-amph.

In the present study, treatment with a COX-2 inhibitor alone, Cel,
reversed the TNF-a increase induced by D-amph in the serum, frontal
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cortex, and striatum. Also, Cel alone decreased the D-amph-induced IL-
10 increase in the frontal cortex and the serum of rats. A previous study
demonstrated that the administration of 5 mg/kg Cel for five days did
not reverse the increases in TNF-a in the brain that were induced by
amph (El-Sayed El-Sisi et al., 2016). It is important to emphasize that
Cel alone did not reverse the increases in the levels of IL-4 that are
induced by D-amph in all tissues that were assessed (Cui et al., 2006). It
is suggested that the therapeutic effects of Cel are dependent on the
cerebral area and on the cytokines that are evaluated. It is important to
emphasize that the different areas of brains have a specific population
of neurons, synthesize different levels of neurotransmitters and has
different signaling pathway, depending on its function (Valenzuela
et al., 2011). Therefore, the differences in the effects of Li or Cel among
brain area on cytokines levels could be explained by the heterogeneity
among different brain structures.

In this study, Li (24 mg/kg) reversed the D-amph-induced increases
in the TNF-a levels in all tissues that were assessed. Furthermore, Li
reversed the IL-10 levels in the frontal cortex and partially reduced the
levels in the serum. Previous studies have shown that treatment with Li
reduces the production of TNFa and increases the release of IL-4 and IL-
10 (Yuskaitis and Jope, 2009; Himmerich et al., 2013; Rapaport and
Manji, 2001; Al-Azemi et al., 2010; Liu et al., 2011; Green and Nolan,
2012). A previous study demonstrated that Li (47.5 mg/kg) reversed the
increases in the IL-4, IL-6, IL-10 and TNF-a levels in the brain and
serum of rats (Valvassori et al., 2015). In addition, Li inhibit and de-
crease COX-2 expression, TNF-a, and IL-1{ synthesis (Himmerich et al.,
2013; Wang et al., 2013; Zheng et al., 2017). Furthermore, Li also in-
creases the synthesis of IL-2 and IL-10 (Himmerich et al., 2013).
Therefore, it is evident that the anti-inflammatory role of Li is involved
in its therapeutic effect as a mood stabilizer. In the present study, the
combined treatment with Li and Cel was more effective on reversing the
alterations in the cytokine levels induced by D-amph, reversing the
increases in TNF-q, IL-4, and IL-10 in all tissues that were evaluated. As
previously described, Li and Cel have modulatory effects on inter-
leukins (Wang et al., 2013; El-Sayed El-Sisi et al., 2016). Therefore, it
may be suggested that by acting together, the two drugs potentiated
their anti-inflammatory effects.

It is important to emphasize that, in the present study, Li and Cel per
se inhibited amph-increased TNFa, which is a pro-inflammatory cyto-
kine. In the other hand, Li or Cel per se did not attenuate amph-induced
hyperactivity. From these two observations, it can be suggested that the
inhibition of pro-inflammatory cytokines is not directly related to the
anti-manic effects of Li or Cel. However, it is important to note that the
activations of the immune system can activate the signaling cell death
pathway, impairing the cerebral function and accelerate the progres-
sion of the disorder (Lotrich et al., 2014, Green, 2006; Bauer et al.,
2014). Besides the maintenance of symptoms, the treatment of BD
should include cerebral protection.

It is described some triggers of inflammation in BD, such as epige-
netic factors, microglial activation, environmental stressors, and others
(Fries et al., 2019). However, studies suggested that the temporal re-
lationship between BD and inflammation is bidirectional (Perugi et al.,
2014). BD may predate inflammatory comorbidity, or the inflammatory
comorbidity may start before the start of BD symptoms, or both may
start at the same time (Rosenblat and McIntyre, 2016). The in-
flammatory process and high levels of cytokines can impair the health
of BD patients with progressive worsening of cognitive dysfunction and
functional impairment (Lotrich et al., 2014, Green, 2006; Bauer et al.,
2014). Therefore, it is suggested that the treatment of neuroin-
flammation aims to reduce the neuroprogression and provide a better
quality of life to BD patients.

5. Conclusion

The search for more effective treatments for BD is ongoing.
Treatment with Li plus Cel was effective in reducing the inflammation
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induced by D-amph in rats. Therefore, this data may suggest that the
inhibition of COX-2 may be a therapeutic strategy for BD treatment.
However, more studies are necessary to elucidate these mechanisms
better.
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