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Abstract
Rationale and objectives Cannabinoid receptor 2 (CB2R) signaling in the brain is associated with the pathophysiology of
depression. Sickness behavior, characterized by lessened mobility, social interaction, and depressive behavior, is linked with
neuroinflammation, oxidative stress, and immune system. The present study was aimed at evaluating 1-phenylisatin (PI), a CB2R
agonist, in sickness behavior.
Methods Influence of acute and 7-day activation of CB2R using PI in lipopolysaccharide (LPS)-induced sickness behavior was
assessed in mice. An acute injection of LPS (1.5 mg/kg) produced a fully developed sickness behavior in animals within 1 h of
administration. The behavioral paradigmwas assessed by open field test, forced swim test, and tail suspension test. Further, tumor
necrosis factor-α (TNF-α), antioxidant enzymes, and lipid peroxidation were measured in the brain to correlate neuroinflam-
mation and oxidative stress with sickness behavior. Both treatments, PI (20 mg/kg) and imipramine (15 mg/kg), were adminis-
tered orally (once for acute and once daily for 7-day protocols).
Results LPS elevated the brain TNF-α level, augmented oxidative stress, and induced the sickness behavior in mice. Acute and
7-day treatment of mice with PI significantly reduced the LPS-induced sickness behavior. In addition, PI inhibited the neuroin-
flammation evidenced by a reduction in brain TNF-α and oxidative stress.
Conclusion Our data propose that acute and long-term activation of CB2R might prevent neuroinflammation and oxidative
stress-associated sickness behavior.

Keywords Cannabinoid . Phenylisatin . Sickness behavior . Neuroinflammation . Oxidative stress . Depression

Introduction

The endocannabinoid system acts through two receptors, can-
nabinoid receptors 1 and 2, i.e., CB1R and CB2R respectively
(Howlett 2005; Pertwee et al. 2010). CB1Rs are G protein-
coupled receptors ubiquitously distributed in brain regions
like hippocampus, cortex, and basal ganglia. Interestingly,

CB2R is selectively expressed in conditions of neuroinflam-
mation (Lou et al. 2011; Benito et al. 2008). Increasing evi-
dence points towards the importance of CB2Rs in the brain,
where they are primarily located on the microglia and thereby
involved in neuro-immune modulation. Though the expres-
sion of CB2Rs in the neurons has been a topic of debate,
accruing proof and current research specify that CB2Rs in
dopaminergic neurons are involved in the pathogenesis of
psychosis, depression, and anxiety (Perdikaris et al. 2018;
Liu et al. 2017).

Recently, in MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) model of Parkinson’s disease, CB2R acti-
vation was shown to prevent the production of neurotoxic
mediators from glial cells and infiltration of peripheral im-
mune cells (Chung et al. 2016). In a transgenic mouse model
of Alzheimer’s disease and intracerebroventricular (ICV)
streptozotocin-induced dementia model, CB2R agonist has
been shown to alleviate cognitive deficits (Wu et al. 2017;
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Jayant et al. 2016). Further, in an animal model of schizophre-
nia, CB2R agonist potentiated hyperactivity (Kruk-Slomka
et al. 2017). Thus, in the present study, we pursued to explore
the effect of CB2 agonist, 1-phenylisatin (PI), on lipopolysac-
charide (LPS)-induced sickness behavior in mice.

LPS is a bacterial endotoxin primarily obtained from the
gram-negative bacteria which is widely used to study the ef-
fect of systemic endotoxemia and inflammatory response on
the tissue. When LPS is injected into the mice, it binds to the
endogenous receptor of LPS (CD14) and activates p38MAPK
resulting in the release of tumor necrosis factor-α (TNF-α) in
the periphery by NF-κB signaling (Bluthe et al. 2000; Mallik
et al. 2016). When the concentration of TNF-α increases in
the periphery, it crosses the BBB and thus activates NF-κB
signaling in the microglial cells. This results in the release of
pro-inflammatory cytokines and reactive oxygen species
(ROS) leading to increased oxidative stress (Varatharaj and
Galea 2017; Kurosawa et al. 2016). Increased oxidative stress
leads to neuroinflammation and neuronal cell death which
ultimately results in sickness type behavior and depression
(O’connor et al. 2009; Ren et al. 2018). We hypothesized that
treatment with PI might reduce neuroinflammation, thereby
ameliorates LPS-induced sickness behavior in mice.

Materials and methods

Animals

Male Swiss Albino mice (8–10 weeks, 20–30 g) were obtain-
ed from the inbred strains of Central Animal Research Facility
(CARF), Manipal Academy of Higher Education, India.
Institutional Animal Ethics Committee approved the experi-
mental protocol. The experiments were performed following
the CPCSEA guidelines. All the procedures were performed
under controlled laboratory conditions. Animals were main-
tained at controlled temperature, humidity, and 12-h day and
night cycle. Food and water were accessible ad libitum. Two
days before the experiment, mice were handled individually
daily for acclimatization.

Chemicals and reagents

All the chemicals used in the study were of analytical grade.
Lipopolysaccharide (Escherichia coli 0111:B4), 2-
thiobarbituric acid, l-glutathione reduced, 5,5-dithio-bis (2-
nitrobenzoic acid), and 1-phenylisatin were purchased from
Sigma-Aldrich Co. LLC (St . Louis , MO, USA).
Carboxymethyl cellulose, sodium dihydrogenphosphate an-
hydrous, disodium hydrogen phosphate anhydrous, and tri-
chloroacetic acid were obtained from Merck Millipore
Corporation (Merck KGaA, Darmstadt, Germany).

Drug treatments

Single-dose pre-treatment protocol

Animals were randomly assigned to four groups: group
I—vehicle + saline, group II—vehicle + LPS, group
III—imipramine + LPS, and group IV—PI + LPS. All
the treatments were given orally (p.o.) while LPS
(1.5 mg/kg) was administered intraperitoneally. Carboxy
methyl cellulose (CMC; 0.25%w/v) was given as vehicle
for both saline and LPS group at a dosing volume of
10 ml/kg. Imipramine + LPS group and PI + LPS group
were treated with imipramine (30 mg/kg) and PI
(20) mg/kg respectively 60 min before LPS challenge as
described in Fig. 1. Behavioral assays were performed with-
in 1–2 h of LPS administration and were video recorded. The
recorded data was analyzed by blind observers to reduce the
bias. Animals were sacrificed by cervical dislocation 3 h post
LPS injections, with brain samples rapidly isolated and stored
at − 20 °C until further estimations. Brains were homogenized
in cold phosphate buffer (0.1 M, 7.4 pH) for antioxidant and
cytokine estimations.

Seven-day pre-treatment protocol

For the 7-day pre-treatment study, animals were random-
ized and were assigned into four groups (n = 6) similar to
single-dose pre-treatment protocol. Saline and LPS groups
were administered with 0.25% w/v CMC for 7 days at a
dosing volume of 10 ml/kg. LPS was administered at a
dose of 1.5 mg/kg intraperitoneally on the 7th day of the
treatment. Imipramine + LPS and PI + LPS were treated
with imipramine (15 mg/kg) and PI (20 mg/kg) p.o. re-
spectively for 7 days. The selection of treatment doses
was based on our preliminary and published studies with
supporting literature evidence. The per-se treatments with-
in the doses used were found to be having no significant
effect (Teixeira et al. 2000; Kumar et al. 2014; Jayant
et al. 2016; Mallik et al. 2016). Therefore, the control
groups consisting of saline + PI and saline + imipramine
were not employed. On day 7, animals were treated with
LPS 60 min after the treatment schedule as described in
Fig. 1. Behavioral assays and sampling were as explained
in the BSingle-dose pre-treatment protocol^ section.

Open field test

Open field test (OFT) was performed to evaluate the effect of
treatment groups and LPS on locomotor activity of the ani-
mals. Locomotor activity was assessed inmice by individually
placing them into a clean, novel glass arena (30 × 30 × 60 cm)
at 150–200 lx. The open field arena was divided into nine
virtual quadrants (10 × 10 cm each). Parameters checked were
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the number of crossings, center square entries, groomings, and
rearings over a period of 6 min (Mallik et al. 2016).

Forced swim test

Effect of LPS and treatments on the behavioral despair of the
animals was assessed by forced swim test (FST). The mice
were placed individually in a square glass container (30 ×
30 × 60 cm) containing water at a level of 30 cm. A mouse
is thought to be immobile when it continues to float on water
with minimal movement of limbs to keep the head above
water. Immobility time was assessed in seconds for 6 min.
Minimum effort employed by the animal to keep himself
floating was taken into consideration for immobility (Porsolt
et al. 1978, Mallik et al. 2016).

Tail suspension test

Briefly, mice were hung individually by placing a small piece
of medical adhesive tape approximately 1–1.5 cm from the tip
of the tail 30 cm above the surface. To prevent back climbing,
the plastic tubing was placed around the tail earlier to applying
the tape. The animal was said to be immobile when it ceased
all its movement and dropped his head down. Immobility time
in seconds was noted for 6 min (Mallik et al. 2016).

Estimation of brain cytokine levels

Brain TNF-α was estimated using Cusabio mouse tumor ne-
crosis factor-α (Cusabio Biotech CO., Ltd., USA). The assay
was performed as per manufacturer’s instructions. The results
were interpolated from the standard curve derived from
TNF-α provided by the manufacturer. The samples were di-
luted four times with the sample diluent while analyzing the
TNF-α levels (pg/ml) in the brain. The same samples were
subjected for protein estimation (mg/ml) using Bradford’s
method (Bradford 1976). The final brain TNF-α levels (pg/
mg of protein) were obtained by dividing the brain TNF-α
levels by respective protein concentration of the samples.

Antioxidant enzyme estimation

Superoxide dismutase (SOD) was quantified in the brain ho-
mogenate according to the previously published method
(Bhattacharya et al. 2000). Formation of adenochromewasmea-
sured spectrophotometrically at 480 nm and was expressed as
SOD unit (U)/min/mg of protein. Amount of GSH formed was
measured spectrophotometrically at 412 nm and was expressed
as millimoles/mg of protein (Moron et al. 1979). Brain catalase
activity was determined by measuring the rate of decomposition
of H2O2 and was expressed as millimoles/min/mg of protein as
described previously (Aebi 1984). Protein estimation was car-
ried out using Bradford’s method (Bradford 1976).

Lipid peroxidation

Lipid peroxidation in the brain homogenates was quantified
according to the method of Janero (1990). Malonaldehyde
(MDA) was formed due to the reaction of the thiobarbituric
acid and trichloroacetic acid. MDA formed was estimated
spectrophotometrically at 532 nm and was expressed as
micromoles/mg of protein.

Statistical analysis

Statistical analysis was performed using the software
GraphPadPrism 5.01 (Graph Pad Software Inc., San Diego,
CA, USA). Results are expressed as mean ± S.E.M.
Experimental and control groups were compared by one-
way analysis of variance (ANOVA) followed by Dunnett’s
multiple comparison test. The difference was determined to
be significant if the p value was p < 0.05.

Results

Effect of PI and imipramine on LPS-induced sickness
behavior in mice

Open field test In the acute and 7-day study, exposure of
single dose of LPS to mice significantly decreased the number

Imipramine/PI LPS OFT, FST, TST Sacrifice & 
Brain collec�on

60 minutes 60 minutes 180 minutes

Day 0

LPS OFT, FST, TST Sacrifice & 
Brain collec�on

180 minutes

Day 7

Imipramine/PI 60 minutes

a

b
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Fig. 1 Induction of sickness behavior. a One-day protocol. b Seven-day pre-treatment with final day LPS challenge



of line crossings (16.67 ± 3.14 vs. 110.8 ± 24.33 of saline-
treated group Fig. 2a, 8.5 ± 1.61 vs. 101.5 ± 8.27; Fig. 3a) in
the open field arena when compared to that of the saline con-
trol group indicating significantly decreased locomotor activ-
ity. Furthermore, the center square entries (0.17 ± 0.17 vs.
5.33 ± 2.22, Fig. 2b; 0.17 ± 0.17 vs. 4.5 ± 1.54, Fig. 3b),
grooming (1.50 ± 0.22 vs. 14.33 ± 1.99, Fig. 2c; 3.83 ± 0.75
vs. 17.00 ± 1.55, Fig. 3c), and rearing (27.60 ± 5.89 vs. 4.5 ±
0.56, Fig. 2d; 25.33 ± 3.02 vs. 2.33 ± 0.99, Fig. 3d) behavior
were also remarkably affected. A single dose of imipramine
could not reverse the effect of LPS in OFTwhereas 7-day pre-
treatment significantly increased the number of line crossings.
Acute PI treatment significantly increased grooming (7.33 ±
0.76, F [3, 20] = 17.97, p < 0.001) and rearings (15 ± 2.24, F
[3, 19] = 11.27, p < 0.001) in LPS-treated animals and prophy-
lactic 7-day administration of PI significantly increased num-
ber of line crossings (37.50 ± 1.71, F [3, 20] = 81.51,
p < 0.001), center square entry (6.33 ± 1.50, F [3, 20] = 7.16,
p < 0.01), grooming (6.33 ± 1.50, F [3, 20] = 32.89,
p < 0.001), and rearings (13.00 ± 1.90, F [3, 19] = 29.28,
p < 0.001) compared to LPS group.

Forced swim test In the acute study, in FST paradigm, mice
treated with LPS showed significant increase (198.6 ± 14.15
vs. 56.50 ± 6.22, Fig. 3a) in the immobility time compared to

normal control, which was significantly reduced by imipra-
mine (58.83 ± 1.62) and PI (80.83 ± 5.90, F [3, 19] = 72.14,
p < 0.001), suggestive of anti-depressant activities of both the
drugs (Fig. 3a). Seven days of pre-treatment with PI (95.17 ±
2.26 vs. 222.00 ± 8.88, Fig. 5a) and imipramine (52.00 ±
3.05vs. 222.00 ± 8.88, Fig. 5a) significantly reduced the effect
of LPS treatment (F [3, 20] = 20.11, p < 0.001).

Tail suspension test In TST conducted in acute study and 7-
day study, LPS administration resulted in significant increase
(201.2 ± 9.46 vs. 124.2 ± 12.31, Fig. 4b; 222.0 ± 8.88 vs.
116.5 ± 12.94, Fig. 5b) in the immobility time when compared
to normal control. Single-dose treatment and 7-day pre-treat-
ment with imipramine (68.17 ± 13.15; 89.67 ± 21.19) and PI
(106.80 ± 16.84; 153.70 ± 10.78, F [3, 20] = 17.9 and 16.23,
respectively, p < 0.001) showed a significant decrease in im-
mobility as compared to LPS group indicating a decrease in
behavioral despair nature of animals.

Effect of PI and imipramine on antioxidant enzyme
and lipid peroxidation level

In the brain homogenates, LPS administration significant-
ly deranged the antioxidant enzymes including catalase
and SOD. In both acute (236.00 ± 15.58 vs. 570.40 ±
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Fig. 2 Effect of acute administration of imipramine and PI on LPS-
induced changes in locomotor activity parameters. (A) Number of line
crossings, (B) number of center square entries, (C) number of grooming,
and (D) number of rearing in the open field test (OFT). * and # represent

p < 0.05 compared with saline and lipopolysaccharide (LPS), respective-
ly. Experimental and control groups were compared by one-way analysis
of variance (ANOVA) followed by Dunnett’s multiple comparison test
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77.26, Fig. 6a) and 7-day (200.20 ± 16.75 vs. 410.90 ±
40.53, Fig. 6a) studies, catalase levels were profoundly
decreased as compared to the normal control group. Pre-
treatment of the animals with imipramine significantly
improved the catalase activity in both acute (472.70 ±
80.85, F [3, 16] = 5.15, p < 0.05) and 7-day (422.80 ±
28.97, F [3, 16] = 5.79, p < 0.01) groups. Interestingly,
only 7-day pre-treatment with PI produced a significant
increase in catalase levels (471.50 ± 71.14, F [3, 16] =
5.79, p < 0.01). Similarly, SOD levels were also signifi-
cantly reduced by LPS administration (504.90 ± 178.2 vs.

2113 ± 531.80 acute; 466.5 ± 118.2 vs.1485 ± 413.60
chronic, respectively, Fig. 6b) as compared to the normal
control. Acute pre-treatment of PI significantly increased
the SOD (3646.00 ± 466.5, F [3, 16] = 10.01, p < 0.001)
activity as compared to LPS, but no significant changes
in SOD activity were observed after 7 days of PI treat-
ment. Imipramine induced a significant increase in SOD
after acute administration; however, no change was ob-
served after 7-day treatment.

In both acute and 7-day pre-treatment studies, brain GSH
levels were significantly reduced (0.006 ± 0.002 vs. 0.102 ±
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0.01, 0.164 ± 0.01 vs. 0.08 ± 0.01, Fig. 6c) by LPS adminis-
tration. Pre-treatment of animals with both imipramine and PI
significantly improved the GSH levels in both acute (0.049 ±
0.01; 0.054 ± 0.01, respectively, F [3, 20] = 21.26, p < 0.001)
and 7-day treatment groups (0.046 ± 0.01; 0.051 ± 0.01, re-
spectively, F [3, 20] = 22.95, p < 0.001) in the brain as com-
pared to LPS-treated animals.

LPS administration significantly increased the lipid perox-
idation, as observed by theMDA levels in both acute (41.05 ±
5.37 vs. 4.98 ± 0.20, Fig. 6d) and 7-day pre-treatment (13.92
± 0.82 vs. 7.8 ± 0.32, Fig. 6d) groups. Pre-treatment of ani-
mals with both imipramine and PI significantly improved
the MDA levels in both acute (16.30 ± 0.74; 22.96 ± 1.98,
respectively, F [3, 20] = 27.37, p < 0.001) and 7-day treatment
groups (7.55 ± 0.26; 9.21 ± 0.29, respectively, F [3, 20] =
37.68, p < 0.001) in the brain as compared to LPS-treated
animals.

Effect of PI and imipramine on brain cytokine levels

LPS administration significantly increased TNF-α levels in
both acute (383.40 ± 101.30 vs. 124.60 ± 62.93, Fig. 7a) and
7-day pre-treatment (95.88 ± 13.47 vs. 15.60 ± 0.00, Fig. 7b)
groups. Acute administration of imipramine significantly re-
duced the TNF-α levels (84.91 ± 49.02, F [3, 20] = 6.56,
p < 0.01); however, TNF-α levels in PI pre-treatment groups
were not within the detectable limit. In 7-day pre-treatment
groups, both imipramine and PI reduced the TNF-α levels
below the detectable limit.

Discussion

We employed two different pre-treatment schedules of ad-
ministration with, a single acute dose and a 7-day once
daily regimen before challenging the animals with a single
administration of LPS. To examine whether continuous

activation of CB2R influences the LPS-induced neuroin-
flammation, a 7-day pre-treatment of PI at a dose of
20 mg/kg (same dose used in the acute study) was
employed. According to the previous studies, 20 mg/kg
of PI was shown to be neuroprotective in an animal model
of Alzheimer’s disease (Jayant et al. 2016). Further, isatin
derivatives also modulate the monoamine levels in the
synapse by inhibiting monoamine oxidase (MAO) espe-
cially MAO-B and thus increase the dopamine release in
the nigrostriatal pathway (Justo et al. 2016). During an
acute injection of LPS, initially, animals demonstrate de-
creased movement, fever, and decrement in social commu-
nication termed as Bsickness behavior^ (Yirmiya 1996;
Painsipp et al. 2011). In the present study, sickness behav-
ior was evaluated by determining the immobility time in
the forced swim test (FST) and tail suspension test (TST).
The exploration of the animals in the open field test (OFT)
was taken as an index of locomotor activity. A single dose
of LPS produced significant behavioral despair in all the
animals, as indicated by a significant increase in the im-
mobility time in FST and TST. These results are in con-
cordance with our previous data (Mallik et al. 2016).

In our study, acute administration of PI did not produce any
significant change in the number of line crossings and center
square entries. However, the exploratory behavior observed
by the number of rearings and groomings were increased.
On the contrary, 7-day continuous treatment with PI produced
a significant increase in all the locomotor and exploratory
behaviors. Interestingly, a similar observation is reported in
the mice overexpressing CB2R, where the total distance trav-
eled is not altered, though the central distance traveled was
significantly increased (García-Gutierrez and Manzanares
2011). The behavioral despair was tremendously improved
by both acute and 7-day pre-treatment with PI in FST and
TST. This finding is also substantiated by a recent study by
Liu et al. (2017), where the CB2R knockout mice showed a
significant increase in immobility time in both of the tests we
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employed in our experiments. Effect of our positive control
imipramine on behavioral despair was comparable to PI.
However, the impact on locomotion and exploratory behavior
was only apparent after 7-day pre-treatment. This effect of
imipramine is consistent with our own and other reported
studies (Yirmiya 1996; Teixiera et al. 2000; Mallik et al.
2016).

We have earlier reported that a single administration of LPS
in the doses employed in this study produces a significant
increase in peripheral cytokines including IL-6 and TNF-α
(Mallik et al. 2016). The release of these pro-inflammatory
factors leads to endothelial barrier compromise with a leaky
blood-brain barrier, and activation ofmicroglia produces long-
term changes in the brain inflammatory markers (Buch 2013).
Here, we focused only on the whole brain TNF-α levels and
an array of oxidative stress markers as indicators of neuroin-
flammation to correlate the compounding effect of cytokines
on the overall sickness behavior. LPS produced a significant
increase in brain TNF-α levels and lipid peroxidation (MDA)
and reduced the antioxidant defense (catalase, SOD and GSH
levels). The factors implicated in inflammation-associated
neurodegeneration including pro-inflammatory factors,
excitotoxicity, oxidative stress, and impairment of the blood-
brain barrier have been linked with CB2 stimulation (Buch
2013). Pre-treatment of the animals with CB2R agonist PI
significantly reduced the lipid peroxidation and prevented
the rapid decline in the antioxidant enzymes GSH and cata-
lase. Interestingly, both the treatment schedules with PI pro-
duced comparable results. However, in our study, the 7-day
pre-treatment protocol with both PI and imipramine failed to
protect the loss in SOD levels.

In an LPS-induced interstitial cystitis mouse model, CB2R
agonist reduced the expression of TNF-α by inhibiting leuko-
cyte infiltration and myeloperoxidase activity (Tambaro et al.
2014). Recently, Liu et al. 2017 have demonstrated the in-
volvement of CB2R in depression by specific deletion of
CB2R dopaminergic neurons that lead to a significant increase
in immobility time in both FST and TST paradigms.
Dopamine neurons in the ventral tegmental area (VTA) are

involved in the development of depressive-like behavior
(Tye et al. 2013). In the mesolimbic dopamine circuitry in-
volved in social interactions and mood regulation, dopaminer-
gic neuronal signals from VTA of midbrain interact with nu-
cleus accumbens (NAc). Further, several interconnecting
pathways such as glutamatergic VTA-hippocampus-NAc,
VTA-amygdala-NAc, prefrontal-NAc, norepinephrinergic/5-
HT VTA-hypothalamus-NAc, and intrinsic GABAergic path-
ways interact with dopamine circuit in NAc (Nestler and
Carlezon 2006). These findings corroborate that the putative
mechanism of PI a CB2R agonist is attributed to the
endocannabinoid CB2R signaling in specific regions of the
brain. However, to establish the exact mechanism of PI in
sickness behavior, expression ofmolecular markers associated
with various pathways should be studied which is one of the
major limitations of the study.

Conclusion

In summary, acute and long-term activation of CB2R by PI
mitigated LPS-induced sickness behavior. The mechanisms
for the neuroprotective potential may be its ability to prevent
inflammation and oxidative stress through CB2R activation.
The current study provides an insight into the novel strategy to
explore the potential of CB2R signaling in the sickness/
depressive-like behavior. Nevertheless, further studies to re-
veal the molecular pathways and neurotransmitter levels are
warranted for the therapeutic role of PI in mental health.
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