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Abstract
Parkinson’s disease (PD) is a neurodegenerative disorder characterized by the loss of dopamine neurons
in the substantia nigra. The pathogenesis of PD, including oxidative stress, mitochondrial dysfunction,
neuroin�ammation, and neurotransmitter dysregulation. L-theanine is an amino acid found in green tea
and has antioxidant, anti-in�ammatory, and neuroprotective effects with a high BBB permeability.
Therefore, the current study was designed to investigate the possible neuroprotective effect of L-theanine
in lipopolysaccharide (LPS) induced motor de�cits and striatal neurotoxicity in a rat model of PD. LPS
was infused at a dose of 5 µg/5 µl PBS, stereotaxically into SNpc of rats. Treatment with L-theanine at
(50 and 100 mg/kg; po), and Sinemet (36 mg/kg; po) was given from day 7 to 21 in of LPS injected rat.
On a weekly basis all behavioral parameters were assessed, and animals were sacri�ced on day 22. The
striatum tissue of brain was isolated for biochemicals (Nitrite, GSH, catalase, SOD, mitochondrial
complexes I and IV), neuroin�ammatory markers (IL-1β, TNF-α, and IL-6), and neurotransmitters
(serotonin, dopamine, norepinephrine, GABA, and glutamate) estimations. Results revealed that L-
theanine dose-dependently and signi�cantly reversed motor de�cits, assessed through locomotor and
rotarod activity. Moreover, L-theanine attenuated biochemical markers, reduced oxidative stress, and
neurotransmitters dysbalance in the brain. L-theanine treatment at 100 mg/kg; po substantially reduced
these pathogenic events by increasing mitochondrial activity, restoring neurotransmitter levels, and
inhibiting neuroin�ammation. Moreover, data suggest that the positive effects of L-theanine on motor
coordination may be mediated by the suppression of nuclear factor-κB (NF-κB) induced by LPS.

1. Introduction
Parkinson's disease (PD) is a neurodegenerative disorder characterized by the death of dopaminergic
neurons in the substantia nigra pars compacta (SNpc) and a substantial decrease in dopamine levels in
the striatum (MS Lima et al. 2012). The progressive loss of dopaminergic neurons in the SNpc due to
excessive production of free radicals, mitochondrial energy failure, neuroin�ammation, and
neurotransmitters dysbalance are the main pathogenic characteristics of PD (Kaur et al. 2019). Clinically,
PD presents as a motor abnormality such as bradykinesia, stiffness, postural instability, rest tremor, and
non-motor symptoms such as olfactory de�ciencies, sleep disruption, and psychosis due to autonomic
dysfunction (Khan et al. 2019). The nuclear factor-kappa light chain enhancer of B cells (NF-κB) is a
transcription factor that controls the production of pro-in�ammatory cytokines, Nrf2-Keap1, and the NF-
κB in�ammatory cascade in neurological disease pathogenesis. The NF-κB has been found to control the
production of pro-in�ammatory cytokines, Nrf2-Keap1, and the NF-κB in�ammatory cascade in the
pathophysiology of neurological disorders (Saha et al. 2020).

Lipopolysaccharide (LPS) is an endotoxin that is the major component of gram-negative bacteria and
made up of a hydrophobic lipid, a hydrophilic polysaccharide carbohydrate chain and a repetitive
hydrophilic O-antigen oligosaccharide side chain. Currently, LPS is the animal model used for studying
the relationship between neuroin�ammation and PD. LPS is also a potent activator of microglial cells and
leads to neuroin�ammatory cascades in patients with PD (Ebbensgaard et al. 2018). The LPS infusion
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into the SNpc causes microglial activation, leading to the generation of free radical species, like reactive
oxygen species (ROS), and propagates the release of pro-in�ammatory cytokines (Deng rt al. 2020). LPS
treatment has decreased motor activity, reduce dopaminergic neurons in the SNpc, and striatal parts of
the brain. Furthermore, LPS generates a hazardous environment for healthy neuronal populations by
causing a self-sustaining loop of microglial activation that leads to neuroin�ammation and ROS-driven
toxicity in the brain (Sharma et al. 2015). Furthermore, preclinical and clinical studies have demonstrated
that anti-in�ammatory and antioxidant agents may protect dopaminergic neurons against LPS-induced
neurotoxicity in a rat model of Parkinsonism (Haslund-Vinding et al. 2017; Esposito et al. 2007).

L-theanine is an active non-protein part chemically known as γ-glutamylethylamide found in green tea. It
has antioxidant, anti-in�ammatory properties and improves behavioral abnormalities with motor
symptoms by regulating catecholamines (dopamine, serotonin) in the brain. Regular L-theanine
consumption protects dopaminergic and GABAergic neurons and controls dopamine release in the
striatum (Deb et al. 2019). In addition, L-theanine also increases the level of brain-derived neurotrophic
factor (BDNF), and nerve growth factor (NGF) indicate, useful for the treatment of PD (Chen et al. 2018).
As a result, L-theanine has signi�cant neuroprotective properties, suggesting that it may be a helpful
neuroprotective agent (Nathan et al. 2006). Hence, this current research work mainly focused on the
neuroprotective effect of L-theanine in LPS induced PD-like symptoms in rats through analysis of
behavioral parameters, biochemicals, in�ammatory cytokines, neurotransmitters estimation,
mitochondrial complexes activity, and NF-κB analysis.

2. Materials And Methods

2.1 Experimental Animals
In this study, forty-one male Wistar rats (180–220 g) were kept under standard laboratory conditions. The
standard diet used to feed animals according to Institutional Animal Ethics Committee (IAEC) guidelines.
The IAEC approved the experimental protocol with Registration number ISFCP/IAEC/CPCSEA/2019/429.

2.2 Chemicals
LPS purchased from Sigma Aldrich chemicals private limited, Plot #12, Bommasandra-Jigani Link Road,
Bengaluru-560100 India. L- theanine was purchased from TCI Chemicals Pvt. Ltd., India. LPS s dissolved
in phosphate buffer saline. The test drug used in the present study, L-theanine dissolved in double-
distilled water.

2.3 Surgical procedures for the infusion of LPS into the
SNpc
The unilateral lesion of the nigrostriatal region was performed to inject LPS into the right substantia
nigra. Rats were anesthetized before surgery with ketamine (80 mg/kg; ip) and xylene (5 mg/kg; ip) and
placed on a stereotactic frame with nose and ear bars specially adapted for a rat. LPS dissolved in PBS
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at the concentration of 1 mg/1 ml. The injection needle was lowered via a drill hole 5.5 mm posterior, 1.5
mm lateral, and 8.3 mm ventral to the bregma. A single injection of 5 µl volume from a stock solution of 1
mg/1 ml of LPS was given for 2 minutes using a Hamilton syringe, and the needle was kept in situ for an
additional 2 minutes after each operation to prevent re�ux along the injection tract.

2.4 Experimental procedure
The rats were divided into 6 groups. Group 1 marked as normal control. Group 2 is considered as sham
control. Group 3 received LPS (5µg/5µl). Group 4 & 5 received L-theanine (50 & 100 mg/kg; po) for
starting from day 7 of LPS (5µg/5µl) injection to day 21, Group 6 received a Sinemet combination of
Levodopa and Carbidopa (36 mg/kg; po) starting from the 7th day of LPS (5µg/5µl) injection. Behavioral
parameters recorded on a weekly basis. On day 22, Rats were sacri�ced, and the striatum part of the brain
was isolated to estimate biochemicals, neuroin�ammatory markers, and neurotransmitters.

2.5 Parameters

2.5.1 Assessment of Behavior Parameters
Narrow Beam Walk Test

The narrow beam walk test allows an animal to walk across a narrow beam made up of wooden. This
test was used to determine the gait abnormalities and the number of foot slips of experimental rats
(Southwell et al. 2009). The apparatus consists of a narrow horizontal beam (1 cm in width, 130 cm in
length, and 0.5 mm in thickness), and beam was elevated at 100 cm from the �oor. All rats were trained
with a narrow beam for 5 days before performing experiments. The latency and their foot slip to cross the
beam were recorded in each trial.

Rota-rod Test

The motor coordination and paw grip performance of all animals were evaluated using a Rota-rod
apparatus. The Rota-rod apparatus consists of a rod with a diameter of 75 mm and a height of 40 cm
divided into four sections (Sharma et al. 2016). Before starting the protocol, all rats were trained for �ve
days to habituate to Rota-rod performance. On an experimental day, rats were placed on the rotating rod
at a speed of 25 revolutions per minute (rpm) to assess motor coordination. The average fall-off time
was considered as 180 sec. and the average fall-off time was recorded.

Grip Strength Test

Grip strength of forelimbs of all rats was measured using the grip strength apparatus. Rats were trained
for �ve days on grip strength apparatus before experimenting. The grip strength is expressed as a
kilogram-force (Kgf) (Singh et al. 2017)

Open-Field Test



Page 5/24

The spontaneous locomotor activity of experimental rats was determined using an open �eld apparatus
(Singh et al. 2017). This apparatus is rectangular and made of wood that measures 100 × 100 × 40 cm3.
After animals have become habituated, a single exposure is su�cient to cause movement across the
squares from the animal's habituation. The number of grooming and reading sessions was counted in
less than �ve minutes.

2.5.2 Measurement of Biochemical Parameters
Dissection and Homogenization

On day 22, rats were sacri�ced by cervical dislocation, and their brains were isolated and used to estimate
biochemical, neuroin�ammatory, and neurotransmitters. The brains were placed on dry ice to isolate the
striatum from the brain during the experimental day. Then, brain tissue samples were homogenized with
ice-cold 0.1 M phosphate buffer at pH 7.4 for 10 times (w/v), and the procedure was followed according
to the weight of tissue. The striatal tissue of rat was homogenated and centrifuged for 15 min at 10,000
rpm in a refrigerated centrifuge. The oxidative stress, pro-in�ammatory markers, and neurotransmitters
were measured in this homogenized striatal tissue solution.

Estimation of Lipid Peroxidation (LPO) level

Wills method was used to quantitative measurement of LPO in the striatum (Wills et al. 1971). The
procedure consists of 0.5 ml homogenate and 0.5 ml of Tris HCl pipette out in a test tube, incubated at
37°C for 2 hours. The addition of 1 ml of 10% trichloroacetic acid (TCA) was added after 2 hours of
incubation and centrifugation at 10,000 rpm for 10 minutes, and the supernatant was collected. 1 ml
supernatant was added to 1 ml 0.067 percent thiobarbituric acid, and tubes were placed in boiling water
for 10 minutes and then the samples were cooled at room temperature. The amount of LPO was
determined using a Shimadzu UV-spectrophotometer at a wavelength of 532 nm.

Estimation of Nitrite level

The homogenate tissue was used to measure nitrite level by using the Griess reagent and earlier reported
method by Green et al. 1982 was followed (Green et al. 1982). Equal volumes of Griess reagent and
supernatant were incubated in the dark for 10 minutes. The tissue sample was examined at the 540 nm
wavelength using a UV-spectrophotometer to determine the nitrite level. The nitrite concentration is
determined by comparing it to a sodium nitrite standard curve, and the results are given as a percentage.

Estimation of reduced GSH level

The amount of reduced glutathione (GSH) in the hippocampus was determined using the Ellman method
(Ellman et al. 1959). Following the reaction, the yellow colour was formed, and the intensity of the tested
sample was determined using a UV-spectrophotometer at 412 nm. The results were calculated, and
values were expressed as a percentage.

Estimation of catalase level
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The decomposition of H2O2 determined catalase activity in striatum homogenates at 240 nm following
an earlier published method (Aebi et al. 1984). Homogenate’s tissue was added to 1 ml reaction solutions
containing 0.1 percent Triton X-100, 15 mM H2O2, and 50 mM potassium phosphate at a pH of 7.4. The
units of enzyme activity were calculated using the extinction coe�cient of H2O2, which is 0.0394 mM-
1cm-1. One unit of catalase activity is de�ned as 1 mmol H2O2 consumed/ min/mg of protein.

Estimation of SOD activity

Total SOD activity was determined in brain homogenates using the SOD-inhibitable ferricytochrome c
reduction (MacCord et al. 1969). Homogenates of the brain were suspended in 1 ml reaction solutions
containing 0.03 percent sodium deoxycholate, 10 mM ferricytochrome c, 50 mM xanthine, 100 mM EDTA,
and 50 mM potassium phosphate at a pH of 7.4 with 0.03 percent sodium deoxycholate, 10 mM
ferricytochrome c, 50 mM xanthine, 100 mM EDTA. The reaction was initiated using xanthine oxidase,
and the absorbance was determined at 550 nm using a UV-1700, Shimadzu. 50% inhibition of
cytochrome c reduction is de�ned as 1 unit of enzyme activity.

Estimation of total protein level

The protein level in the homogenate of striatal tissue was determined using the Lowry technique and the
Folin phenol reagent (Lowry et al. 1951).

Mitochondrial Complex-I Activity (NADH Dehydrogenase)

A homogenized brain sample was used to evaluate NADH Dehydrogenase activity. The rate of NADH
oxidation was determined using a UV-spectrophotometer at 340 nm (Yu et al. 1980).

Mitochondrial Complex-IV Activity (Cytochrome Oxidase)

The cytochrome oxidase activity was determined in striatum according to the method of Sottocasa, 1967
(Sottocasa et al. 1967).

2.5.3 Estimation of Pro-in�ammatory Cytokines
The estimation of pro-in�ammatory cytokines (TNF-α, IL-1β, IL-6) of striatal was performed using ELISA
kits.

2.5.4 Neurotransmitters Estimation
Estimation of Catecholamines (norepinephrine, dopamine, serotonin)

Estimation of striatal catecholamines was performed by high-performance liquid chromatography
(HPLC), containing an electrochemical detector (ECD) (Patel et al. 2005).

Estimation of GABA and Glutamate
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The previously described technique of derivatizing amino acids in striatal homogenate solution with o-
phthalaldehyde/mercaptoethanol (OPA/-ME) was used to quantify amino acids. The concentration of
GABA and glutamate in striatal tissue was performed according to the method reported by Lasley and
Gilbert (Lasley et al. 2002).

2.5.5 Immunohistochemistry Analysis
Immunohistochemistry was conducted on 5-micron-thick striatum tissue sections that had been post-
�xed with 5% paraformaldehyde, as reported by Yildirim et al. The tissue sections were dewaxed twice
with xylene for 15 minutes each time, rehydrated with decreasing concentrations of absolute alcohol
(100%, 70%, and 50%), and then rinsed with distilled water for 2 minutes. To retrieve antigens, tissue
sections were soaked in PBS (pH 7.4) for 5 minutes, and peroxidase activity was stopped by incubation
at room temperature for 5 minutes with 3 % hydrogen peroxide. The tissue sections were incubated for 1
hour at room temperature with antibodies against NF-κB and Nrf2 and then rinsed with Tris buffer
solution for 10 minutes. Sections were treated for 30 minutes at room temperature with Poly-Horse radish
peroxidase (Poly-HRP) and then rinsed twice with PBS for 5 minutes each time and incubated with DAB
reagent for 2 minutes. Following DAB reaction, sections were stained with hematoxylin for 3 minutes and
then rinsed with double distilled water for 20 minutes. After drying at room temperature, the sections were
mounted with DPX and imaged at a magni�cation of 100X using a �uorescence microscope (Li et al.
2018).

3. Statistical Analysis
All data are presented as mean ± SD and analyzed via GraphPad Prism 5.0 software for Windows. A
value of p < 0.05 was considered statistically signi�cant.

3. Results
LPS treated rats showed a signi�cant decrease in motor coordination (rotarod activity), narrow beam
walking, grip strength, and locomotor (open �eld) activity at the end of day 21 as compared to the sham
and normal control (p < 0.001). L-theanine treated rats at the dose of (50 and 100 mg/kg; po) from day 7
to 21 had signi�cantly attenuated the motor coordination, narrow beam walking, grip strength, locomotor
activity compared to the LPS treated rats (p < 0.01). However, administration of L-theanine (100 mg/kg)
had signi�cantly improved compared to motor coordination as compare with the L-theanine (50 mg/kg)
(p < 0.01). Additionally, the sinemet (levodopa and carbidopa) treated group had shown signi�cant
improvement in motor coordination, grip strength, narrow beam walking, locomotor activity compared to
LPS, and high dose of L-theanine treated groups (p < 0.05). (Fig. 2,3,4,5).

The level of IL-1β, TNF-α, and IL- 6 were increased in LPS treated rats compared to sham and normal
control rats (p < 0.001). Consequently, L-theanine treated rats at a dose of 50, 100 mg/kg; po had
signi�cantly reduced the neuroin�ammatory markers in the striatum compared to LPS treated rats (p < 
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0.05). Moreover, the group treated with a high dose of L- theanine (100 mg/kg) had signi�cantly
ameliorated the neuroin�ammatory markers in the striatum as compared to L-theanine (50 mg/kg) (p < 
0.01). Additionally, the standard drug-treated group had shown a signi�cant reduction in the level of
neuroin�ammatory compared to LPS and high dose of L-theanine treated groups (p < 0.01). (Fig. 6)

In addition, as compared to the sham and normal control groups, LPS-treated rats exhibited a substantial
reduction in catecholamine (dopamine, serotonin), GABA, and an increase in norepinephrine and
glutamate levels in the striatum (p < 0.001). However, both low and high doses of L-theanine treated
groups had signi�cantly attenuated the reduction in dopamine, serotonin, and GABA levels and decreased
norepinephrine and glutamate levels compared to the LPS treated group (p < 0.01). Additionally,
administration of L-theanine (100 mg/kg) had signi�cantly restored neurotransmitters levels (dopamine,
serotonin, GABA) compared to L-theanine (50 mg/kg) (p < 0.01). Moreover, standard drug (Sinemet) had
shown a signi�cant increase in the level of dopamine, serotonin, GABA and a decrease in the level of
norepinephrine and glutamate in the striatum as compared to LPS and a high dose of L-theanine (p < 
0.01). (Fig. 7, 8)

The level of LPO, nitrite was signi�cantly increased by reducing GSH, catalase, SOD, and mitochondrial
complex I and IV activities in LPS treated striatum compared to sham and normal control group (p < 
0.001). In addition, as compared to the LPS-treated group, treatment with L-theanine at low (50 mg/kg;
po) and high dosage (100 mg/kg; po) reduced LPO and nitrite levels, enhanced GSH, catalase, and SOD
levels, and restored mitochondrial complex I and IV activities (p < 0.01). Moreover, administration of L-
theanine (100 mg/kg; po) had decreased the level of LPO, nitrite level and increased the level of GSH,
catalase, SOD and restored mitochondrial complex activities as compared to L-theanine (50 mg/kg) (p < 
0.01). Rats treated with sinemet had shown signi�cantly decrease the level of LPO, nitrite level and
increase the level of GSH, Catalase, SOD and improvement in mitochondrial complex I and IV activities as
compared to LPS and L-theanine (100 mg/kg) treated rats (p < 0.05). (Table 1,2)
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Table 1
Effect of L-theanine on LPO, Nitrite, GSH, Catalase, and SOD estimation in LPS treated rats. Data was

expressed as Mean ± S.D. ªp < 0.001 vs Normal control and Sham control, p < 0.01 vs LPS, cp<0.01 vs L-
theanine (50 mg/kg), dp<0.05 vs L-theanine (100 mg/kg). Statistical analysis performed by one-way

ANOVA followed by turkey's post hoc test.
Experimental Groups LPO

(nmol/mg
pr)

Nitrite

(µg/ml)

GSH

(µmol/mg
pr)

Catalase

(U/ mg pr)

SOD

(U/ mg pr)

Normal control 1.9 ± 0.4 120.1 ± 7.8 0.142 ± 
0.001

4.38 ± 0.36 5.32 ± 0.45

Sham control 1.8 ± 0.3 120.6 ± 7.6 0.140 ± 
0.002

4.30 ± 0.39 5.29 ± 0.34

LPS 5µg/5µl 6.2 ± 0.4 a 261.7 ± 
10.5 a

0.025 ± 
0.006 a

2. 54 ± 
0.16a

1.45 ± 0.39
a

LPS + L-theanine (50
mg/kg)

5.1 ± 0.7 b 191 ± 8.9 b 0.053 ± 
0.005 b

2.95 ± 
0.18b

2.99 ± 0.46
b

LPS + L-theanine (100
mg/kg)

4.3 ± 0.9bc 158.1 ± 
7.7bc

0.077 ± 
0.008bc

3.5 ± 
0.25bc

3..91 ± 0.38
bc

LPS + Sinemet (36
mg/kg)

2.9 ± 0.7bd 131.4 ± 
8.5bd

0.107 ± 
0.003bd

4.15 ± 
0.21bd

4.85 ± 0.35
bd

Table 2
Effect of L- theanine on mitochondrial complex I and IV in LPS treated

rats. Data was expressed as Mean ± S.D. ªp < 0.001 vs Normal control and
Sham control, p < 0.01 vs LPS, cp<0.05 vs L-theanine (50 mg/kg), dp<0.05

vs L-theanine (100 mg/kg). Statistical analysis performed by one-way
ANOVA followed by turkey's post hoc test.

Experimental Grouping Mitochondrial Complex

Complex I

(nM/mg protien)

Complex IV

(nM/mg protien)

Normal control 12.16 ± 0.12 318.6 ± 12.20

Sham control 11.9 ± 0.13 316.5 ± 7.31

LPS 5µg/5µl 4.01 ± 0.16 a 149.6 ± 8.73 a

LPS + L- theanine (50 mg/kg) 6.1 ± 0.19b 191.0 ± 8.9 b

LPS + L- theanine (100 mg/kg) 8.9 ± 0.23bc 221.1 ± 6.7bc

LPS + Sinemet (36 mg/kg) 11.2 ± 0.21 bd 246.4 ± 5.9bd
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Further, the expression of NF-kB signi�cantly increased after LPS injected in rat striatum compared to
sham and normal control group (p < 0.001). Rats treated with L- theanine at a dose of 50 mg/kg and 100
mg/kg signi�cantly reduced NF-κB expression in the striatum compared to LPS treated group (p < 0.01).
Furthermore, rats treated with 100 mg/kg L- theanine signi�cantly attenuated the NF-κB expression
compared to 50 mg/kg L-theanine (p < 0.001). Moreover, the standard drug-treated group showed
decreased considerably NF-kB expression in the striatum than a high dose of L-theanine treated group (p 
< 0.01). (Fig. 9)

4. Discussion
PD is a progressive neurodegenerative movement disorder caused by a number of factors like oxidative
stress, neurotransmitters dysbalance, mitochondrial dysfunction, and neuroin�ammation. However,
current evidence are contrastingly challenging previous opinions and facts towards an active role of
oxidative stress, neurotransmitter dysbalance, and neuroin�ammation in the progression of motor
disturbances, leading to PD. Therefore, to explore these interactions, pure neuroin�ammation is driven
(LPS induced) animal model of PD was used in the present study (Farooqui et al. 2017). In this study, we
have demonstrated that the administration of L-theanine was able to protect dopaminergic neurons
against LPS induced neuroin�ammatory cytokine release, neurotransmitters imbalance, and
mitochondrial dysfunction in the rat brain through analysis of behavioral parameters, biochemical
estimation (GSH, LPO, nitrite, catalase, and SOD), neuroin�ammatory markers (IL-1β, TNF-α, and IL-6),
and neurotransmitters (serotonin, dopamine, noradrenaline, GABA and glutamate) analysis by using
HPLC-ECD.

The outcomes of the study revealed the protective effect of L-theanine against LPS induced PD-like
symptoms in experimental rats. In order to overcome this, LPS at a dose of 5ug/5ul in PBS was infused
stereotaxically into SNpc of rats. This results in an increase in pro-in�ammatory cytokine activation,
oxidative stress, and neurotransmitter dysregulation. LPS-induced behavioral and motor coordination
de�cits in rats are similarly likely to be observed in people with Parkinsonism, as indicated by tremor,
bradykinesia, and stiffness. (Stigger et al. 2013). Intranigral unilateral infusion of LPS causes the
generation of ROS and OH that caused oxidative damage to membrane lipids, leading to the reduction of
antioxidant molecules (GSH, catalase, and SOD) in SNpc (Anusha et al. 2017). GSH is an antioxidant
enzyme responsible for buffering free radicals through reducing H2O2 and organic peroxides (Lobo et al.
2010). Moreover, LPS is highly lipophilic, directly inhibiting the mitochondrial complex I and IV and
increasing oxidative stress.

Additionally, it has been shown in pre-clinical and clinical research investigations that catalase and SOD
enzymes activity decreased in the substantia nigra and putamen part of the brain. These enzyme
alterations may be directly linked to substantia nigra neuron loss and show Parkinson's like symptoms. In
PD, these enzyme activities were decreased in the substantia nigra, caudate, and putamen (Jenner et al.
1996).
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In the present study, unilaterally infused LPS within SNpc resulted in the activation of neuroin�ammatory
markers. Their activation released numerous pro-in�ammatory substances, which have been implicated
in dopaminergic neuronal death (Machado at al. 2011). The direct and indirect dopaminergic pathways
of basal ganglia are involved in movements, whereas an imbalance between these pathways results in
uncontrolled involuntary movements resulting from progressive dopaminergic neuron degeneration and
subsequent changes in striatal neurotransmitter signalling (Crittenden et al. 2011).

In the present research, intranigral injection of LPS induced nigrostriatal area regression and substantially
reduced levels of neurotransmitters such as dopamine, serotonin, GABA, and increased the level of
norepinephrine, glutamate in the striatum. Although excitotoxicity does not directly cause this damage, it
is a major role in the oxidation of catecholamines and their processing by monoamine oxidase enzymes
(Wajner et al. 2004).

NF-κB is a transcription factor that has a role in the regulation of the in�ammatory response. The NF-κB
is primarily found in the cytoplasm of resting cells, complexed with the inhibitory IκB family members.
When in�ammatory stimuli such as LPS is present, the IB protein is phosphorylated by IB kinase and
dissociated from NF-κB, activating the NF-κB signalling pathway. When activated, NF-κB translocate into
the nucleus and interacts with the promoter regions of downstream genes, thus controlling their
expression in cells. LPS is a potent inducer of NF-κB in neuronal cell death through intracellular ROS
production and microglial cells activation (An et al. 2020).

L-theanine treatment improved both motor dysfunction and behavioral de�cits. The motor changes and
behavioral impairments were measured using narrow beam walk, rotarod test, open �eld, and grip
strength. After the restored motor performance, L-theanine (50 and 100 mg/kg; po) treated rats showed a
signi�cant and dose-dependent improvement in neuromuscular coordination and grip strength. We also
observed that L-theanine treatment restored the levels of GSH through scavenging superoxide anion and
peroxyl radicals. Lipid peroxidation within the membrane and its excessive level is measured as an
indicator of oxidative stress, which results in cellular damage through peroxidation in phospholipids
membranes (Paradies et al. 1999).

However, L-theanine administration reduced the LPO level in LPS infused rats. This reduction in LPO
revealed the antioxidant potential of L-theanine through scavenging ROS, involving superoxide, hydroxyl
radical, and peroxyl radicals. RNS (Reactive Nitrogen Species) consists of non-reactive molecule nitric
oxide (NO), a chemical messenger that participated in the pathogenesis of PD. NO in combination with
O2−, produced harmful and reactive peroxynitrite oxidant (ONOO−), responsible for producing lipid
peroxidation in the biological membrane (Korkmaz et al. 2006). We also found that administration of L-
theanine in LPS treated rats show that neuroin�ammatory cytokine markers were brought back to normal.
This signi�ed the anti-in�ammatory potential of L-theanine towards halting the progression of PD. L-
theanine low (50 mg/kg; po) and high dose (100 mg/kg; po) starting from the 7th day of (LPS 5ug/5ul)
injection to 21st day, dose-dependently restored the level of dopamine, serotonin, GABA and decreased
the level of NE, and glutamate in LPS infused rats. Hence, L-theanine maintained neural circuits and
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controlled movement impairments. To further de�ne the mechanism by which L-theanine showed its
therapeutic bene�ts in LPS-induced PD, we examined L-theanine's effects on NF-κB signaling pathways.
Thus, L-theanine may exert its inhibitory impact on intracellular ROS generation via inhibiting NF-κB
activation triggered by LPS. In the previously published paper, green tea extracts L-theanine reduced the
activation of NF-κB in various cell types, including neuronal cells exposed to various oxidative or
in�ammatory stimuli (Kim et al. 2009). Therefore, it is possible that the ability of L-theanine to prevent
ROS generation could be related to its inhibitory effect on LPS-induced stratum neuronal death through
inhibition of NFκB. In the present study, we found that theanine prevents the LPS induction of NF-κB by
anti-in�ammatory impact and could be implicated in the protective effect against LPS-induced
Parkinsonism-like symptoms in rats.

Based on our �ndings, L-theanine has therapeutic potential and needs further exploration to enhance
scienti�c understanding of its role in treating and managing PD. Pertinently, it can be hypothesized that L-
theanine reported bene�cial effects towards improving motor functions and could be attributed to its
neuroprotective abilities, which can be further associated with its anti-in�ammatory, antioxidant activity,
and capacity to restored the level of striatal neurotransmitters. L-theanine reduces neuroin�ammation;
reduced neurodegeneration, neurotransmitter alteration, and neuronal destruction. Moreover, our �ndings
proved that treatment with L-theanine might be therapeutically bene�cial in treating PD-like symptoms
because the study results showed dose-dependently improvement in defects.

5. Conclusion
The positive impact of L-theanine was shown to improved motor functions and locomotor activity, as
demonstrated by the open �eld, rotarod, narrow beam walk, and grip strength e�ciency. This is likely due
to its antioxidant and anti-in�ammatory properties and ability to restored striatal neurotransmitters. The
present study �ndings revealed that L-theanine may be a hallmark for preventing LPS induced
degeneration of dopaminergic neurons through decreased oxidative stress and restored GSH, catalase,
and SOD activities, reduced rates of neuroin�ammatory markers, increased levels of serotonin, dopamine,
GABA, and decreased levels of norepinephrine and glutamate. In addition, L-theanine could be useful in
treating PD due to its ability to inhibit neuronal cell death via inhibition of NF-κB pathways. Therefore, the
outcome of this research showed therapeutic value for L- theanine in neurodegenerative disorders like PD.
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Figure 2

Effect of L-theanine treatment on motor coordination (rotarod activity) in LPS treated rats Effect of L-
theanine on motor coordination in LPS treated rats. Data was expressed as Mean ± S.D. ªp<0.01 vs
Normal control and Sham control, p<0.05 vs LPS, cp<0.05 vs L-theanine (50 mg/kg), dp<0.05 vs L-
theanine (100 mg/kg). Statistical analysis performed by two-way ANOVA followed by Bonferroni's
multiple comparison.
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Figure 3

Effect of L-theanine treatment on grip strength activity in LPS treated rats Effect of L-theanine on
muscular strength in LPS treated rats. Data was expressed as Mean ± S.D. ªp<0.001 vs Normal control
and Sham control, p<0.05 vs LPS,  p<0.05 vs L-theanine (50 mg/kg), dp<0.05 vs L-theanine (100
mg/kg). Statistical analysis performed by two-way ANOVA followed by Bonferroni's multiple comparison.
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Figure 4

a, b) Effect of L-theanine treatment on narrow beam walking in LPS treated rats a) Evaluation of latency
time through narrow beam walk test Effect of L-theanine on motor coordination in LPS treated rats. Data
was expressed as Mean ± S.D. ªp<0.001 vs Normal control and Sham control, p<0.01 vs LPS,  p<0.05 vs
L-theanine (50 mg/kg), dp<0.05 vs L-theanine (100 mg/kg). Statistical analysis performed by two-way
ANOVA followed by Bonferroni's multiple comparison. b) Evaluation of number of foot slips through
narrow beam walk test Effect of L-theanine on motor coordination in LPS treated rats. Data was
expressed as Mean ± S.D. ªp<0.001 vs Normal control and Sham control, p<0.01 vs LPS,  p<0.05 vs L-
theanine (50 mg/kg), dp<0.05 vs L-theanine (100 mg/kg). Statistical analysis performed by two-way
ANOVA followed by Bonferroni's multiple comparison.
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Figure 5

Effect of L-theanine treatment on locomotor (open �eld) activity in LPS treated rats Effect of L-theanine
on motor coordination in LPS treated rats. Data was expressed as Mean ± S.D. ªp<0.001 vs Normal
control and Sham control, p<0.01 vs LPS,  p<0.05 vs L-theanine (50 mg/kg), dp<0.05 vs L-theanine (100
mg/kg). Statistical analysis performed by two-way ANOVA followed by Bonferroni's multiple comparison.
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Figure 6

Neuroin�ammatory Markers Estimation (TNFα, IL-1β, and IL-6) Through ELISA Kits Effect of L-theanine
on TNF-α, IL-1β and IL-6 on LPS treated rats. Data was expressed as Mean ± S.D. ªp<0.001 vs Normal
control and Sham control, p<0.05 vs LPS,  p<0.01 vs L-theanine (50 mg/kg), dp<0.01 vs L-theanine (100
mg/kg). Statistical analysis performed by one-way ANOVA followed by turkey's post hoc test.
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Figure 7

Effect of L-theanine on brain catecholamines (norepinephrine, dopamine, serotonin) in LPS treated rats
Effect of L-theanine on norepinephrine, dopamine, serotonin levels in LPS treated rats. Data was
expressed as Mean ± S.D. ªp<0.001 vs Normal control and Sham control, p<0.01 vs LPS, cp<0.01 vs L-
theanine (50 mg/kg), dp<0.01 vs L-theanine (100 mg/kg). Statistical analysis performed by one-way
ANOVA followed by turkey's post hoc test.
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Figure 8

Effect of L-theanine on glutamate and GABA in LPS treated rats Effect of L-theanine on glutamate and
GABA on LPS treated rats. Data is expressed as Mean ± S.D. ªp<0.001 vs Normal control and Sham
control, p<0.01 vs LPS,  p<0.05 vs L-theanine (50 mg/kg), dp<0.05 vs L-theanine (100 mg/kg).
Statistical analysis performed by one-way ANOVA followed by turkey's post hoc test.
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Figure 9

Effect of L-theanine on NF-κB expression in LPS treated rats Effect of L-theanine on NF-κB expression in
LPS treated rats. Data was expressed as Mean ± S.D. ªp<0.001 vs Normal control and Sham control,
p<0.01 vs LPS,  p<0.001 vs L-theanine (50 mg/kg), dp<0.01 vs L-theanine (100 mg/kg). Statistical

analysis performed by one-way ANOVA followed by turkey's post hoc test. Arrow indicted the expression
of NF-κB 10 X objective with scale bar 20 µm


