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ABSTRACT

Along term stressful event in life altering immune system is a major factor for the development
of psychopathological conditions. By now it’s clear that stress induced neuroinflammatory cytokines
are the key role in mediating neurochemical and neuroendocrine systems causing the behavioral
disorders and cognitive impairment. Current anti depressants are unable to correct neurotransmitters
levels directly or indirectly by inhibiting cytokines expression. Present study was conducted to
elucidate the effect and mechanism of L-theanine on chronic restrainer stress (CRS) induced
neuroinflammation, anxiety-like, depression, learning and memory impairment in C57BL/J male
mice. Chronic restrain stress was induced by well ventilated 50ml conical tube for 6 hours/day 21
consecutive days. After stressor cessation behavioral and recognition tests were conducted, at
the end of study mice were sacrificed, brain and blood was collected. Cytokines (TNF-a and IL-6),
neurotransmitters were quantified in prefrontal cortex and estimated corticosterone levels in plasma.
Histopathological examination of the hippocampus was performed. The results was implicated
that L-theanine significantly (p<0.05) reversed the effect of CRS induced behavioral changes and
memory impairment, reduced cytokines expression and restored neurotransmitter levels in prefrontal
cortex. It also alleviated neuronal apoptosis and lowered the corticosterone levels in plasma of CRS
mice. These results indicate that L-theanine exerted protective effect on chronic stress induced
neuroinflammation, anxiety, depression and cognitive dysfunction. The mechanism of_protective
effect is by reducing cytokine expression in frontal cortex and preventing hippocampal apoptosis.
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INTRODUCTION

One of the serious burden of society is
stress which may be psychological, physiological
or environmental stressors resulting in
neuropsychological dysfunction like Major depressive
disorder (MDD) with cognitive impairment.' 2

According to world health organization, 350 million
people worldwide suffer with MDD. Repeated
stressful events changes mood and cognitive decline
altered by neurochemicals, of immune and stress
hormones system.® Evidences of chronic stress
for functional and structural impairment in vital
areas of brain such as prefrontal cortex PFC and
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hippocampus have increased abundantly.*®* The PFC
plays a major role in behavior, learning and memory,
and also particularly hypersensitive to chronic
stress.® Preclinical and clinical studies on depression
highlighted an increased cytokines expression in
PFC.8" In addition, dysfunction in PFC’s monoamino
neurotransmitters has been implicated by cytokines
in the development of depression.8°

Interestingly, these pathways implicate
the path-physiology of chronic stress induced
depression as explained below. Stress activates
immune system and microglia cells causing
production of pro-inflammatory cytokines such as
TNF-4, IL-1aand IL-6 in PFC' and also releases the
Glucocorticoids (GC’s) via hypothalamus-pituitary
adrenal (HPA) system and this is disturbed by
chronic stress elevated GC’'S which may increase
the production of pro-inflammatory cytokines which
varies in vital regions of brain.'>'®*Many researchers
concluded that cytokines imbalance the kynurenine
(KYN) pathway by the activation of indolamine-2,
3-Dioxgenase IDO, lead tryptophan depletion
and reduction serotonin synaptic availability and
also increases the activity of serotonin reuptake
transporters in depressive condition.’®'” In animal
study chronic stress model expressed cytokines and
elevated IDO activity in PFC'® and another study
apoptosis was detected in mice hippocampus with
depression and cognitive dysfunction induced by
CRS model."®?° These indications are an important
pathogenesis of emotion, depression and associated
with cognitive dysfunction in chronic stress. At
present most common selective serotonin reuptake
inhibitors and noradrenaline reuptake inhibitors
as anti-depressants are enable to suppress the
expression of cytokines. According to this hypothesis
we urgently need novel compound with anti-
inflammatory and neuro-modulatory activities for
chronic stress induced MDD.

Green Tea is freely available in nature
and one of the most consumed beverages through
worldwide. L-theanine is a major amino acid
component (Gamma-glutamythylamide) in green
tea?' and it has been shown to exhibit neuroprotective
effect in various animal experimental models.
Examples: antidepressant activity,?? prevent memory
impairment induced by repeated cerebral ischemia in
rodents.2® and anti inflammatory effect in peripheral
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system.2* Even it has been proven neuroprotective
effect of L-theanine (2 and 4mg/kg) doses on CRS
induced cognitive dysfunction with anti oxidant and
anti stress activities.?®

Based on recent reports we discussed
above possible mechanism of stress induced
neuroinflammation changes in behavior and memory
impairment. In present study, we investigated the
effect and underlying mechanism of L-theanine
(4mg/kg) 2° on anxiety, depression and cognitive
impairment induced by neuroinflammation in CRS
model. In addition to that we quantified cytokines
(TNF-a & IL-6) NE and 5-HT levels in PFC and
morphology of hippocampus was observed.
This work also suggests novel opportunities for
preventing and treating depression by reducing
neuroinflammation.

MATERIALS AND METHODS

Animals

Adult C57BL/J male mice were housed in
group on semi soft bedding with pellet, water and ad
libitum. The animals are maintained under standard
laboratory conditions at 25+1°c temperature,
relative humidity 50+10% and light dark cycle of
12:12h. All the animals allowed habituating to the
housing facilities for at least one week prior to
initiation of the procedure. The study was approved
by the Institutional Animal Ethics Committee, Sri
Ramachandra University (IAEC No: IAEC/XLVII/
SRU/497/2016).

Restrain protocol

In CRS procedure, mice were restrained
in 50 ml (21D 2 cm x 8 cm) falcon tube inside well-
ventilated and 6h/day for three weeks (21 days) from
age of 8 or 9 weeks. The mice were fitted tightly into
restrainers and there is no possible to move or turn
around.

Animal groups

Each group contains 8 animals.

Group1. (Control) The mice were treated with vehicle
(0.9%normal saline) from day 1 to day 21.

Group2. (CRS) The mice were treated with restrain
stress + vehicle was administrated 1 hour before
restrain stress from day 1 to day 21.

Group3. (L-theanine) The mice was treated with
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restrain stress + L-theanine was administrated 1
hour before restrain stress (4mg/kg/body weight,
oral) from day 1 to day 21.

Chemicals

L-theanine (SRL chemicals India) was
obtained from The |.L.E.Co, Chennai India.
Neurotransmitter standards (HPLC sigma, st Louis,
Mo. U.S.A) were obtained from bicorporals, Chennai,
India. Primary and secondary antibodies (abcam)
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were obtained from Allied scientific products,
Kolkata.

General condition

After the stress cessation all subjects
were underwent behavioral test (from 22nd day
to 25th). Each behavioral test was conducted by
the same person between 9AM to 4PM and which
was recorded by camera. All mice were allowed
to experimental room for adaption, 1 hour before
testing. Behavior test was studied every day using
one test as shown below,

22nd day 23rd day 24th day 25th day
Open Field Test  Force Swim Test Novel Object Recognition test Y Maze Task
(OFT) (FST) (NORT) (Y maze)

Behavioral test
OFT

To measure the locomotor activity and
anxiety like behavior of mice we used open field
apparatus.?® The apparatus are wood in material and
comprised of 15.74 x 15.74 inches square arena with
7.87 inches high wall. It was divided into 25 equal
squares which was marked in floor of arena. Single
mice gently placed into corner of floor in order to
explore the arena for five minutes. The activity of
mice was recorded by a camera; number of squares
was crossed by each mice was scored. In addition
to that time spent in central and peripheral squares,
immobility period, rearing behavior and grooming
activity were scored and analyzed. After finishing the
test for each mouse, floor was cleaned with alcohol
to exclude the intervention of odor signal.

FST

The test was performed as described
previously with minor modifications.'® To measure
the depressive like behavior, mice were placed into
a glass tank (diameter 23 cm & high 30cm) up to
20 cm high filled with 25 + 1°c water so that mice
cannot reaches the bottom with their tail. Behavior
(struggling: the mouse was vertical in the water,
scratching vigorously the walls of the beaker; floating:
no movements of the mouse except for minor
movements to keep balance; swimming: all other
behavior i.e. activity movement) was recorded by
a camera for 5 minutes. Thereafter mice was dried
with towels and shifted into a fresh cage. Water was

replaced after completing the procedure for each
animal.

NORT

Mice were assessed using novel object
recognition task similar to that described previously.?®
During habituation the mice were allowed to explore
the empty apparatus for 15 minutes. During the
acquisition trail (T1), apparatus contained two
identical objects. A mice was taken from its home
cage and placed into the apparatus, central from
2 objects facing the wall in front of the observer
and time spent actively exploring (exploration was
defined as the animal sniffing or touching) the objects
during 5 minutes after T1, the mice was transferred
into home cage. After 24 hours, the mice were again
placed into the apparatus for the discrimination trail
(T2). The time spent exploring the two objects during
T1 and T2 was recorded and discrimination index
(DI) was calculated based on the following formula:
DI =RI/(Time spentin exploring novel object + Time
spent in exploring familiar object)
Recognition Index (Rl) = Time spent in exploring
novel object - Time spent in exploring familiar object.

Y maze

The Y maze test is less stressful and
ethological more relevant to spatial memory test.
Mice was assessed spatial memory function, as
described previously with minor modifications.?” The
maze consist of 3 arms appear as Y shape. The 3
arms of the maze randomly assigned as open arm
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(which is left open during training and test duration)
start arm (where mice was left first during training
and test duration) novel arm (which is blocked during
first training period). Ocular clues were hung on the
maze during the trails and test. Mice were pre-trained
keeping novel arm closed. After 1 hour break test
was carried keeping the novel arm is open. Novel
versus familiarity of the mice was assessed by
comparing the behavior in all the 3 arms. Mice were
placed in start arm during all assessment. Number
of visits and time spent in each arm was recorded
by camera for 5 minutes.

Sample storage

After behavioral study (i.e. 26th day), the
mice was anesthetized and scarified using isoflurane,
blood and brain was collected. Blood centrifuged at
3000 rpm for 10 minutes at 4°C, plasma and brain
samples were frozen at -80°c until the analysis.

Detection of PFC tissue TNF-a and IL-6 by
Immunohistochemistry

Paraffin section was pretreated by using
heat mediated antigen retrieval with sodium
citrate buffer (pH 6) for %2 hour. The sections
were stained with one of the primary antibodies:
Rabbit polyclonal to mouse IL-6 (ab6672, 1/200
dilution) or Rabbit polyclonal to mouse TNF alpha
(ab6671, 1/200 dilution). The slides were washed
with appropriate buffer and incubated with HRP
conjugated secondary (ab 97023, 1/1000 dilution) for
1 hour at room temperature. Sections were washed
and stained with DAP for 15mins. Counterstaining
with hematoxylin was performed the slides were
mounted with aqueous mounting media and
visualized under light microscope. The percentage
of positive cells in 5 random microscopic fields was
measured by 2 independent pathologists who were
blind to clinical data.

Neurotransmitters estimation by LCMS

PFC tissues were homogenized with ice
cold methanol (1mg/10pl). After homogenization
samples were centrifuged at 10,000 rpm for 10
minutes at 4°c.

LCMS analytical conditions
Instrument shimadzu LCMS 8040 triple
quadrupole system coupled with UHPLC (NEXERA),
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with Inert ODS column (150x4.6mm, 5A). Mobile
phase A 0.01% acetic acid in water, Mobile phase
B methanol was used. Injection volume is 10 pl,
Gradient (Time/B. Conc.) 0.01/15, 5/85, 10/85, 11/15
& 15/15. Flow rate 0.7ml/min.

Histopathology Analysis

Hippocampus collected from the mice and
fixed in 10% neutral buffered formalin. Representative
tissue section of brain at the level of hippocampus
region was trimmed and dehydrated in series of
graded alcohol and embedded in paraffin wax. Tissue
sections of 3-4 micron thickness was obtained,
mounted on a clean glass slides and stained with
haematoxylin and eosin (H&E). Morphology of
hippocampus was observed by a light microscope.
Affected neuron cells were identified by their pyknotic
nuclei and acidophilic (esinophilic) cytoplasm, which
are the suggestive of necrotic morphology.2> Semi
quantitative scale used for affected cells counting
(0- absent, 1-weak, 2-moderate and 3-high) in the
hippocampus neuronal cells.

Corticosterone analysis

Plasma CORT levels were estimated
using the fluorometric assay of matingly (1962)%, a
corticosterone stock (sigma) solution 100mg/dl was
prepared and diluted to a range of concentrations
10-100pg/dl. Plasma samples and corticosterone
standards were mixed in 7.5mldichloromethane.
Five milliliters of the dichloromethane extract phase
was transferred and mixed with 2.5ml of fluorescent
reagent congaing concentrated sulphuric acid:
absolute ethanol at 70:30 ratio and the tubes were
thoroughly mixed. An aliquot of the lower phase
was removed and measured with fluorescence
at excitation 470 nm & emission 530 nm using
spectrophotofluorimeter. The results were expressed
as pg/dl of plasma.

Statistical analysis

Data expressed as mean + standard error
of mean (SEM). The difference between time spent
exploring the novel object versus familiar object
during discrimination trail was calculated for each
group and the level of significance was analyzed
using two-side student’s t test. For other parameters
the difference between the groups were determined
using one way ANOVA followed by Tukey’s - post
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Fig. 1A & 1B: Effect of stress and L-theanine treatment on number of squares crossed (Figure:
1A) time spent in central, peripheral squares and immobility period (Figure: 1B) in the open field
exploration test. Data expressed as mean + SEM (n=8 per group). 2P<0.001, as compared to the
control group; °P<0.001, as compared to the CRS group
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Fig. 2: Effect of stress and L- theanine treatment on floating and swimming period in the forces
swim test. Data expressed as mean+SEM (n=8 per group). ?P<0.001, as compared to the control
group; °P<0.001, as compared to the CRS group (Figure: 2)
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hoc test for multiple comparisons using SPSS
software version 15.0 (cary NC). P values <0.05
were considered as significant.

RESULTS

Behavior Assessment
OFT

CRS induced mice were made significantly
(p<0.001) decrease total number of squares crossed
compared to control group (Figure: 1A). There was
also significant increases time spent in peripheral
squares and decrease in central squares (p<0.001)
in CRS group compared to control group (Figure:
1B). Treatment of L-theanine increase the number
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of squares crossed, time spent in central squares
and decrease the peripheral squares compared to
CRS group. Administration of L-theanine treated
mice significantly decreased immobility period and
reversed effect of rearing and grooming compared
to CRS group (p<0.001).

FST

In FST significantly increase the floating
period and decrease the swimming time in CRS
compared to controlled group (p<0.001). It has
shown in figure: 2 the treated with L-theanine mice
significantly (p<0.001) increase the swimming time
and decrease the floating period compared to CRS

group.
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Fig. 3A, 3B & 3C: Effect of stress and L-theanine treatment on NOR test and the data expressed
as mean + SEM (n=8 per group). Figure: 3A Novel object and familiar object exploration time
3P<0.001, as compared to the control group; "P<0.001, as compared to the CRS group. Figure: 3B
Number of novel object visits °P<0.001, as compared to the control group; "P<0.001, as compared
to the CRS group and number of familiar object visits ?P<0.001, as compared to the control
group; °P<0.001, as compared to the CRS group. Figure: 3C discrimination of index in objective
recognition test
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NORT

In NOR test CRS mice (group-2) significantly
decrease number of visits and exploration time of the
novel object compared to control group. Treatment of
L-theanine significantly (p<0.001) increased in time
spent and number of visits exploring the novel object
compared to CRS group (Figure: 3A, 3B& 3C).

Y Maze

In Y maze test group-2 significantly
decreased the novel arm entries and increased
the open arm entries compared to control group
(Figure: 4A). Treatment of L-theanine was increased
novel arm entries and decreased open arm
entries compared to group-2. Time spent in open
arm significantly (p<0.001) increased in CRS
group compared to control group, but there is no
significance between L-theanine treated group and
CRS group (Figure: 4B).
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Immunohistochemistry analysis

Immunohistochemical analysis showed
that inflammation in CRS mice PFC exhibited an
increased expression of TNF-a and IL-6 when
compared to the control group. However the
protein expression of TNF-a and IL-6 in PFC were
considerably decreased in the L-theanine treated
group (Figure: 5A, 5B & 6).

Effect of L-theanine on neurotransmitters
decreased in PFC

In CRS significantly (p<0.001) reduced
levels of NA and 5-HT as compared to the control
group (Figure: 7). However, treatment of L-theanine
resulted significantly (p<0.001) increased NA and
5-HT levels in PFC as compared to the CRS group.

Effect of corticosterone elevated levels in plasma
The CORT levelsin plasma were significantly
(p<0.001) higher in CRS group than control group
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Fig. 4A & 4B: Effect of stress and L-theanine treatment in the Y maze task and the data expressed
as mean + SEM (n=8 per group). Figure: 4A Number of entries in novel arm ?°P<0.001, as compared
to the control group; °P<0.001, as compared to the CRS group and number of open arm entries
3p<0.001, as compared to the control group; "P<0.01, as compared to the CRS group. Figure: 4B
Time spent in open arm, as ?P<0.001 compared to control group; "P >0.05 as compared to the
CRS group
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(Figure: 8), while significantly (p<0.001) declined in
the plasma CORT levels was observed in L-theanine
treated group.

Histopathological examination of Hippocampus

L-theanine reversed the CRS induced
neuronal apoptosis in the hippocampus. The
neuronal cells of hippocampus histopathological
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changes were observed by hematoxylin and
eosin (H&E) staining. In control group, there were
absent of neuronal abnormalities. However, in CRS
degenerated neurons (esinophilic pyknotic neuron)
were highly observed. L-theanine treated mice
neuronal abnormality was absent and potentially
reversed the neuronal degeneration (Figure: 9).

Fig. 5A & 5B: TNF-a protein expression detected by immunohistochemistry in control,
CRS and CRS+L-theanine treated mice (Figure: 5A). IL-6 protein expression detected by
immunohistochemistry in control, CRS and CRS+L-theanine treated mice (Figure: 5B).
Magnification of IHC images is 40x as indicated and the scale bars = 40um (n=8 per group).
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Fig. 6: Data is represented to show the percentage of TNF-a and IL-6 cytokines expression in PFC
of control, CRS and CRS+L-theanine treated mice (n=8 per group)
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Fig. 7: Effect of L-theanine on the CRS induced 5-HT and NE reduction in the PFC. Data are
reported as mean +SEM (n=8). 2p<0.001, as compared to control group; °p<0.001, as compared to
the CRS group
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Fig. 8: Effect of L-theanine on the CRS induced CORT increment in the plasma. Data are reported
as mean = SEM (n=8 per group). p<0.001, as compared to control group; *p<0.001, as compared
to the CRS group

Fig. 9: Effect of L-theanine on the CRS induced hippocampus apoptosis. Histopathological
examination of hippocampus stained with hematoxylin and eosin in control, CRS and CRS+
L-theanine treated mice. The arrow indicated injured neurons (cell with pyknotic nuclei,
acidophilic cytoplasm and fragmented nuclei) (40x)
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DISCUSSION

Based on the evidences explained in
review literature of previous clinical and pre-clinical
studies, the present study confirmed and expanded
the information on chronic stress which produced
changes in behavior and cognition status of
C57BL6/J mice. Stress was induced by restrainer
for 21 days (6hrs/day) and from 22nd to 25th day
the animals were observed for behavioral changes
and memory impairment. CRS group mice showed
decrease in locomotor activity (decreased number
of squares crossed), increased anxiety (decreased
time spent center squares in OFT) and more
depressive like behavior (increased floating time
in FST). Impairment in recognition (NOR test on
novel object exploration was less when compared
to neither control group) and in spatial memory
impairment (novel arm entries were decreased in Y
maze)®2” These behavioral and cognitive changes
were in parallel with neurotransmitters such as
NE and 5-HT, pro-inflammatory cytokines such
as TNF-a and IL-6 were evoked in PFC,26%° stress
hormones (CORT) levels were elevated in plasma
and apoptosis was found in hippocampus.?® Most
abnormalities resulting from chronic restrain stress
were reduced by oral administration of L-theanine.
These findings support the present hypothesis
that treatment with L -theanine on group 3 can
counteract chronic stress induced depression,
impairment in cognitive function and alterations in
neurotransmitters by reducing cytokines expression.

Despite facts well known that
neuroinflammation is a key factor in development
of neuropsychiatric dysfunction,®* there is increase
in TNF-a and IL-6 protein expression after CRS.3?
In this present experiment, L-theanine decreased
the expression of TNF-a and IL-6 in PFC shown in
5 & 6, as reported already that anti inflammatory
activity of L-theanine.?* Also GCs have potential
anti-inflammatory activity, but previous findings
by Shawn F Sorrells et al., 2009 suggested that
chronic stress which increase GCs levels, can
enhance cytokines transcription factor which varies
in vital regions of brain.’2's Even in present study
L-theanine decreased CORT levels in plasma (anti
inflammatory activity has proven in earlier preclinical
studies).?® This activity may be potentiating the anti
inflammatory activity in present study.

1024

In brain neurotransmitters were easily
affected by chronic stress. NE and 5-HT levels in
PFC were decreased which might be the reason for
behavioral changes caused by chronic stress induced
neuroinflammation.'® 2 The present study L-theanine
group significantly increased levels of 5-HT and NE
in PFC comparatively to CRS group. Xia Tian et al.,
has suggested that L- theanine restored NE levels
in brain which was altered by CRS.?® Reduction of
serotonin levels is a major role in etiology of MDD.
Increasing serotonin levels at neuroeffector junction
is the most common treatment which is currently
advised in depression. The present study shows,
restoration of 5-HT levels in PFC of L-theanine
treated group, probably following mechanism may
be involved for the restoring serotonin levels in
PFC. 5-HT directly correlates with its precursor
of tryptophan in chronic stress evokes cytokines
which elevates the IDO levels, increase catabolism
of tryptophan by involving in KYN pathway and also
over activates the serotonin reuptake receptors.'
18.30 The present study L-theanine inhibited the
expression of cytokines which may lead to increase
bioavailability of 5-HT. Previous studies concluded
that L-theanine has neuro protective activity by
interacting with monoamino neurotransmitters.®
S.linga et al. stated that CRS induced inflammation
reduced the levels of 5-HT in PFC and recognition
memory impairment determined by the object
recognition test.?® In our present study, L-theanine
restoration of 5-HT levels improved recognition
performance in NOR test (Figure: 3A, 3B& 3C) and
decreased the duration of immobility period in FST
(Figure: 2). Previously Wakabayashi reported that
L-theanine has antidepressant activity by increasing
mobility period in FST.2? In present study treatment
of L- theanine increased locomotor activity and time
spent in central squares and decreased time spent
in peripheral squares during OFT (Figure: 1A&B)
indicating the anxiolytic and anti depressant activity.®
The hippocampus is an important region for learning
and memory. In previous study spatial memory
impairment in CRS model with neuronal apoptosis
in hippocampus CA1 region was correlated with
the activation of Akt/GSK-3 signaling pathways. %%
In present study treatment of L-theanine prevented
the spatial memory impairment shown in figure: 4A
& 4b by alleviating CRS-induced neuronal apoptosis
of hippocampus as shown in 9. In previous study
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L-theanine shown ameliorative role by inhibiting
phosphorylations of GSK-3 in neuronal cells.® Our
present study result showed the effect of L-theanine
as novel therapeutic compound in various long-term
stress induced depression and cognitive impairment
conditions. As well as these findings strongly support
the possible mechanism behind the adjuvant action
and present hypothesis.®”

CONCLUSION

The group of mice kept under CRS showed
features of behavioral abnormalities like anxiety,
mental depression and impairment in cognition,
also lowered neurotransmitter levels and expression
of cytokines like TNF-a and IL- 6 in PFC resulting
elevated apoptosis in hippocampus. These effects
are found to be reversed in the group of mice treated
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with L-theanine in addition to CRS mice. This may
explain the possible mechanism of preventing the
cytokines involvement in PFC neurotransmitters
and apoptosis in hippocampus as well. Our findings
strongly suggest that L- theanine is a potential
compound to prevent anxiety, depression associated
with cognitive impairment, protecting PFC and
hippocampus from chronic stress.
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