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A B S T R A C T

Background: Antidepressants are known to affect the immunological system through mechanisms which

are not completely understood. The aim of the present study was to evaluate the effect of the atypical

antidepressant mianserin on the levels of tumor necrosis factor alpha (TNFa), interleukin-6 (IL-6) and

interleukin-10 (IL-10) in the blood of rats in an experimental model of depression.

Methods: Male Wistar rats were subjected to chronic mild stress (CMS) according to Willner’s method

for 6 weeks. Following the development of anhedonia, the stressed and control rats (non-stressed

animals) were treated with mianserin (10 mg/kg ip, twice daily) for three weeks. On the last day of the

experiment, a lipopolysaccharide (LPS, 100 mg/kg ip) was injected to mianserin- or vehicle-treated rats.

TNFa, IL-6 and IL-10 levels in the blood of the rats were assayed using ELISA methods.

Results: The results indicated a significantly increased TNFa level in stressed animals when compared

with the non-stressed (control) group. The levels of IL-6 and IL-10 were also elevated, especially after LPS

administration. Treatment with mianserin resulted in a significant lowering of TNFa and IL-6 levels both

in LPS-treated and LPS-untreated animals. There was also a decrease in IL-10 concentration in LPS-

treated stressed animals.

Conclusions: The results confirm an increase in proinflammatory cytokines in the blood of rats with

experimentally induced depression and show the protective role of the activity of mianserin on the

cytokine levels, expressed in a lowering of TNFa and IL-6 levels in stressed animals, and of IL-10 levels

after LPS administration.
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Introduction

In spite of the roughly 50-year history of the therapy of
depression, the treatment of this disease with antidepressant
drugs still does not yield desirable effects. This is connected with
our insufficient knowledge about the pathogenesis of unipolar
affective disorder, and also with the multiple directions of
antidepressant action. The results of numerous studies over the
last few years indicate changes in the immunological system
during unipolar affective disorder. Preclinical and clinical data
Abbreviations: TNFa, tumor necrosis factor alpha; IL, interleukin; CMS, chronic mild

stress; LPS, lipopolysaccharide; SSRIs, serotonine reuptake inhibitors.
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suggest that depression is associated with the activation of the
immune system, which is manifested as inflammation [11,21].

There are suggestions that in the pathogenesis of depression in
patients, a key role is played by an increase in pro-inflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6), and
tumor necrosis factor (TNFa) [27,29,30,38]. Cytokines are respon-
sible for varied cells processes and also for the maintenance of
homeostasis in tissue. The production of cytokines increases in
cases of acute stress or inflammation. There is a suggestion that
depression is a chronic inflammation of structures in the central
nervous system responsible for emotions and mood [26]. It is
known that pro-inflammatory cytokines have a direct influence on
the nervous system and may cause disturbances in the functioning
of the brain, resulting in behavioral changes such as anhedonia,
which is one of the main symptoms of depression [34]. It is
postulated that if changes in the levels of cytokines are present
during depression, antidepressant drugs might reverse this effect
Sciences. Published by Elsevier Urban & Partner Sp. z o.o. All rights reserved.
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[2,15,22,30,36]. The results of studies using animal models of
depression confirm interactions between immunological factors
and depression that can be modulated by antidepressant drugs.
[13,15,36]. Although there are many studies showing the influence
of antidepressants on cytokines levels, their results remain
ambiguous [32]. These studies mainly concern tricyclics, a classic
group of antidepressants (imipramine, amitriptiline), or selective
serotonin reuptake inhibitors (fluoxetine, paroxetine, sertraline)
[1,3,18,28,40], but knowledge about the action of atypical drugs
like mianserin on immunological factors is still unknown.
Therefore, the aim of this study was to elucidate whether
mianserin, an antidepressant drug with an atypical basic mecha-
nism of action, has an influence on immunological factors.

Materials and methods

Animals

The study material comprised 80 white male Wistar rats with a
baseline body mass of 230 � 15 g. The animals were housed in
standard conditions in compartments with a temperature of
20 � 2 8C, humidity of 60–70% and a 12 h/12 h day/night cycle. Each
rat was placed in a separate cage of 40/25/15 cm. The rats received
standard feed (Labofeed B) and had unlimited access to drinking
water (with the exception of the time periods when the behavioral
experiments took place). The animals exposed to stress were kept in a
separate compartment. The animals were subjected to chronic stress
according to Willner’s [41] model, which is generally accepted to be
the most optimal and yield the most reliable and repeatable results
for factors indicative of the development of depression.

Drug and substances

Mianserin (JELFA, Jelenia Góra) as mianserin hydrochloride was
dissolved in an aqua pro injectione and administered twice daily
intraperitoneally (ip) in a dose of 10 mg/kg according to Sun and
coworkers [39]. Animals serving as control groups received a
proper volume of aqua pro injectione.

Lipopolysaccharide from Escherichia coli serotype 026:B6
(Sigma Chemicals Co.) was dissolved in an aqua pro injectione
and administered in a single dose of 100 mg/kg. intraperitoneally
(ip) according to Shen et al. [37]. 1% solution of saccharose was
designed for a weekly test of consumption.

Chronic mild stress method (CMS)

The scheduled research took advantage of Willner’s model of
depression [41]. The animals were divided into two groups. One
group (n = 40) was subjected to chronic mild stress (CMS) for 6
weeks by means of various randomly scheduled, low-intensity
social and environmental stressors (in a week-cycle for 6 days
animals were exposed to only one factor per day followed by a day
with no stress): no access to food and water, reversed light/dark
cycle, exposure to stroboscopic lamp with frequency of
150 flashes/min, a periodical tilt of cages under 458, pouring
water (200 ml) on rats, and paired housing. The development of the
Table 1
Changes in 1% saccharose solution consumption in the CMS model.

Group The quantity of 1% saccharose co

Week 2 

Stressed rats (S), n = 40 31.3 � 1.9 

Non-stressed rats (K), n = 40 35.4 � 2.7 

Mean � SEM.
* vs. group K, p < 0.05.
main symptom of depression, anhedonia, was controlled by a
weekly test of consumption of a 1% solution of saccharose. Bottles
with saccharose solution were weighed before and given to rats.
After an hour of sucrose intake, the bottles were weighed again.
Before this test, the animals were deprived of food and water for
12 h. The same sucrose intake test was carried out for non-stressed
animals (n = 40).

Antidepressant effect of mianserin on rats under CMS

Following the development of anhedonia, after 6 weeks of
exposing animals on stressors in CMS, stressed (S) rats were
divided into two groups where one group was administered
mianserin (M) (10 mg/kg ip, 2� daily) and another was treated
with vehicle (V) (aqua pro injectione) for 21 days. Two hours before
decapitation, each group was again divided into next two
subgroups, where one subgroup was administered a single dose
of lipopolysaccharide (LPS) (100 mg/kg ip) and the remaining rats
were injected with vehicle (aqua pro injectione). A similar
procedure was performed with the non-stressed control (K) group
of animals. After decapitation, the collected blood was centrifuged
at 4000 rpm for 15 min and the serum was separated and stored at
�80 8C for further measurements.

Measurement of cytokines levels

Biochemical measurements were done by means of the ELISA
method (Enzyme Linked-Immuno-Sorbent Assay) using commer-
cially available kits: ‘‘Quantikine Rat TNFa’’, ‘‘Quantikine Rat IL-6’’
and ‘‘Quantikine Rat IL-10’’, produced by R&D Systems, Inc., USA.
These tests comprised recombinant cytokines from E. coli and
antibodies against rats TNFa, IL-6 and IL-10. The results were
calculated based on the absorbance of complex cytokines–
antibodies. The concentrations were obtained from model curves
with a 5, 21 and 10 pg/ml detection limit for TNFa, IL-6 and IL-10,
respectively.

Statistical analysis

The results were expressed as a mean � SEM. Statistical analyses
were performed using Statistica 10.0 in Windows XP. The data were
evaluated by an analysis of variance (ANOVA) and Duncan’s test (post-
hoc test) for independent and dependent variables. Only statistically
significant data exceeding the significance threshold of p < 0.05 were
taken into account.

The study was approved by the Local Ethic Committee for the Use
of Laboratory Animals in Poznań, Poland (56/2005 and 8/2008).

Results

Evaluation of anhedonia in the CMS model

The development of the main symptom of depression,
anhedonia, in animals subjected to chronic, mild stress was
controlled by a weekly test of consumption of 1% saccharose
solution (Table 1). This test was performed with groups of stressed
nsumption (g)

Week 4 Week 5 Week 6

29.1 � 2.7 21.6 � 2.9* 23.4 � 1.8*

34.4 � 2.2 29.4 � 3.3 33.7 � 3.5



Table 2
Effect of mianserin chronic administration on 1% saccharose consumption.

Group 1% saccharose consumption (g)

7 days 14 days 21 days

Stressed rats (S), n = 40 Mianserin (M), n = 20 20.8 � 2.11 33.7 � 3.7^ 36.4 � 2.3*

Vehiculum (V), n = 20 23.4 � 4.5# 25.7 � 2.2 18.0 � 2.6#

Non-stressed rats (K), n = 40 Mianserin (M), n = 20 32.5 � 5.5 25.1 � 5.0 29.4 � 2.0

Vehiculum (V), n = 20 34.2 � 5.8 32.7 � 6.1 32.7 � 5.0

Mean � SEM.
* vs. S + V, p < 0.05.
# vs. K + V, p < 0.05.
^ vs. S + V, p < 0.07.
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and non-stressed animals. Differences in saccharose intake
between the stressed (S) and non-stressed control animals group
(K) were statistically significant [main effect: ANOVA (1.76) = 7.08,
p < 0.01] after 6 weeks of CMS.

Chronic administration of mianserin

The results indicate the alleviation of symptoms of anhedonia in
those groups of animals which were treated with mianserin
(Table 2). The difference in saccharose consumption between the
group of stressed animals with vehiculum (S + V) and the stressed
group with mianserin (S + M), when compared with the non-
stressed animals, were statistically significant after three weeks of
administration of the drug [interaction, ANOVA II (6.138) = 3.90,
p < 0.01]. Even in the second week of treatment with mianserin,
there was a meaningful alteration (p < 0.07) between the stressed
animals (S + V) and the stressed group with the drug (S + M), which
was especially significantly observed after the third week of drug
administration (p < 0.05). Concerning the non-stressed groups
with or without the drug, there were no statistical significant
differences in the consumption of 1% sucrose solution (K + M vs.
K + V, p > 0.05). Also very important was that the saccharose intake
of stressed animals which were still underlying CMS without
administration of mianserin was decreased (S + V) when compared
with the non-stressed control group (K + V), which indicates
continuous development of anhedonia (p < 0.05).

The influence of mianserin associated with LPS on serum TNF-a, IL-6

and IL-10 levels

Concerning the levels of the pro-inflammatory cytokines,
among which is tumor necrosis factor TNFa, a general variability
Fig. 1. The influence of chronic (21 days) mianserin (10 mg/kg ip, 2� daily) administration

TNFa in the blood of stressed and non-stressed rats. S + V – stressed rats receiving aqua p

stressed rats receiving mianserin; S + M + LPS – stressed rats receiving mianserin + LPS; 

stressed rats receiving aqua pro injectione + LPS; K + M – non-stressed rats receiving

p < 0.005; *vs. S + V + LPS, p < 0.001; #vs. K + V, p < 0.005; Ovs. K + V + LPS, p < 0.001.
in concentrations of this cytokine was noticed [ANOVA
(7.24) = 12.4, p < 0.01] (Fig. 1). In the stressed group of animals
(S + V), there was a statistically significant (p < 0.005) increase in
the TNF-a level compared to the non-stressed control group
(K + V). Additional stressors such as LPS also induced production of
this proinflammatory cytokine, especially in the group of stressed
animals (S + V + LPS vs. K + V + LPS, p < 0.01). Chronic administra-
tion of mianserin caused a meaningful (p < 0.005) decrease in the
concentration of this cytokine in the stressed group (S + M)
compared to stressed animals without the drug (S + V). In terms of
stressed groups of animals with a single injection of LPS,
administration of mianserin also caused a reduction in the TNFa
level without the strong involvement of LPS (S + M + LPS vs.
S + V + LPS, p < 0.001).

Relating to levels of another pro-inflammatory cytokine, IL-6,
there was also a general alteration [ANOVA (7.28) = 20.0, p < 0.05]
in concentrations of this cytokine (Fig. 2). The level of IL-6 in the
serum of stressed animals with a single injection of LPS
(S + V + LPS) was definitely higher (p < 0.001) than in stressed
animals (S + V) without LPS. The administration of the drug only
(S + M) led a decrease in the level (p < 0.05) of IL-6 when compared
with the proper control group (S + V). Concerning the action of LPS
in mianserin-treated rats, LPS did not significantly affect the level
of IL-6 when compared with the drug effect (p > 0.05). A similar
effect was noticed in non-stressed groups treated with mianserin
and LPS (K + M + LPS vs. K + V + LPS, p < 0.001) and in animals
treated only with mianserin (K + M vs. K + V, p < 0.05).

Concerning the levels of the anti-inflammatory cytokine
interleukin 10, concentrations of this cytokine revealed general
variation [ANOVA (7.62) = 2.15, p < 0.05] (Fig. 3). The concentra-
tion of IL-10 in the group of stressed animals was insignificantly
decreased (S + V) in comparison with the non-stressed control
 and single lipopolysaccharide (LPS) injection (100 mg/kg ip) on the concentration of

ro injectione; S + V + LPS – stressed rats receiving aqua pro injectione + LPS; S + M –

K + V – non-stressed rats receiving aqua pro injectione (control); K + V + LPS – non-

 mianserin; K + M + LPS – non-stressed rats receiving mianserin + LPS; ^vs. S + V,



Fig. 2. The influence of chronic (21 days) mianserin (10 mg/kg ip, 2� daily) administration and single lipopolysaccharide (LPS) injection (100 mg/kg ip) on the concentration of

IL-6 in the blood of stressed and non-stressed rats. S + V – stressed rats receiving aqua pro injectione; S + V + LPS – stressed rats receiving aqua pro injectione + LPS; S + M –

stressed rats receiving mianserin; S + M + LPS – stressed rats receiving mianserin + LPS; K + V – non-stressed rats receiving aqua pro injectione; K + V + LPS – non-stressed rats

receiving aqua pro injectione + LPS; K + M – non-stressed rats receiving mianserin; K + M + LPS – non-stressed rats receiving mianserin + LPS; +vs. S + V, p < 0.001; ^vs. S + V,

p < 0.05; *vs. S + V + LPS, p < 0.001; Ovs. K + V, p < 0.05; #vs. K + V + LPS, p < 0.001.

Fig. 3. The influence of chronic (21 days) mianserin (10 mg/kg ip, 2� daily) administration and single lipopolysaccharide (LPS) injection (100 mg/kg ip) on the concentration of

IL-10 in the blood of stressed and non-stressed rats. S + V – stressed rats receiving aqua pro injectione; S + V + LPS – stressed rats receiving aqua pro injectione + LPS; S + M –

stressed rats receiving mianserin; S + M + LPS – stressed rats receiving mianserin + LPS; K + V – non-stressed rats receiving aqua pro injectione; K + V + LPS – non-stressed rats

receiving aqua pro injectione + LPS; K + M – non-stressed rats receiving mianserin; K + M + LPS – non-stressed rats receiving mianserin + LPS; *vs. S + V, p < 0.05; #vs.

S + V + LPS, p < 0.001.
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group (K + V). A single administration of LPS caused an increase in
IL-10 concentration in the stressed animals (S + V + LPS) in
comparison with the non-stressed control group (K + V + LPS),
but this difference was not statistically significant. There was a
statistically significant difference (p < 0.05) in the levels of IL-10
between the stressed group with LPS (S + V + LPS) and proper
control animals (S + V). Chronic administration of mianserin
(S + M) had no effect on the IL-10 level when compared with
the proper control (S + V). Moreover, in stressed animals treated
with mianserin and LPS (S + M + LPS), mianserin protected the
animals against the effects of LPS injection (S + M + LPS vs.
S + V + LPS, p < 0.001) by lowering the concentration of IL-10 to
the same level as found in the mianserin-treated animals (S + M)
(p > 0.05). In the case of non-stressed animals, LPS caused an
increase in IL-10 levels (K + V + LPS vs. K + V, p > 0.05). Mianserin
treatment led to a decrease in the IL-10 level, however, the
difference did not reach a statistically significant level in either the
group with a single dose of LPS (K + M + LPS vs. K + V + LPS,
p > 0.05) or in that without the administration of a stressor (K + M
vs. K + V, p > 0.05).

Discussion

In the present study, a model of chronic mild stress (CMS) was
performed, which is one of the commonly used in animal models of
affective unipolar disorder [41]. A decrease in the 1% saccharose
intake was observed from the fifth week of examination in stressed
animals when compared with a non-stressed control group. This
led to the conviction that the animals under stress displayed a state
similar to anhedonia, the main symptom of depression. A 21 days
administration of the antidepressant drug mianserin twice a day at
a dose of 10 mg/kg caused an increase in 1% saccharose
consumption after three weeks. Therefore, it can be stated that
mianserin reversed the state of anhedonia in this model, which is
similar to the results received by Rygula et al. [35]. These resulting
changes obtained after three weeks in the state of anhedonia were
reminiscent of the action of classical tricyclic antidepressants [21]
or SSRIs [3,19].

The results of this research revealed significantly elevated
levels of TNFa in groups of animals under chronic mild stress
compared to non-stressed control groups, and also in the case of
animals subjected to acute stress caused by LPS. The unquestion-
able effect of elevated IL-6 levels occurred in groups of animals
after a single LPS injection. There was no such effect in groups of
animals without the administration of lipopolysaccharide. It is
possible that chronic mild stress does not affect significantly the
concentration of IL-6. The results connected with increases in the
levels of pro-inflammatory cytokines like TNFa and IL-6 in rats
with anhedonia, which is one of the main symptoms of depression,
are consistent with the reports of other authors [9,10,42]. There
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are many analogies between acute stress reaction and acute
inflammatory reaction revealed in immunological responses,
increasing concentrations of proinflammatory cytokines, e.g.

TNFa, IL-1, IL-6, IL-8, IL-18 or acute phase proteins [14]. These
acute stress reactions in most cases increased immunological
response, but chronic stress could have caused the decrease in this
response [31].

The present research revealed that chronic mild stress caused
no significant changes in the level of IL-10 in animals, which is
similar to clinical results obtained by O’Brien, who noticed in
patients with depression changes in pro-inflammatory cyto-
kines, but not in IL-10 [33]. However, the use of LPS led to an
increase in the IL-10 level, especially in the stressed group of
animals, which confirms that lipopolysaccharide is a cytokine
inducer [4,7,16,17].

Our results showed that the administration of mianserin caused
a normalization of TNFa levels in stressed animals. These results
are similar to those presented by Connor, who noticed this effect
after desipramine [8]. Similarly, Brustolim et al. noticed this effect
after administration of another antidepressant drug, bupropion, in
mice [2]. Kaster et al. observed the shortening of TNFa-prolonged
immobility time after administration of fluoxetine, imipramine
and desipramine. They also noticed the inhibition of cytokine
production [20]. Results of other studies showed that after
stimulation by LPS and the application of imipramine, the
synthesis and release of TNFa and IL-6 were significantly
decreased [42]. In the present study, the level of IL-6 was
increased, especially in groups of animals subjected to LPS, which
is consistent with the results of other authors [5,6,12]. We found
that the administration of mianserin caused a reduction in the
levels of this immunological factor in stressed groups of animals
with LPS combined treatment. Generally, it can be stated that
chronic mianserin administration protected both stressed and
non-stressed animals against the activity of an acute stressor,
represented by LPS, since in the presence of mianserin LPS did not
produce stimulatory activity expressed in an elevation of TNF and/
or IL-6 levels. These results are in line with studies on the activity of
fluoxetine [38] or amitriptiline [24] in which the authors showed
that the drugs led to normalization of IL-6 concentrations in the
blood of depressed patients. Similarly, the protective role of
mianserin was shown in the case of IL-10 concentrations after LPS
injection in stressed animals, whereas there was no such effect was
observed in non-stressed animals.

The results concerning influence of mianserin on the IL-10
level are not in line with the studies of other authors. They found
that after administrations of many drugs from the selective
serotonine reuptake inhibitors (SSRIs), the levels of IL-10 were
significantly decreased [1,13,18,25]. However, Kubera and cow-
orkers noticed that after desipramine administration, the
concentration of IL-10 was elevated [23]. Therefore, it can be
speculated that the effect of chronic mianserin administration on
the IL-10 level observed in this paper is due to a different, unique
mechanism of action when compared with SSRIs and typical
tricyclic antidepressant activity.

In conclusion, the obtained results regarding the protective role
of the activity of mianserin on cytokine levels, especially in
stressed animals, are interesting, but to explain such a mechanism
of action, more detailed studies are necessary.

Conflict of interest

No conflict of interest.

Funding

No funding body.
Acknowledgment

Authors wish to thank Jelfa SA for complimentary delivering
mianserin hydrochloride for this project.

References

[1] Basterzi AD, Aydemir C, Kisa C, Aksaray S, Tuzer V, Yazici K, et al. IL-6 levels
decrease with SSRI treatment in patients with major depression. Hum Psy-
chopharmacol Clin Exp 2005;20:473–6.

[2] Brustolim D, Ribeiro-dos-Santos R, Kast RE, Altschuler EL, Soares MBP. A new
chapter opens in anti-inflammatory treatments: the antidepressant bupropion
lowers production of tumor necrosis factor-alpha and interferongamma in
mice. Int Immunopharmacol 2006;6:903–7.

[3] Casarotto PC, Andreatini R. Repeated paroxetine treatment reverses anhedonia
induced in rats by chronic mild stress or dexamethasone. Eur Neuropsycho-
pharmacol 2007;17:735–42.

[4] Castanon N, Leonard BE, Neveu P, Yirmiya R. Effects of antidepressants on
cytokine production and actions. Brain Behav Immun 2002;16:569–74.

[5] Castanon N, Medina Ch, Mormede C, Dantzer R. Chronic administration of
tianeptine balances lipopolysaccharide-induced expression of cytokines in the
spleen and hypothalamus of rats. Psychoneuroendocrinology 2004;29:778–
90.

[6] Clow A. Cytokines and depression. Int Rev Neurobiol 2002;52:255–72.
[7] Connor TJ, Brewer Ch, Kelly JP, Harkin A. Acute stress suppresses pro-inflam-

matory cytokines TNF-a and IL-1h independent of a catecholamine-driven
increase in IL-10 production. J Neuroimmunol 2005;159:119–28.

[8] Connor TJ, Harkin A, Kelly JP, Leonard E. Olfactory bulbectomy provokes a
supperession of interleukin-1b and tumor necrosis factor-a production in
response to an in vivo challenge with lipopolysaccharide: effect of chronic
desipramine treatment. Neuroimmunomodulation 2000;7:27–35.

[9] Connor TJ, Leonard E. Depression, stress, and immunological activation: the
role of cytokines in depressive disorders. Life Sci 1998;62:583–606.

[10] Connor TJ, Song C, Leonard E, Merali Z, Anisman H. An assessment of the effects
of central interlukin-1b, -2, -6, and tumor necrosis factor-a administration on
some behavioral, neurochemical, endocrine, and immune parameters in the
rat. Neuroscience 1998;84:923–33.

[11] Dantzer R, O’Connor JC, Lawson MA, Kelley KW. Inflammation-associated
depression: from serotonin to kynurenine. Psychoneuroendocrinology
2011;36:426–36.

[12] De La Garza IIR. Endotoxin- or pro-inflammatory cytokine-induced sickness
behavior as an animal model of depression: focus on anhedonia. Neurosci
Biobehav Rev 2005;29:761–70.

[13] Diamond M, Kelly JP, Connor TJ. Antidepressants suppress production of the
Th1 cytokine interferon-g, independent of monoamine transporter blockade.
Eur Neuropsychopharmacol 2006;16:481–90.

[14] Elenkov IJ, Iezzoni DG, Daly A, Harris AG, Chrousos GP. Cytokine dysregula-
tion, inflammation and well-being. Neuroimmunomodulation 2005;12:
255–69.

[15] Eller T, Vasar V, Shlik J, Maron E. Pro-inflammatory cytokines and treatment
response to escitalopram in major depressive disorder. Prog Neuropsycho-
pharmacol Biol Psychiatry 2008;32:445–50.

[16] Ethika Tyagi E, Agrawal R, Nath Ch, Shukla R. Influence of LPS-induced
neuroinflammation on acetylcholinesterase activity in rat brain. J Neuroim-
munol 2008;205:51–6.

[17] Henry Ch J, Huang Y, Wynne AM, Godbout JP. Peripheral lipopolysaccharide
(LPS) challenge promotes microglial hyperactivity in aged mice that is
associated with exaggerated induction of both pro-inflammatory IL-1b
and anti-inflammatory IL-10 cytokines. Brain Behav Immun 2009;23:309–
17.

[18] Hernández ME, Mendieta D, Martı́nez-Fong D, Lorı́a F, Moreno J, Estrada I, et al.
Variations in circulating cytokine levels during 52 week course of treatment
with SSRI for major depressive disorder. Eur Neuropsychopharmacol
2008;18:917–24.

[19] Jayatissa MN, Bisgaard Ch, Tingstro A, Papp M, Wiborg O. Hippocampal
cytogenesis correlates to escitalopram-mediated recovery in a chronic mild
stress rat model of depression. Neuropsychopharmacology 2006;31:2395–
404.

[20] Kaster MP, Gadotti VM, Calixto JB, Santos ARS, Rodrigues ALS. Depressive-like
behavior induced by tumor necrosis factor-a in mice. Neuropharmacology
2012;62:419–26.

[21] Kubera M, Symbirtsev A, Basta-Kaim A, Borycz J, Roman A, Papp M, et al. Effect
of chronic treatment with imipramine on interleukin 1 and interleukin 2
production by splenocytes obtained from rats subjected to a chronic mild
stress model of depression. Pol J Pharmacol 1996;48:503–6.

[22] Kubera M, Lin AH, Kenis G, Bosmans E, van Bockstaele D, Maes M. Anti-
inflammatory effects of antidepressants through suppression of the interfer-
on-gamma/interleukin-10 production ratio. J Clin Psychopharmacol 2001;21:
199–206.

[23] Kubera M, Maes M, Holan V, Basta-Kaim A, Roman A, Shani J. Prolonged
desipramine treatment increases the production of interleukin-10, an antiin-
flammatory cytokine, in C57BL/6 mice subjected to chronic mild stress model
of depression. J Affect Disord 2001;63:171–8.

http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0005
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0005
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0005
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0010
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0015
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0015
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0015
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0020
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0020
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0025
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0025
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0025
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0025
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0030
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0035
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0040
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0045
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0045
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0050
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0055
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0055
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0055
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0060
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0060
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0060
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0065
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0070
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0070
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0070
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0075
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0080
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0080
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0080
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0085
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0090
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0095
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0100
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0105
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0110
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0110
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0110
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0110
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0115
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0115
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0115
http://refhub.elsevier.com/S1734-1140(14)00005-X/sbref0115


K. Manikowska et al. / Pharmacological Reports 66 (2014) 22–27 27
[24] Lanquillon S, Krieg JC, Bening-Abu-Shach U, Vedder H. Cytokine production
and treatment response in major depressive disorder. Neuropsychopharma-
cology 2000;22:370–9.

[25] Leo R, Di Lorenzo G, Tesauro M, Razzini C, Forleo GB, Chiricolo G, et al.
Association between enhanced soluble CD40 ligand and proinflammatory
and prothrombotic states in major depressive disorder: pilot observations
on the effects of selective serotonin reuptake inhibitor therapy. J Clin Psychia-
try 2006;67:1760–6.

[26] Leonard BE. The immune system, depression and the action of antidepres-
sants. Prog Neuropsychopharmacol Biol Psychiatry 2001;25:767–80.

[27] Leonard BE, Maes M. Mechanistic explanations how cell-mediated immune
activation, inflammation and oxidative and nitrosative stress pathways and
their sequels and concomitants play a role in the pathophysiology of unipolar
depression. Neurosci Biobehav Rev 2012;36:764–85.

[28] Maes M, Kenis G, Kubera M, De Baets M, Steinbusch H, Bosmans E. The
negative immunoregulatory effects of fluoxetine in relation to the cAMP-
dependent PKA pathway. Int Immunopharmacol 2005;5:609–18.
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