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A B S T R A C T

Background: A periodontal lesion is a consequence of chronic inflammatory processes, itself triggered by a
bacterial infection of the pulpal and endodontic microenvironment. Evidence suggests that periodontal
lesion induction could alter inflammatory cytokines leading to behavior changes. These effects in the
context of anxiety and depressive behavior have been not full investigated. We aimed to observe anxiety-
and depressive-like behavioral in rodent subjected to periapical dental lesions.
Methods: Pro-inflammatory cytokines levels also were investigated in the frontal cortex and
hippocampus. Parameters related to hypothalamic–pituitary–adrenal (HPA) axis activation also were
evaluated. Wistar rats were divided in groups: control/saline; control/imipramine; periapical lesion/
saline; and periapical lesion/imipramine. Three weeks after induction of the periapical dental lesion, they
were subjected to behavioral tests.
Results: In the periapical lesion group was demonstrated anhedonic behavior and depressive-like
behavior. In the elevated plus-maze test the periapical lesion group had an increase in the number of
entries and spent more time in the closed arms. Imipramine treatment was able to reverse depressive-
and anxiety-like behaviors. In the hippocampus and frontal cortex tumor necrosis factor-α (TNF-α),
interleukin-1β (IL-1β), IL-6, and serum adrenocorticotropic hormone (ACTH) levels were higher in the
periapical lesion group. However, rats treated with imipramine had lower IL-1β and ACTH levels.
Conclusions: Our results revealed depressive- and anxiety-like behaviors following induction of a specific
dental lesion. These effects could be associated to higher levels of brain pro-inflammatory cytokines and
HPA axis changes. Antidepressants treatments could be an alternative to treat comorbidities associated to
periodontal lesions.

© 2018 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights
reserved.
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Introduction

Periodontal diseases are the most prevalent oral diseases
worldwide especially in developing countries [1]. Periodontal
lesions are chronic inflammatory processes triggered by bacterial
infections of the pulpal and endodontic microenvironment.
Periodontal lesions are described as a decrease of mineralized
tissue surrounding the root apex the result of the host immune
 Elsevier B.V. All rights reserved.
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response [2–4]. In this context, pro-inflammatory cytokines such
as tumor necrosis factor-α (TNF-α) and interleukin-1 β (IL-1β) play
an important role in the modulation of inflammatory immune
responses within the periapical microenvironment. These cyto-
kines are critical determinants in the outcome of the lesion [5–7].

The interaction between pathogen-associated molecular pat-
terns (PAMPs) and pattern-recognition receptors (PRRs) promotes
the release of mediators, such as cytokines and chemokines which
propagate and regulate the response necessary to remove invasive
microorganisms [8]. These peripherally produced cytokines are
capable of impacting neurotransmitter processes in the brain,
contributing to induction of behavioral changes. A substantial body
of evidence suggests that products of peripheral inflammatory
processes contribute to the pathogenesis of major depressive
disorder (MDD) as well as anxiety [9]. Even in the absence of
identifiable somatic illness, subjects with depressive symptoms
have been shown to exhibit evidence of immune activation (i.e.
higher concentration of specific inflammatory cytokines) [10].
These patients also experienced higher levels of pro-inflammatory
cytokines than in normal healthy controls [11,12]. Corroborating
with these results, animal models of meningitis or sepsis presented
a host immune response with high levels of cytokines in the brain
and depressive-like behavior [13,14]. In addition, the administra-
tion of TNF-α or IL-1β induced depressive-like behavior in rodents
[15,16]. In this fashion, the immune system has been shown to be a
protagonist in behavioral changes as this has been demonstrated
by the aforementioned studies in both laboratory animals and
human patients [11,17].

Alterations in the hypothalamic-pituitary-adrenal (HPA) axis
have been found in patients with MDD [18]. Administration of pro-
inflammatory cytokines or lipopolysaccharide (LPS), a constituent
of the cell wall of Gram-negative bacteria, demonstrated similar
results. Neonatal LPS exposure elevated the circulating levels of
corticosterone activating the animal’s HPA axis [19]. Previously we
reported that in adult experimental meningitis, the cytokines
remained elevated even when the animals were free of infection.
At the same time Wistar rats showed changes in HPA axis and
anhedonia which were reversed with imipramine treatment [20].
Although there is limited data on this issue, imipramine treatment
effectively inhibited the production of TNF-α, IL-1β, and interleu-
kin-6 (IL-6) in neural stem cells incubated with LPS [21,22].

Based on these observations, we hypothesized that experimen-
tal periapical lesions, a peripheral inflammation by oral microflora,
could induce behavior changes. First, we investigated if periapical
lesions could trigger depressive- and anxiety-like behaviours and
changes in the HPA axis in Wistar rats. Second, we evaluated the
levels of TNF-α, IL-1β, and IL-6 in the hippocampus and frontal
cortex after a periapical lesion. Finally, we verified the effects of
imipramine treatment on depressive- and anxiety-like behaviours,
cytokines, and the HPA axis in adult rats subjected to periapical
lesions.

Experimental procedures

Animal model of periapical lesion

Adult male Wistar rats (age of two months, 250–350 g body
weight) from our breeding colony were used for the experiments.
The rats were housed under standard light conditions (12 h light/
12 h dark with lights on between 6 a.m. and 6 p.m.). The male
rats as adult were housed with food and water available ad
libitum. All procedures were approved by the Animal Care and
Experimentation Committee of UNESC/046/2013-2, Brazil, and
performed in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals (NIH Publication
No. 80-23, revised in 1996). The animals were anesthetized by an
intraperitoneal administration of ketamine (6.6 mg/kg), xylazine
(0.3 mg/kg), and acepromazine (0.16 mg/kg) [23]. The surgical
exposure of molars and the infection of the dental pulp were from
the oral environment, inducing reproducible results in the
development of periapical lesions and the destruction of bone.

Pulp necrosis was induced on the left mandibular first molars
during adulthood. Dental pulps were exposed by drilling cavities
on the central portion of the occlusal surface with a 1011 H L round
bur in high speed (KG Sorensen, Cotia, SP, Brazil) to a depth nearly
equal to the bur diameter (1 mm) [24]. The periapical lesion was
confirmed by radiography. The x-ray unit operated at 7 mA at 70
kVp, with a size 2 phosphor plate14 (Dabi Atlante, São Paulo) and
exposure time of 0.2 s. Digital x-ray system was used to capture
images scanned (Vista Scan Durr, São Paulo) at the resolution of
1000 dpi.

Imipramine treatment

The animals were divided into four groups: control (n = 10),
control/imipramine (n = 10), periapical lesion/saline (n = 10), and
periapical lesion/imipramine (n = 10) (40 animals for each of the 3
behavioral tests,120 animals in total). The same animals were used
for biochemical measurements. Imipramine (10 mg/kg) or sodium
chloride (NaCl) sterile solution (0,9%) were administered intra-
peritoneally once daily for 14 days. The last dose was administered
60 min before the tests. Imipramine was obtained from Novartis
Pharmaceutical Industry (Brazil) and dissolved in NaCl sterile
solution immediately before the injections. The treatments were
administered in a volume of 1 mL/kg [25].

Behavioral tests

On day 21 after periapical lesion induction [26], the animals
were subjected to sweet food consumption to evaluate anhedonia,
to the forced swimming test to evaluate immobility, and to
elevated plus maze to evaluate anxiety. Immediately following the
behavioral tests, the animals were euthanized and decapitated
(Fig. 1).

Sweet food consumption (anhedonia)
The preference for consumption of sweet foods was measured

in all the groups to evaluate anhedonia for 7 days (14th to 21st day
after periapical lesion induction). For this purpose, the animals
were placed in a lighted rectangular box (40 � 15 � 20 cm) with a
glass ceiling, floor, and wooden side walls. The box was divided into
nine equal rectangles by black lines. Ten Froot Loops1 cereal
pieces (Kellogg’s pellets of wheat, corn starch, and sucrose) were
placed at one end of the box. The animals were subjected to five
3-min trials once daily for 5 days to become familiarized with the
food (14th to 19th day). After being habituated, the animals were
exposed to two test sessions of 3 min each, when the number of
ingested pellets was measured (20th–21st day). This test was
conducted in a light cycle and the evaluation was conducted by a
researcher blinded to the groups. The test was considered
complete when the animal ate all, 1/2, or 1/4 part of the Froot
Loops1, in accordance with previous studies [27,28]. The two test
sessions were held with the animals fasting for a period of 22 h
prior to the behavioural test. Food deprivation is a motivating
stimulus and might be an acute stressor for the animals.

Forced swimming test
This test was conducted according to previous reports [29–31]

and was used as a model of depressive-like behaviour. The test
involves two exposures to a cylindrical water tank in which rats
could not touch the bottom or escape. The tank is constructed of
transparent plexiglass and is 80 cm tall and 30 cm in diameter. The



Fig. 1. Timeline of treatment and behavior tasks during experimental periapical lesion.
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tank was filled with water (22–23 �C) to a depth of 40 cm. The
water in the tank was changed for each rat. For the first exposure,
the rats were placed in the water for 15 min (training session) [32].
After 24 h, the rats were placed in the water again for a 5 min
session (test session). The time of immobility was analysed in the
test session. The rats were judged to be immobile whenever they
stopped swimming and remained floating in the water with their
heads above the surface.

Elevated plus maze
Rats were subjected to the elevated plus-maze test as

previously described [33]. The elevated plus-maze apparatus,
entirely made of wood, consisted of two open arms (50 � 10 cm)
and two enclosed arms (50 � 10 � 40 cm) separated by a central
platform (5 � 5 cm). The height of the maze was 50 cm and the tests
were conducted under dim red light (level of luminosity measured
in the center of the apparatus,100 lx) in a quiet room. Animals were
allowed a 5-minute exposure to red light in their own home cages
before the testing procedure. Next, they were placed individually
on the central platform of the plus-maze facing an open arm. The
number of entries into and the time spent in open and enclosed
arms of the apparatus were recorded over a 5-minute session. The
elevated plus-maze test was performed 24 h after the last injection.

Adrenal gland and hippocampus weight

After death, the hippocampus and adrenal gland were removed
through craniotomy and laparotomy, respectively, and weighted in
an analytical scale [27].

Assessment of TNF-α, IL-1β, and IL-6 levels

At the end of 1 h, following completion of behavioural tests, the
animals were sacrificed and decapitated and the hippocampus and
frontal cortex was removed for the evaluation of TNF-α, IL-1β, and
IL-6 levels. Briefly, the hippocampus and frontal cortex were
homogenized in extraction solution containing aprotinin (100 mg
of tissue per 1 mL) containing: 0.4 mol/L NaCl, 0.05% Tween 20,
0.5% 7 BSA, 0.1 mmol/L Phenyl methyl sulfonyl fluoride, 0.1 mmol/L
benzethonium chloride,10 mmol/L EDTA and 20 KI aprotinin, using
Ultra-Turrax (Fisher Scientific, Pittsburgh, PA, USA). The concen-
trations of cytokines/chemokines in the hippocampus and frontal
cortex were determined using commercially available ELISA
assays, following the instructions supplied by the manufacturer
(DuoSet kits, R&D Systems, Minneapolis, MN, USA). The results are
reported in pg/100 mg of hippocampal and frontal cortex tissue.
Protein was measured using the method of Lowry et al. [34] using
bovine serum albumin as a standard.

Corticosterone and ACTH levels

The blood was collected to evaluate ACTH and corticosterone
levels [35,36]. After 1 h of sweet food consumption, forced
swimming and elevated plus maze tasks exposure, the rats were
sacrificed by decapitation, between 1 and 3 p.m. Thus, we obtained
2 blood trunk samples from each animal. The first sample was
collected in tubes containing EDTA (As recommended by the
manufacturer (Monovette, Sarstedt), collection tubes contained
1.2–2 g of potassium EDTA/L, with a maximum 1% dilution effect of
liquid EDTA). The sample was centrifuged for 10 min at 4000�g at
room temperature (22 �C), and the plasma supernatant was
collected to evaluate ACTH levels [37], (using Enzyme-Linked
Immunosorbent Assay Kit from mark Life Science Inc, PRC). The
second sample was centrifuged immediately after collection for
10 min at 4000�g at room temperature (22 �C). Then the serum
was utilized to evaluate corticosterone levels (the primary
glucocorticoid in rats) [27,28]. The corticosterone levels were
determined using enzyme immunoassay kits (from corticosterone
EIA Kit manufactured by Cayman Chemical Company, USA) for
animals.

Statistics

The data was analysed for normal distribution using the
Shapiro-Wilk test. The results for sweet food consumption, forced
swimming test, elevated plus maze, TNF-α, IL-1β, IL-6, ACTH levels,
adrenal gland weight and hippocampal weight analysis are
reported as a mean � SEM of 10 rats per group. Differences among
experimental groups were determined by two-way ANOVA,
followed by Tukey’s post-hoc testing. Corticosterone concentra-
tions were not normally distributed. These concentrations are
reported as medians with interquartile bars. Corticosterone
differences across experimental groups were tested for signifi-
cance using Kruskal-Wallis testing. All analyses were performed
using the Statistical Package for the Social Science (SPSS) software
version 20.0 (IBM, Chicago, IL, USA).



L.R. Simões et al. / Pharmacological Reports 71 (2019) 24–31 27
Results

Fig. 2 illustrates the sweet food consumption in rats subjected
to periapical lesions. In the periapical lesion group that received
saline, the sucrose consumption decreased as compared to the
control group/saline. In the periapical lesion group that received
imipramine treatment, the sucrose consumption increased when
compared to the periapical lesion group/saline. Imipramine
reversed depressive-like behaviour in this group. Results from
two-way ANOVA are as follows: periapical lesion group
[F(lesion) = 21.69, p < 0.001], for imipramine administration
[F(imipramine) = 4.3006, p < 0.0448], for periapical lesions and
imipramine interaction [F(interaction) = 4.30, p < 0.0448].

In the forced swimming test, in the periapical lesion group that
received saline was observed to have more time in immobility
when compared with the control group/saline. The periapical
lesion group presented with depressive-like behaviour in this test.
In the periapical lesion group that received imipramine treatment,
the time in immobility decreased when compared with the
periapical lesion group/saline. Imipramine treatment reversed
depressive-like behaviour in this group. Data from two-way
ANOVA for the group [F(lesion) = 13.3031, p < 0.001], for imipra-
mine administration [F(imipramine) = 17.44, p < 0.001], for
periapical lesions and imipramine administration interaction
[F(interaction) = 14.46, p < 0.001] (Fig. 3).

Fig. 4 illustrates the elevated plus maze in rats submitted to
periapical lesions. The periapical lesion group had an increased
number of entries in the close arms when compared with control/
saline group. The imipramine treatment decreased the number of
entries in the close arms when compared with periapical lesion/
Fig. 2. The sweet food consumption in rats submitted to experimental periapical lesion. T
experimental groups were determined by two-way ANOVA, followed by Tukey’s post-ho
the control/saline group; #p < 0.05 indicates statistical significance compared with the

Fig. 3. The forced swimming test in rats submitted to experimental periapical lesion. The 

the experimental groups were determined by two-way ANOVA, followed by Tukey’s post
the control/saline group; #p < 0.05 indicates statistical significance compared with the
saline group (Fig. 4A). The periapical lesion group decreased the
number of entries in the open arms when compared with control/
saline group. The imipramine treatment increased the number of
entries in the open arms when compared with periapical lesion/
saline group (Fig. 4B). The periapical lesion group increased the
time spent in the close arms when compared with control/saline
group. The imipramine treatment decreased the time spent in the
close arms when compared with periapical lesion/saline group
(Fig. 4C). The periapical lesion group decreased the time spent in
the open arms when compared with control/saline group. The
imipramine treatment increased the time spent in the open arms
when compared with periapical lesion/saline group (Fig. 4D). Data
from two-away ANOVA for the group number of entries closed
arms [F(lesion) = 0.9679, p = 0.331597], for imipramine adminis-
tration [F(imipramine) = 15.4332, p < 0.001], for periapical lesions
and imipramine administration interaction [F(interaction)
= 9.2681, p = 0.004278]. For number of entries open arms
[F(lesion) = 11.2008, p = 0.0018], for imipramine administration
[F(imipramine) = 8.1446, p = 0.006880], for periapical lesions and
imipramine administration interaction [F(interaction) = 7.5886,
p = 0.008879]. For time closed arms [F(lesion) = 5.086,
p = 0.029809], for imipramine administration [F(imipramine)
= 6.028, p = 0.018646], for periapical lesions and imipramine
administration interaction [F(interaction) = 0.018646, p < 0.001].
For time open arms [F(lesion) = 4.8630, p = 0.033402], for
imipramine administration [F(imipramine) = 6.1801,
p = 0.017311], for periapical lesions and imipramine administra-
tion interaction [F(interaction) = 20.7990, p < 0.001].

Fig. 5 illustrates the TNF-α, IL-1β, and IL-6 levels in the
hippocampus and frontal cortex of rats submitted to periapical
he data are reported as the mean � SEM 10 rats per group. The differences among the
c test. The symbols *p < 0.05 indicate statistical significance in the comparison with

 periapical lesion/saline group.

data are reported as the mean � SEM of 10 animals per group. The differences among
-hoc test. The symbols *p < 0.05 indicate statistical significance in comparison with

 periapical lesion/saline group.



Fig. 4. The Elevated plus maze test in rats submitted to experimental periapical lesion. (A and B) number of entries closed or open arms, (C and D) time closed or open arms.
The data are reported as the mean � SEM of 10 animals per group. The differences among the experimental groups were determined by two-way ANOVA, followed by Tukey’s
post-hoc test. *p < 0.05 indicates statistical significance compared with the control/saline group. #p < 0.05 indicates statistical significance compared with the periapical
lesion/saline group.

Fig. 5. Kinetics of TNF-α, IL-1β, and IL-6 levels assessed by ELISA in the hippocampus and frontal cortex after submitted to experimental periapical lesion. Results are
expressed as the mean � SEM of 10 animals in each group and determined by two-way analysis of ANOVA and Tukey’s test; *p < 0.05 indicates statistical significance
compared with the control/saline group, #p < 0.05 indicates statistical significance compared with the periapical lesion/saline group.
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lesion. The TNF-α levels increased in the hippocampus and frontal
cortex in both periapical lesion/saline and periapical lesion/
imipramine groups (Fig. 5A). IL-1β levels increased in the
hippocampus and frontal cortex in the periapical lesion/saline
group. However, the imipramine treatment decreased IL-1β levels
in the hippocampus and frontal cortex (Fig. 5B). IL-6 levels
increased in the hippocampus and frontal cortex in both periapical
lesion/saline and periapical lesion/imipramine groups (Fig. 5C).
Data from the two-way ANOVA for periapical lesions TNF-α
[F(hippocampus) = 63.78, p < 0.001; F(frontal cortex) = 49.35,
p < 0.001], IL-1β [F(hippocampus) = 72.682, p < 0.001; F(frontal
cortex) = 24.934, p < 0.001], IL-6 [F(hippocampus) = 76, p < 0.001;
F(frontal cortex) = 97, p < 0.001], for imipramine administration
TNF-α [F(hippocampus) = 0.49, p = 0.49; F(frontal cortex) = 1.47,
p = 0.24], IL-1β [F(hippocampus) = 84.319, p < 0.001; F(frontal
cortex) = 38.374, p < 0.001], IL-6 [F(hippocampus) = 1.19, p = 0.29;
F(frontal cortex) = 0.0096, p = 0.9233], for periapical lesions versus
imipramine administration TNF-α [F(hippocampus) = 0.014,
p = 0.97; F(frontal cortex) = 0.08, p = 0.77], IL-1β [F(hippocampus)
= 87.861, p < 0.001; F(frontal cortex) = 37.326, p < 0.001], IL-6
[F(hippocampus) = 0, p = 0.98; F(frontal cortex) = 3.14, p = 0.95].

Fig. 6 illustrates the ACTH levels from the blood of rats
subjected to periapical lesions. The ACTH levels increased in the
periapical lesion/saline group when compared with the control/
saline and periapical lesion/imipramine groups. The ACTH
presented a main effect on periapical lesion [F(lesion) = 7.3456,
p = 0.011539], and on imipramine administration [F(imipramine)
= 7.5748, p = 0.010448]. However, it did not present any effect on
periapical lesions versus imipramine administration [F(interac-
tion) = 3.6927, p = 0.065264].



Fig. 6. The ACTH levels in rats submitted to experimental periapical lesion. The boxes represent the mean � SEM of 10 animals per group. The differences among the
experimental groups were determined by two-way ANOVA followed by the Tukey post-hoc test. The symbols *p < 0.05 indicate statistical significance compared with the
control/saline group; #p < 0.05 indicates statistical significance compared with the periapical lesion/saline group.
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In the Fig. 7, the corticosterone levels did not present a
statistically significant difference in Kruskal-Wallis test
[p = 0.065817].

Fig. 8 illustrates the weight of adrenal gland (A) and
hippocampus (B) from rats subjected to periapical lesion. There
was no statistically significant difference of the adrenal glands
weight in the group periapical lesion/imipramine when compared
with the group periapical lesion/saline [p = 0.193] (Fig. 8A). The
hippocampus weight did not change in any of the groups. For
hippocampal right weight [p = 0.286], for imipramine administra-
tion [p = 0.265], for periapical lesions versus imipramine adminis-
tration [p = 0.244] (Fig. 8B). For hippocampal left weight
[p = 0.662], for imipramine administration [p = 0.794], for
periapical lesions versus imipramine administration [p = 0.19021].
Fig. 7. The corticosterone levels in rats submitted to experimental periapical lesion. Level
the experimental groups were determined by Kruskal-Wallis.

Fig. 8. Weight of the adrenal gland and hippocampus in rats submitted to experimental 

among the experimental groups were determined by two-way ANOVA followed by Tu
Discussion

This current study showed that 21 days after the periapical
lesion, cerebral inflammatory mediators, such as IL1β, and
alteration of the HPA axis can lead to behavior changes (Fig. 9).
Adulthood rats subjected to periapical lesions presented depres-
sive-like behaviour (anhedonia and immobility to swim) and
anxiety-like behaviour (the rodent entered and spent more time in
the closed arms). Moreover, these animals showed an increase of
TNF-α, IL-1β, and IL-6 levels in the hippocampus and frontal cortex
and increased levels of ACTH in the blood. However, imipramine, a
tricyclic antidepressant of the dibenzazepine group, reversed
depressive-and anxiety-like behaviours, normalized ACTH levels in
the blood, and decreased IL-1β in the brain.
s are reported median and bars represent interquartile range. The differences among

periapical lesion. (A) adrenal gland weight, (B) hippocampal weight. The differences
key’s post-hoc test.



Fig. 9. Interaction between modulation of inflammatory immune responses and alterations in the hypothalamic-pituitary-adrenal. ASC, apoptosis-associated speck-like
protein; IL-1R, interleukin-1 receptor; IL-1β, interleukin-1 beta; ACTH, adrenocorticotropin hormone; NLRP3, NOD-like receptor protein 3.
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The site of infection, the periapical lesion, may contribute to
systemic conditions by enhancing pro-inflammatory cytokines
production [2]. In response to systemic inflammation, the soluble
mediators can increase the permeability of blood-brain barrier
leading to an imbalance of brain homeostasis [38]. Physiological
effects of host immune activation can be responsible for several
behavioural, neuroendocrinologic, and neurochemical alterations
[39]. Subsequently, this process can result in cognitive and
behavioural manifestations such as anorexia, discomfort, and
MDD. These symptoms conjointly are known as sickness behaviour
[17,38]. In this study the pro-inflammatory cytokines TNF-α, IL-1β,
and IL-6 levels maintained elevated in the rat brain 21 days after
periapical lesion induction. However, imipramine treatment
decreased exclusively the IL-1β levels. The opposite result was
showed in vitro studies that evaluated the effects of imipramine on
cells. Imipramine inhibited TNF-α, IL-1β, and IL-6 production by
monocytes stimulated by LPS [40]. Similar studies, utilizing neural
stem cells or microglial cells, imipramine treatment inhibited the
production of the same cytokines [22,41]. In addition, imipramine
treatment reversed cytokines changes in the cerebrospinal fluid
and serum induced by animal model of depression induced by
maternal deprivation [42]. Although IL-1β and TNF-α are both
macrophage-derived pro-inflammatory cytokines, this study
demonstrated a distinctive sensitivity of these cytokines to the
suppressive effects of the imipramine. In the meantime, imipra-
mine treatment reverted depressive- and anxiety-like behaviors.
Another study with rodent chronic mild stress of paradigm
depression, imipramine inhibited the production of IL-1β in
association with neurobehavioral improvement [43]. Moreover,
some studies have shown that depression is accompanied by
increasing levels of IL-1β and Interleukin-1 receptor (IL-1R)
[44,45].

Corroborating with our findings, in an animal model of
depression that evaluated the chronic stress of rats after 7 weeks
of exposure the mRNA levels of the pro-inflammatory cytokines
IL-1β and IL-6 were increased in dorsal hippocampus. The
expression of IL-1β was still significantly upregulated after 7 weeks,
and these changes were normalized by chronic treatment with
imipramine, differently from what observed for IL-6, whose
changes were ameliorated only in part by imipramine and
agomelatine. Given the apparent ‘resistance’ of IL-6 to the
pharmacological treatment, it may be inferred that the elevation
of its levels contributes to residual symptoms that may impair or
limit clinical remission of depression [46].

Cytokines, such as TNF-α, IL-1β, and IL-6 are known to activate
the HPA axis. Particularly, IL-1β effectively increases the HPA axis
by triggering corticotropin-releasing and ACTH [44,45]. In
patients with MDD, it were observed hyperactivity of the HPA
axis [47,48]. It is well known that inflammation is a reflexive
response to infection and the HPA axis in particular is essential in
limiting and resolving the inflammatory process [18]. Several
rodent models of infection such as sepsis and meningitis have
demonstrated a simultaneous increase of HPA axis hormones and
depressive-like behavior. In this study, experimental periapical
lesions also triggered an increase of ACTH level in the blood,
which were stabilized with imipramine treatment. Therefore, it
seems that the rodent depressive and anxiety-like behavior could
be attributed to either increased ACTH levels or increased
secretion of the IL-1β.

Conclusion

In conclusion, we revealed that experimental periapical lesion
induced depressive- and anxiety-like behaviours in rats. More-
over, this is the first study that demonstrates positive effects of
imipramine antidepressant under these behavioural parameters
induced by periapical lesion. Periapical lesion also induced an
increase in the pro-inflammatory cytokines in the brain areas
involved with the pathophysiology of MDD and anxiety, as well
changes in the HPA axis, suggesting that changes in cytokines and
HPA axis induced by periapical lesions could be, at least in part,
involved to depressive- and anxiety-like behaviours. Lastly, these
pathophysiological changes reversed following antidepressant
treatment with imipramine further underscores the clinical
translational potential of our findings and is suggest that immune
modulators or other antidepressant could be important to
patients with inflammatory periapical lesions. however, further
studies are needed to elucidate the role of inflammation in
behavioral changes after periapical injury and its treatment with
antidepressants.
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