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Abstract
Background: Pro-inflammatory cytokines are implicated in depression caused by both environ-

mental- and alcohol-induced stress. The purpose of the study was to investigate the cytokine levels

in serum and hippocampus following induction of depression-like behaviors (DLB) by either forced
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swimming test (FST) or ethanol-induced DLB (EID). We also investigated the effect of prior

administration of antidepressant drug fluoxetine on cytokines in animals exposed to both models

of DLB. Methods: Animals were pretreated with fluoxetine before inducing DLB, while DLB was

induced in some animals using FST and ethanol in different groups of rats without fluoxetine pre-

treatment. The ELISA was used to detect changes in cytokine (IL-1β, IL-6, and TNF-α) levels in
serum and hippocampus. Results: The mean levels of IL-1β and IL-6 measured in serum and

hippocampus were significantly higher in FST and EID models when compared to the control

group. The serum concentrations of IL-1β and IL-6 were significantly reduced in animals pre-trea-

ted with 5 mg/kg and 10 mg/kg of fluoxetine in both FST and EID models when compared to the

untreated FST and EID groups respectively. Conclusions: In conclusion, both environment and

alcohol can induce stress and DLB in rats with similar intensity, and their mechanisms of DLB

induction involve activation of pro-inflammatory cytokines. Moreover, fluoxetine can prevent

stress-induced inflammation in models of DLB.
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Introduction

Cytokines like IL-1. IL-6, and IFN-γ have been shown in human and experimental
animals to produce behavioral changes and symptoms similar to those found in depres-
sion, such as anorexia, inability to feel pleasure, withdrawal from social situations, weight
loss, irritability, lack of energy, and sleep disorders1–3 Depression is a significant global
public health concern with over 268 million people of all ages living with the disease.4

Depression is a mental disorder that presents with low mood, loss of interest or pleasure,
feelings of guilt or low self-worth, disturbed sleep, appetite, low energy, poor concentra-
tion and suicidal attempts.5 High rates of suicidal attempts and tragic fatality associated
with the loss of about 850,000 lives every year have been reported to be related to severe
depression.6,7 Although depression affects millions, limited studies have been conducted
on the prophylactic approach to its treatment. Several factors precipitate depressive
behavior from physical, emotional or environmental (external) stressors such as fatigue,
occupational hazards, loss of loved ones or internal stressors, like diseases, inflamma-
tion8–10 and alcohol especially in genetically-predisposed individuals.11

Ethanol increases levels of reactive oxygen species (ROS), which diminish cellular
detoxification and repair capacity causing oxidative stress.12,13 Oxidative stress is an
imbalance between the cellular production of ROS and the counteracting antioxidant
mechanisms, which leads to the damage of cellular macromolecules.14 The ROS gener-
ated in oxidative stress following alcohol intake include abnormal malondialdehyde
(MDA), 8-F2-isoprostane (8-iso-PGF2α) levels, protein carbonyl (PC), 8-hydroxy-2-
deoxyguanosine (8-OHdG) and 8-oxo-7, 8-dihydroguanosine (8-oxoGuo).15,16 Oxidative
stress activates the immune-inflammatory pathways where pro-inflammatory cytokines
are released.1,16 Pro-inflammatory cytokines; Interleukin (IL) −1β, IL-6 and tumor necrosis
factor (TNF) α, are associated with the pathogenesis of depression.17

It has also been reported that psychological stress can translate into immune system acti-
vation and release of pro-inflammatory cytokines, through a process termed “sterile inflam-
mation”.18,19 In sterile inflammation, the immune system can detect danger signals in the
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absence of a pathogen through the release of danger-associated molecular patterns
(DAMPs) and microbial-associated molecular patterns (MAMPs).20,21 The DAMPS are
released during stress and elicit an immune response through the nucleotide-binding oligo-
merisation (NOD)-, leucine-rich repeat (LRR)- and pyrin domain-containing protein 3
(NLRP3) inflammasome.20,22 On the other hand, whenMAMPs are released, they activate
NF-κB, which in turn stimulates the release of pro-IL-1β.20 The DAMPs stimulate the
inflammasome to activate caspase-1, which cleaves pro-IL-1beta into its mature IL-1β.21,22

Active IL-1β stimulates the synthesis of IL-6 and TNF-α to potentiate its effects.20

Ethanol induces depression by causing oxidative stress.13 Alcohol-induced oxidative
stress is mediated by cellular stress proteins called heat shock proteins (HSPs).22 HSPs,
particularly HSP 70 (also known as hsp72) and HSP 90, play a prominent role in inflam-
matory responses through their interaction with the immune signaling pathways.23 HSP
90 activity is required for constitutive and inducible IκB kinase (IKK) and NF-κB acti-
vation, and increased pro-inflammatory cytokine production whereas HSP 70 inhibits
intranuclear accumulation of NF-κB and prevents amplification of the inflammatory
response.23 Despite evidence that IL-1β, IL-6 and TNF-α play a pivotal role during the
pathogenesis of depression, limited information is available on variation in their levels
when depression is induced by environmental stressors or ethanol.

Fluoxetine is a selective serotonin reuptake inhibitor that is commonly prescribed for
the treatment of major depression due to its safer profile, few side effects, and greater tol-
erability. Its neuroprotective function against microglial activation due to neurotoxicity in
neurons24 and anti-oxidant property against stress-induced oxidative cell damage25,26

have been reported. A possible antidepressant mechanism of fluoxetine is by decreasing
depression-associated elevation of cytokines, e.g. IL-1β, IL-6, and TNF-α.27 However, it
has been reported that fluoxetine increases inflammatory cytokines and inflammasome
activities in an enriched condition while decreasing these parameters in stressful condi-
tions,28,29 suggesting that a pro- or anti-inflammatory effect of fluoxetine is possible,
depending on the prevailing condition.

It is not presently understood if fluoxetine can prevent or ameliorate inflammation in
either the environmental- or alcohol-induced stress model of depression. In this study, we
compared serum and hippocampal cytokine levels in environmental- and alcohol-induced
stress models of depression-like behaviors (DLB) in Wistar rats. Also, we investigated if
pre-treatment with fluoxetine will prevent a DLB-induced increase in inflammation in
rats. Information from this study will enable us to know if fluoxetine can prevent inflam-
matory response to stress-induced DLB. This study is the first to examine if fluoxetine
will prevent an increase in pro-inflammatory cytokines induced by different stress
models of DLB. We hypothesize that fluoxetine will abolish the stress-induced increase
in pro-inflammatory cytokines in animal models of DLB.

Materials and methods

Experimental animals

A group of 54 male Wistar rats with median age and weight of 15.4 weeks and 157.3 g
respectively were used for the study. Animals were housed under standard laboratory
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conditions at 24± 2°C, exposed to 12-h light-dark cycles (light from 7.00 h to 19:00 h) and
had ad libitum access to food and water.

Experimental procedure

Two experiments were done with DLB induced using animal stress models as previously
described by Petit-Demouliere et al.30 and Nagy.31 Animals were divided into seven
groups. Group I served as the control (n= 6 rats), and the rats in this group were not
exposed to any method of stress. Groups II - IV (n= 8 rats each) were exposed to
DLB using a forced-swimming test (FST) as described by Petit-Demouliere et al.30

However, groups III and IV were pre-treated with 5 and 10 mg/kg fluoxetine
(Medreich PLC, UK) respectively before induction of DLB with FST. Groups V – VII
were exposed to DLB using ethanol in different groups of rats as described by Nagy31

respectively. Similarly, groups VI and VI were pre-treated with 5 and 10 mg/kg fluoxet-
ine respectively before induction of DLB with ethanol. Inflammatory cytokine levels
(IL 1β, IL 6 and TNFα) were determined in serum and hippocampus in both models.

External stress – induced DLB. External stress was induced in groups II - IV using FST as
elaborately explained by Fraga-Junior.32 Briefly, FST was done by immersing rats indi-
vidually in a transparent bucket (30 cm in diameter× 60 cm high) containing water
(25°C) to a depth of 20 cm from which they couldn’t escape and couldn’t touch the
bottom. The induction process was done in two sessions, the first session was done for
15 min, and the second session was done after 24 h, for five minutes. The movements
of the rats were observed in the 5-min session; rats initially swam energetically but grad-
ually became immobile; floating in the water with minimum movements of paws and legs
to keep their head above the water level; which are the behavioral signs of DLB for FST.
At the end of stress induction, the rats were anesthetized using 60 mg/kg of sodium pento-
barbital intraperitoneally, and then placed in the stereotaxic frame.

Ethanol – induced DLB. Ethanol– induced DLB model as elaborately explained by Kesic
and Fraga-Junior32,33 was used for this model. Briefly, ethanol (0.07 g/kg) was injected to
the rats intraperitoneally and 30 min after the administration, they were anesthetized
using 60 mg/kg of sodium pentobarbital, also intraperitoneally, and then placed in the
stereotaxic frame. Animals in the control group were similarly anesthetized using
60 mg/kg of sodium pentobarbital, also intraperitoneally, and then placed in the stereo-
taxic frame but without prior exposure to ethanol.

Administration of fluoxetine in animals. Our choice of two doses of fluoxetine (5 and
10 mg/kg) was inspired by a previous report of Kostadinov et al. (2015)34 that established
dose-dependent alterations in the depression-associated behavior and neural plasticity
in female mice following administration of 5 and 10 mg/kg fluoxetine. We adopted
these same doses in this study to see whether the possible anti-depression and anti-
inflammatory effect of fluoxetine would also show any dose-dependence as previously
noted by Kostadinov et al. (2015).
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In both experiments, antidepressant, Fluoxetine was administered as a pre-treatment to
the animals in groups III, IV, VI and VII.33,35 In the FST model, both treatment doses were
administered three times as follows: the first dose was administered immediately after the
first FST session, the second dose was given 4 h after the first dose and the last dose was
given 30 min before the last session of induction of FST. For the ethanol model, both treat-
ment doses were administered two times as follows: the first and the second doses of fluox-
etine were administered at 30-min intervals, i.e. before administration of ethanol.

Sample collection. At the end of both models of stress induction, the rats were anesthetized
using 60 mg/kg sodium pentobarbital. Blood from each animal was collected in a non-
heparinized bottle through cardiac puncture. Serum was separated from blood by centri-
fugation at 4°C and 3000 rpm for 15 min and stored −20°C until analysis and each animal
was decapitated and its brain was removed quickly from the skull; briefly washed in ice
cold saline, and laid on cooled (4°C) metal plate.

The brain was dissected on iced plate to separate the hippocampus, and homogenized,
contents washed out with a buffer and stored at −80°C, elaborately explained by.36

Briefly, the hippocampi tissues were homogenized in ice-cold lysis buffer containing
HEPES 25 mM, pH 7.4, 3-[(3-cholamidopropyl) dimethyl-ammonio]1-propanesulfonate
0.1%, MgCl2 5 mM, EDTA 1.3 mM, EGTA 1 mM, 10 μg/mL pepstatin, aprotinin, and
leupeptin, and 1 mM PMSF. The homogenates were centrifuged (15 min at 50,000 rpm)
and stored at −80°C until analysis. The control animals from Group 1 were similarly
treated but without prior exposure to stress.

Cytokine assay

Inflammatory cytokines’ (IL-6, IL-1β and TNF-α) levels in serum and hippocampi tissues
were quantified using an antibody capture ELISA, elaborately explained by.37 For each
cytokine, 96-well microplates were coated with recombinant capture antibody, i.e. either
IL-6, IL-1β, and TNF-α (BD OptEIA™, UK) in a dilution of 1:250 in the coating buffer
(0.1 M sodium bicarbonate pH 9.5). Plates were covered with aluminum foil and incu-
bated overnight at room temperature. Unbound antibody was washed off with 100 µl
phosphate buffered saline (PBS), (pH 7.0), containing 0.05% (v/v) Tween 20. The
plates were then incubated with the assay samples in triplicate (serum or hippocampus)
and incubated for one hour at room temperature. The plates were washed using 200 µl
PBS with 0.05% tween-20. After washing three times, the plates were coated with 100 µl
of the secondary antibody Biotinylated Anti-human cytokines i.e. IL-10, IL-6, IL-1β,
TNF-α, and IFN-γ. After thorough washing, the substrate solution (Tetramethylbenzidine,
BD pharmigen™, UK) was added to each well and the reaction was stopped after 30 min
by the addition of 2 M H2SO4. Plates were read using a microplate reader (BioTek®,
UK) at 450 nm.

Statistical analyses

All data were expressed as mean± SEM because the data passed the Kolmogorov-
Smirnov normality test. Statistical analysis was performed using GraphPad Prism
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version 6. The effect of DLB on serum and hippocampal cytokine levels and the effect of
fluoxetine on pro-inflammatory cytokines were analyzed using a one-way ANOVA, fol-
lowed by Tukey’s multiple comparison test. Similarly, comparisons between the 2 DLB
models were done using a T-test. In all cases, differences between groups were consid-
ered significant at p < 0.05.

Ethical considerations

The Food and Drug Authority (FDA) and OECD guidelines for testing of chemicals in
laboratory animals were strictly adhered to. The study was approved by Mbarara
University of Science & Technology, Research Ethics Committee with an approval
number 05/03-14. Animals were acclimatized to laboratory conditions and weighed
daily before the experiment. All efforts were used to minimize both suffering and the
number of animals used. They were treated humanely as per the National Academy of
Sciences guidelines and sacrificed under sodium pentobarbital, at the end of the
experiment.

Results

To determine whether serum pro-inflammatory cytokines are up-regulated in DLB, the
mean concentrations of IL-1β, IL-6 and TNF-α in the serum and hippocampus of rats
were compared between the DLB models and the normal control. In order to establish
whether pre-treatment of animals with fluoxetine before inducing DLB would have an
effect on inflammatory markers, the mean concentrations of IL-1β and IL-6 in the
serum and hippocampus of pre-treated and untreated animals were analyzed in the two
stress models.

Fluoxetine attenuates stress-induced increase in serum pro-inflammatory
cytokines in rats exposed to depression-like behaviors

The mean serum concentration of IL-1β was significantly higher (p < 0.05) in FST
(4715.4± 126.2 pg/ml) than control (3321.1± 164.7 pg/ml), but was significantly
reduced (p < 0.05) in animals pre-treated with 5 mg/kg (3942.1± 288.9 pg/ml) and
10 mg/kg (3500.2± 158.4 pg/ml) of fluoxetine when compared to untreated FST group
(4715.4± 126.2 pg/ml). Similarly, the mean serum concentration of IL-6 was signifi-
cantly higher (p< 0.05) in FST (4319.1± 211.5 pg/ml) than control (3561.3± 233.8
pg/ml) but was significantly reduced (p < 0.05) in animals pre-treated with 5 mg/kg
(3950.4± 260.8 pg/ml) and 10 mg/kg (2755.1± 162.3 pg/ml) of fluoxetine when com-
pared to untreated FST group (4319.1± 211.5 pg/ml). However, the serum concentration
of TNF-α did not change (p> 0.05) across the experimental groups (Figure 1).

The pattern of the result in the EID model was similar to that of the FST model. The
mean serum concentration of IL-1β was significantly higher (p < 0.05) in EID (4819.3±
154.8 pg/ml) than control (3321.1± 164.7 pg/ml) but was significantly reduced (p< 0.05)
in animals pre-treated with 5 mg/kg (3920.4± 291.9 pg/ml) and 10 mg/kg (3242.2±
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331.6 pg/ml) of fluoxetine when compared to untreated EID group (4819.3± 154.8 pg/ml).
Similarly, the mean serum concentration of IL-6 was significantly higher (p < 0.05) in
EID (4997.2± 72.9 pg/ml) than control (3561.3± 233.8 pg/ml) but was significantly
reduced (p < 0.05) in animals pre-treated with 5 mg/kg (3322.4± 110.2 pg/ml) and
10 mg/kg (3395.1± 345.2 pg/ml) of fluoxetine when compared to untreated EID group
(4297.2± 72.9 pg/ml). However, the serum concentration of TNF-α did not change
(p> 0.05) across the experimental groups (Figure 2).

Fluoxetine attenuates stress-induced increase in hippocampal pro-inflammatory
cytokines in rats exposed to depression-like behaviors

The mean hippocampal concentration of IL-1β was significantly higher (p< 0.05) in FST
(4715.0± 126.2 pg/ml) than control (4030.2± 194.5 pg/ml), but was significantly
reduced (p < 0.05) in animals pre-treated with 5 mg/kg (3360.4± 59.9 pg/ml) and
10 mg/kg (2982.4± 42.9 pg/ml) of fluoxetine when compared to untreated FST group
(4715.0± 126.2 pg/ml). Similarly, the mean hippocampal concentration of IL-6 was sig-
nificantly higher (p < 0.05) in FST (4005.4± 380.7 pg/ml) than control (2460.3± 190.3
pg/ml) but was significantly reduced (p < 0.05) in animals pre-treated with 5 mg/kg
(4034.4± 174.3 pg/ml) and 10 mg/kg (2416.2± 142.9 pg/ml) of fluoxetine when com-
pared to untreated FST group (4005.4± 380.7 pg/ml). However, the hippocampal con-
centration of TNF-α did not change (p > 0.05) across the experimental groups (Figure 3).

Figure 1. Effect of fluoxetine on serum cytokines in rats exposed to FST-induced depression-like

behavior. FST, forced swimming test; *p< 0.05 vs. control; @p< 0.05 vs. FST; IL-1β, interleukin-1
beta; IL-6, interleukin 6; TNF-α, tumor necrotic factor – alpha.
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Figure 2. Effect of fluoxetine on serum cytokines in rats exposed to EID-induced depression-like

behavior. EID, ethanol-induced depression-like behavior model; *p< 0.05 vs. control; @p< 0.05 vs.

EID; IL-1β, interleukin-1 beta; IL-6, interleukin 6; TNF-α, tumor necrotic factor – alpha.

Figure 3. Effect of fluoxetine on hippocampal cytokines in rats exposed to FST-induced depression-

like behavior. FST, forced swimming test; *p<0.05 vs. control; @p<0.05 vs. FST; IL-1β, interleukin-1
beta; IL-6, interleukin 6; TNF-α, tumor necrotic factor - alpha.

8 Science Progress 107(1)



The pattern of the result in the EID model was similar to that of the FST model. The
mean hippocampal concentration of IL-1β was significantly higher (p< 0.05) in EID
(4819.4± 154.8 pg/ml) than control (4030.2± 194.5 pg/ml) but was significantly
reduced (p < 0.05) in animals pre-treated with 5 mg/kg (3535.2± 78.3 pg/ml) and
10 mg/kg (3131.1± 133.1 pg/ml) of fluoxetine when compared to untreated EID group
(4819.4± 154.8 pg/ml). Similarly, the mean hippocampal concentration of IL-6 was sig-
nificantly higher (p< 0.05) in EID (3680.1± 237.7 pg/ml) than control (2460.3± 190.3
pg/ml) but was significantly reduced (p < 0.05) in animals pre-treated with 5 mg/kg
(2572.2± 634.10 pg/ml) and 10 mg/kg (3123.3± 394.1 pg/ml) of fluoxetine when com-
pared to untreated FST group (3680.1± 237.7 pg/ml). However, the hippocampal con-
centration of TNF-α did not change (p > 0.05) across the experimental groups (Figure 4).

Comparison between cytokine levels in forced swimming test and EID models

In order to identify which mouse model would induce DLB better, we compared the mean
concentrations of IL-1β and IL-6 in the serum and hippocampus in the two models.
The results showed that the mean cytokine levels did not significantly differ (p > 0.05)
across the two models (Figure 5).

Discussion

Pro-inflammatory cytokines are a focal platform in the pathogenesis of depression in both
extrinsic and intrinsic oxidative stress-induced depression.38 An increase in the produc-
tion of pro-inflammatory cytokines like IL-1β, IL-6, and interferon-γ have been observed
in depression.2,13 However, scanty information is available regarding cytokine variations
in serum and hippocampus when depression or DLB is induced. Fluoxetine, an anti-
depressant drug with an anti-inflammatory activity,27 has been reported to decrease
TNFα, IL-1β and IL-6 levels in plasma of patients and in animal models of depression.39

Still, there is scanty information showing its effects on inflammatory cytokines when
administered before stress induction is available. In the current study, we determined
the cytokine levels in serum and hippocampus following induction of DLB by either
FST or EID. We also investigated the effect of prior administration of the antidepressant
drug fluoxetine on cytokines in male animals exposed to both models of DLB. Our
finding is similar to the previous report of Caiaffo and Huang et al.40,41 that found an
increase in the production of IL-1 and IL-2 in the supernatant of mitogen-stimulated sple-
nocyte cultures from rats submitted to the chronic stress depression model. Kostadinov
et al. (2015)34 also reported an increase in the mean concentration of IL-1β and IL-6
in blood and brain when they induced DLB using the tail shock stress method in rats.
The increase in the levels of IL-β and IL-6 observed in serum and hippocampus of
FST models is possible because psychological stress can induce their release through
sterile inflammation by activating the DAMPs and MAMPs pathways.20,22 In addition,
acute psychological stress increases ATP levels in the hippocampus resulting in P2X7
receptor dependent elevation of IL-1β, and subsequent release of TNFα and IL-6.42,43

Similarly, Cargnelutti et al.44 reported an increase in serum levels of IL-1β and IL-6
when rats were exposed to ethanol. In the same line, Gómez et al.45 reported an increase
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in hippocampus levels of IL-1β and IL-6 when rats were exposed to ethanol. The increase
in the levels of IL-1β and IL-6 observed in serum and hippocampus in EID models may
be due to the concentration of ethanol (18 mM) used in the study and the time (25 min) it
took in the body before the samples were harvested. Ethanol blood concentration of 0.07
g/dl used in the study is below the legal limits of alcohol blood concentration (0.08 g/dl),
this maintains high levels of HSP 90, the constitutive HSP which activates NF-κB23,46

The activated NF-kB stimulates the release of pro-IL-1β, which is then cleaved by
caspase-1 into mature IL 1β.23 Active IL-1β stimulates the synthesis of IL-6 to potentiate
its effects.20

The study showed no significant increase in the level of TNF-α across all the experi-
ments as compared to the controls both in serum and hippocampus. On the contrary, Liu
et al.46 and Yang et al.47 reported an increase in the levels of TNF-α in serum and hippo-
campus when the rats were exposed to chronic mild stress. In the same line, Gómez and
Fraga-Junior45,32 reported an increase in serum and hippocampus levels of TNF-α in rats

Figure 5. Comparison of serum and hippocampus levels of IL-1β and IL-6 in FST and EID models

of DLB. Graphs A & B reflect serum and hippocampal concentrations (pg/ml) of IL-1β respectively
while graphs C&D reflect serum and hippocampal concentrations (pg/ml) of IL-6, respectively. FST,

forced swimming test; EID, ethanol-induced depression-like behavior model; Hip, hippocampus.
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following ethanol administration respectively. Possibly by the time the samples were har-
vested, an insignificant amount of TNF-α had been released both in the serum and
hippocampus.

On comparison of IL-1β and IL-6 levels in FST and EID in serum and hippocampus,
the mean concentration of inflammatory markers did not significantly differ. The results
suggest that both extrinsic and intrinsic oxidative stress have equal chances of inducing
depression in an individual. This possibly implies that the two stressors cause depression
via the same pathways; which involves the activation of inflammasomes and NF-κB.19,48

A study had reported an anti-inflammatory effect of fluoxetine in carrageenan-induced
inflammation, and the study found that the anti-inflammatory response of fluoxetine was
comparable to that of standard anti-inflammatory drugs.27,40 Another study reported that
fluoxetine promotes a decrease in the production of IL-6, TNF-α, and nitric oxide in
microglia subjected to activation by lipopolysaccharide.49 The authors suggested that
fluoxetine’s anti-inflammatory mechanism is through a decrease in gene expression of
IL-6 and TNF-α mRNAs. In the present study, the animals pre-treated with 5 and
10 mg/kg of fluoxetine showed a significant decrease in the levels of IL-1β and IL-6 in
serum across the experiments. The study of Qiu et al.50 also reported a decrease in
levels of IL-1β and IL-6 in the serum of humans pre-treated with antidepressants
before inducing major depression. This suggests that an inflammatory pathway is impli-
cated in the induction of DLB by both stress models used in this study, but we are not sure
of any influence of the sex of animals since we used only male animals. The IL-6 and
IL-1β levels significantly reduced in EID models in serum is possible because fluoxetine
inactivates nuclear factor kappaB (NF-κB), a significant inflammatory signaling molecule
that is activated by ethanol to stimulate the synthesis of pro-IL-1β.49,51 This finding is
related to the previous observation of Park et al.49 that fluoxetine inhibits the activation
of NF-κB and the phosphorylation of mitogen-activated protein kinase, an important
cytokine in the pro-inflammatory signaling pathway. It may thus be deduced that fluox-
etine prevents inflammation induced by FST and EID models of DLB through suppres-
sion of the production of pro-inflammatory cytokines.

In the hippocampus, pretreatment with 5 mg/kg fluoxetine abolished an increase in
IL-1 β in FST and EID models but only decreased IL-6 in the EID model of DLB.
Moreover, pretreatment with 10 mg/kg fluoxetine decreased IL-1 β in FST and EID
models of DLB but IL-6 in FST model of DLB only. While there is currently no available
data for comparison, it was previously reported that IL-1β plays a major role in neurogen-
esis in the hippocampus, thus inactivating NF-κB stimulated by ethanol has a significant
effect on its levels in the compartment.51 This possibly explains why we had a significant
decrease in IL-1β and not with IL-6 when the EID model was pretreated with 10 mg/kg of
fluoxetine in the hippocampus, but the dose may still be appropriate for prophylaxis
against DLB.

There was no significant decrease in the levels of TNF-α on pretreatment of the models
with both 5 and 10 mg/kg of fluoxetine in serum and hippocampus. A study done by
Hannestad et al.52 also didn’t report any decrease in levels of TNF-α in serum of
humans pre-treated with antidepressants before inducing major depression. The effect
of fluoxetine on levels of TNF-αmay not be immediate, thus it may not be an appropriate
marker to establish a prophylactic dose against depression.
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This study has some limitations, which include a lack of corticosterone levels to estab-
lish levels of stress, a lack of molecular immunoblotting, RT-PCR and immunohisto-
chemistry assays of some inflammatory biomarkers that could have been more
confirmatory, and a lack of an assay of reactive oxygen species that could have estab-
lished the role of free radicals in the models. A lack of a sample size calculation could
also be another limitation. Our future studies would build on these limitations to
expand our understanding of the mechanisms anti-depressant and anti-inflammatory
effects of fluoxetine on stress-induced DLB.

Conclusion

Induction of DLB by both FST and EID significantly increases the mean concentrations
of IL-1β and IL-6 in serum and hippocampus of rats, which was attenuated by fluoxetine.
On comparison, there was no significant difference in serum and hippocampus levels of
IL-1β and IL-6 both in EID and FST. Possibly the two stress models cause depression via
the same pathway.
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