Cognitive Neurodynamics (2019) 13:191-200
https://doi.org/10.1007/s11571-018-9513-1

RESEARCH ARTICLE

@ CrossMark

L-menthol exhibits antidepressive-like effects mediated
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Abstract

Major depression disorder, also known as depression, with a significant and persistent low mood as the main clinical
features, is the main type of mood disorders. L-menthol (LM), the main active ingredient of mint, has been considered as
safe and healthy natural ingredient by the Food and Drug Administration in the USA. In this study, LM (40 mg/kg, i.g.)
produced antidepressant-like effect in the forced swimming test (FST) in mice. The sub-effective dose (5 mg/kg, i.g.) of
LM combined with the sub-effective dose of fluoxetine (5 mg/kg, i.p.) or reboxetine (2.5 mg/kg, i.p.) could significantly
shorten the immobility time in the FST. Pretreatment with ondansetron (a highly selective 5-HT3 receptor antagonist,
8 mg/kg, i.p.), bicuculline [a competitive y-aminobutyric acid (GABA) antagonist, 4 mg/kg, i.p.] and haloperidol (a non-
selective D, receptor antagonist, 0.2 mg/kg, i.p.) significantly reversed the antidepressant-like effect of LM (40 mg/kg,
i.g.). In contrast, prazosin (a ol-adrenoceptor antagonist, 1 mg/kg, i.p.) and N-methyl-p-aspartic acid (an agonist at the
glutamate site, 75 mg/kg, i.p.) did not eliminate the antidepressant-like effect of LM. All of these above indicated that LM
is able to induce an antidepressant-like effect mediated by the modification of 5-HTergic, GABAergic and DAergic
systems in the FST. LM might be used as combination therapy in depressed patients and is a potential antidepressant.
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Introduction

Major depression disorder (MDD), also known as depres-
sion, with a significant and persistent low mood as the main
clinical features, is the main type of mood disorders. MDD
is a serious threat to human health due to its high preva-
lence, high recurrence rate, high disability, and high sui-
cide rate. Depression brings pain to the patient and brings a
great financial burden to society (Lepine and Briley 2011).
On a global scale, the losses caused by depression have
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ranked second in all diseases. By 2030, the disease burden
of depression will rank first (Ng et al. 2014). Therefore,
scientific research related to the prevention and treatment
of depression has become an important topic of concern. So
far, the pathogenesis of depression is not entirely clear, the
dominant point of view is the brain monoamine neuro-
transmitter metabolic disorders theory (Marecos et al.
2014). Drug therapy is the most common and important
treatment for emotional disorders, especially MDD. The
clinical commonly used antidepressants were usually
divided into tricyclic antidepressants (TCAs), monoamine
oxidase inhibitors (MAOIs), selective serotonin reuptake
inhibitors (SSRIs), selective norepinephrine reuptake
inhibitors (NARIs) according to their chemical structure
and mechanism of action (Sultana et al. 2014). Unfortu-
nately, the efficacy of these drugs is unsatisfactory and
often produces multiple unwanted side effects. So it is
urgent to find a safe and effective antidepressant.

Mint, the dried aerial part of the Lamiaceae plant
Mentha haplocalyx Briq., is cool-natured, acrid flavour,
and enters the meridians of lungs and liver in the theory of
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Traditional Chinese Medicine (TCM). In the Tang Dynasty
(Chinese), mint as a drug with dispersing stagnated liver
“qi” which is defined as the motive force of life activity in
TCM, was recorded in the “Xin Xiu Ben Cao”. The Chi-
nese medicine theory displays that the pathogenesis of
depression is the stagnation of liver qi. Treatment of
depression should be based on disperse and rectify the
depressed liver gi. L-menthol (LM) is the main active
ingredient of the mint, and its content is up to 87% in the
essential oil of mint (Lin et al. 2002). The previous study
showed that LM could promote mouse activity, which
might be associated with dopamine (Henderson et al.
2017). Therefore, this study would initially determine the
antidepressant-like effect of LM and the mechanisms of
action in a mice experimental model.

Methods and materials
Animal and agents

Male ICR mice, weighing 18-22 g, were provided by
Changchun Yisi Experimental Animal Technology Co.,
Ltd. with certificate of quality no. SCXK 2016-0003
(Changchun, China). The mice were fed a standard diet in a
controlled environment under a normal circadian rhythm at
25 &+ 1 °C and 55 £ 5% humidity. All experiments were
carried out in accordance with the Guide for Animal
Experimentation of Jilin Agricultural University.

LM (purity 99.2%) was purchased from Macklin
(Shanghai, China); PBS was from Hyclone (Beijing,
China). Fluoxetine (FLU, an antidepressant drug belonging
to 5-HT reuptake inhibitor), reboxetine (an antidepressant
drug belonging to NE reuptake inhibitors) and tianeptine
(an antidepressant drug belonging to TCAs), ondansetron
(a highly selective 5-HT3 receptor antagonist), prazosin
(ol-adrenoceptor antagonist), haloperidol (a non-selective
D, receptor antagonist), bicuculline (a competitive GABA
antagonist) and N-methyl-p-aspartic acid (NMDA, an
agonist at the glutamate site) were from Sigma (St. Louis,
MO, USA). The detecting ELISA kits of 5-HT, DA,
GABA, Glu and NE were from R&D Systems, Ltd.
(Minneapolis, USA). All other reagents used in this study
were of analytical grade.

The spontaneous locomotor activity test (SLT)

In order to exclude the possibility that the alteration in the
immobility time in the forced swimming test (FST) was
due to interference of the locomotor activity, spontaneous
locomotor activity of each mouse was observed in a ZZ-6
mouse autonomic activity test instrument (Shanghai bene-
fits of the medical equipment Development Co., Ltd.,
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Shanghai, China). The total voluntary activity times of
each mouse were measured within 20 min. The experi-
mental video analysis system was placed in a sound
attenuated testing room (Kamei et al. 1994; Tozzi et al.
2018; Yamagata et al. 2018).

The forced swimming test (FST)

After 60 min of a single-dose drug treatment, the mice
were placed in a glassware (20 cm high, 14 cm in diame-
ter), containing 15 cm of fresh water at 25 °C. After an
initial 2 min period of vigorous activity, each animal
assumed a typical immobile posture. A mouse was
immobile when it remained floating in the water without
struggling, making only minimum movements of its limbs
necessary to keep its head above water. The total duration
of immobility was recorded during the next 4 min of a total
6 min test. The changes in immobility duration were
studied after administering drugs in separate groups of
mice. Each mouse was used only once (Porsolt et al. 1977;
Hiraoka et al. 2017).

Drug treatment

LM and other medicines were dissolved in physiological
saline (0.9% NaCl aq) immediately before use. The
administration operators were blind to the drugs including
the vehicles, the tested materials, antidepressant drugs and
receptor antagonists and agonists. The observers were also
blind to the drug treatment. According to the existing
experimental protocol (Lin et al. 2017; Palucha-Poniewiera
et al. 2017; Bian et al. 2018), specific tests were arranged
as follows.

The effect of LM on locomotor activity in the SLT

After 30 min of a single-dose LM (1 mg/kg, 5 mg/kg,
20 mg/kg, 40 mg/kg and 80 mg/kg, i.g., respectively)
administration, mice were placed in the autonomous
instrument. The times of autonomous activities were
evaluated over a 20-min period. Each animal was used only
once.

The antidepressant-like effect of LM in the FST

The mice of blank control group, LM groups (1 mg/kg,
5 mg/kg, 20 mg/kg, 40 mg/kg and 80 mg/kg, i.g., respec-
tively) were administrated and the immobility period was
recorded after 60 min of a single-dose administration. The
mice of FLU group were administered with a single 20 mg/
kg of FLU by intraperitoneal (i.p.) injection 60 min prior to
the FST.
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The antidepressant-like effect of co-administration of LM
(5 mg/kg) and antidepressant drugs in the FST

Positive drug groups (sub-effective doses): the mice were
administered with a single-dose of FLU (5 mg/kg, i.p.),
tianeptine (15 mg/kg, i.p.) and reboxetine (2.5 mg/kg, i.p.)
60 min prior to the FST, respectively. Positive drug + LM
groups (sub-effective doses): the mice were administered
with a single-dose of FLU (5 mg/kg, i.p.), tianeptine
(15 mg/kg, i.p.) and reboxetine (2.5 mg/kg, i.p.) immedi-
ately after the administration of a single-dose of LM (5 mg/
kg, i.g.) 60 min prior to the FST. And all mice were per-
formed the FST after 60 min.

The roles of different central nervous system (CNS)
functions in the antidepressant-like effect of LM (40 mg/kg)
in the FST

Ondansetron group: the mice were administered with a
single-dose of ondansetron (8 mg/kg, i.p.) 60 min prior to
the FST. LM + ondansetron group: the mice were
administered a single-dose of ondansetron (8 mg/kg, i.p.)
30 min prior to a single-dose of LM (40 mg/kg, i.g.)
treatment. And all mice were performed the FST after
60 min.

Prazosin group: the mice were administered with a
single-dose of prazosin (1.0 mg/kg, i.p.) 60 min prior to the
FST. LM + prazosin group: the mice were administered
with a single-dose of prazosin (1.0 mg/kg, i.p.) 30 min
prior to a single-dose of LM (40 mg/kg, i.g.) treatment.
And all mice were performed the FST after 60 min.

Bicuculline group: the mice were administered with a
single-dose of bicuculline (4.0 mg/kg, i.p.) 60 min prior to
the FST. LM + bicuculline group: the mice were admin-
istered with a single-dose of bicuculline (4 mg/kg, i.p.)
30 min prior to a single-dose of LM (40 mg/kg, i.g.)
treatment. And all mice were performed the FST after
60 min.

Haloperidol group: the mice were administered with a
single-dose of haloperidol (0.2 mg/kg, i.p.) 60 min prior to
the FST. LM + haloperidol group: the mice were admin-
istered with a single-dose of haloperidol (0.2 mg/kg, i.p.)
30 min prior to a single-dose of LM (40 mg/kg, i.g.)
treatment. And all mice were performed the FST after
60 min.

NMDA group: the mice were administered with a sin-
gle-dose of NMDA (75 mg/kg, i.p.) 60 min prior to the
FST. LM + NMDA: the mice were administered with a
single-dose of NMDA (75 mg/kg, i.p.) 30 min prior to a
single-dose of LM (40 mg/kg, i.g.) treatment. And all mice
were performed the FST after 60 min.

Biochemical measurements

After the FST, all mice were sacrificed by cervical dislo-
cation, and the brains were harvested for biochemical
analysis. The mice brain tissues were washed with ice-cold
physiological saline, weighed the weight, added 9 times of
cold PBS (pH 7.4) and homogenized, shaken for 10 s and
centrifuged at 12,000 rmp for 5 min at 4 °C. The super-
natants were collected for the detection of 5-HT, DA, NE,
GABA, Glu contents by ELISA Kkits.

Statistical analysis

All experimental data were expressed as mean = SEM.
The data were analyzed using the ¢ test and one-way
analysis of variance (ANOV As), followed by Tukey’s post-
hoc multiple comparison test. A value of p < 0.05 was
considered statistically significant for analysis.

Results
Effect of LM on the locomotor activity

The results of the SLT are shown in Fig. 1. After a single-
dose of LM (1 mg/kg, 5 mg/kg, 20 mg/kg, 40 mg/kg and
80 mg/kg, i.g., respectively) administration, there were no
significant changes in the number of activities and standing
times of mice in the LM treatments compared with those in
the blank control group. It showed the LM treatment did
not affect the spontaneous activity of mice. Therefore, the
false positive effect in the behavioral despair tests could be
ruled out.
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Fig. 1 Effects of LM on spontaneous locomotor activity. The values

are represented as the mean == SEM (n = 10). Data were analyzed by
t test and one-way ANOVAs

@ Springer



194

Cognitive Neurodynamics (2019) 13:191-200

Effects of LM on immobility time in the FST

The change in immobility time of mice in the FST is a
common indicator of the success of animal behavioral
despair model and has been used for rapid screening and
evaluation of antidepressants. As revealed in Fig. 2a,
compared with the blank control group, a single-dose
administration of LM (20 mg/kg, 40 mg/kg and 80 mg/kg,
i.g., respectively) significantly reduced the immobility time

>

40 T -|-
T T

10 -

The immobility time in the FST (S)

0- T T
O S ()
& & &
A A
S e
C
50 -

*%

The immobility time in the FST (S)

() )
& & &
‘)& ‘)& ‘)&
fb. fb.
Vv . @
X XM
& +°
(«) oO
€ PO
x
N
66‘
&
A%

Fig. 2 a Effects of different doses of LM on the immobility time in
the FST, b the antidepressant-like effect of the co-administration of
sub-effective dose of LM (5 mg/kg, i.g.) with fluoxetine (5 mg/kg,
i.p.) in the FST, ¢ the antidepressant-like effect of the co-adminis-
tration of sub-effective dose of LM (5 mg/kg, i.g.) with reboxetine
(2.5 mg/kg, i.p.) in the FST, d the antidepressant-like effect of the co-
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(F (1, 18)=38.585, p<0.01 or F (1, 18)=1.347,
p < 0.05); and the 40 mg/kg of LM treatment exhibited the
strongest activity; but 1 mg/kg and 5 mg/kg of LM treat-
ment did not display effect on immobility time. Therefore,
we selected 5 mg/kg and 40 mg/kg as the sub-effective
dose and the effective dose, respectively.
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administration of sub-effective dose of LM (5 mg/kg, i.g.) with
tianeptine (15 mg/kg, i.p.) in the FST. The values were represented as
the mean + SEM (n = 10). Data were analyzed by ¢ test and one-way
ANOVAs, followed by Tukey’s post hoc test. ***p < 0.001;
**p < 0.01; *p < 0.05 compared with the blank control group
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The antidepressant-like effect of co-
administration of the sub-effective doses of LM
(5 mg/kg) and antidepressant drugs in the FST

The results of co-administration in the FST were shown in
Fig. 2b—d. As revealed in Fig. 2b, in the FST, compared
with that of the blank control group, the sub-effective dose
of FLU (5 mg/kg, i.p.) or the sub-effective dose of LM
(5 mg/kg, i.g.) could not reduce the immobility time, while
the co-administration of the sub-effective dose of FLU
(5 mg/kg, i.p.) and LM (5 mg/kg, i.g.) led to a significant
reduction in the immobility time (F (1, 18) = 39.673,
p < 0.01).

As revealed in Fig. 2c, the results showed that LM
(5 mg/kg, i.g.) or reboxetine (2.5 mg/kg, i.p.) administered
alone exhibited no significant effect on the immobility
time, while the co-administration of sub-effective doses of
reboxetine (2.5 mg/kg, i.p.) and LM (5 mg/kg, i.g.) could
significantly reduce immobility time compared with the
blank control group (F (1, 18) = 35.568, p < 0.01) in the
FST.

Figure 2d revealed that the co-administration of sub-
effective doses of LM (5 mg/kg, i.g.) and tianeptine
(15 mg/kg, i.p.) could not reduce the immobility time
compared with that of the blank control group in the FST.
The results showed there was no difference for LM treat-
ment, tianeptine administration, co-administration of tia-
neptine and LM, and the blank control.

The roles of different CNS functions
in the antidepressant-like effect of LM (40 mg/
kg) in the FST

As shown in Fig. 3a—c, compared with the LM (40 mg/kg,
i.g.) administered alone, LM (40 mg/kg, i.g.) + on-
dansetron or LM (40 mg/kg, i.g.) 4+ bicuculline or LM
(40 mg/kg, i.g.) + haloperidol could significantly increase
the immobility time (F (1, 18) = 38.019, p < 0.01; F (1,
18) = 15.115, p < 0.01; F (1, 18) =23.721, p < 0.01),
which indicated that the ondansetron or bicuculline or
haloperidol partly eliminated the antidepressant-like effect
of LM.

As shown in Fig. 3d, e, LM (40 mg/kg, i.g.) + prazosin
or LM (40 mg/kg, i.g.) + NMDA compared with the blank
group exhibited a significant difference, but there was no
difference compared with LM (40 mg/kg, i.g.), which
indicated that prazosin and NMDA did not reduce the
antidepressant-like effect of LM.

Effects of LM on the levels of 5-HT, GABA, DA, NE
and Glu in mice exposed to the FST

As revealed in Fig. 4a—c, compared with the blank control
group, the levels of 5-HT, GABA and DA were evidently
increased in the LM (40 mg/kg) group (F (1, 18) = 5.929,
p<005 F (1, 18)=131.183; p<0.01; F (1,
18) = 23.663, p < 0.01) and co-treatment group (F (1,
18) = 2.196, p < 0.05; F (1, 18) = 16.950; p < 0.01; F (1,
18) = 2.572, p < 0.05). Meanwhile, compared with the
ondansetron group, bicuculline group and haloperidol
group, the levels of 5-HT, GABA and DA evidently
increased in the co-treatment group (F (1, 18) = 5.704,
p < 0.05; F (1, 18) = 28.064; p < 0.01; F (1, 18) = 2.592,
p < 0.05). However, as revealed in Fig. 4d, e, compared
with the blank control group, LM (40 mg/kg) + prazosin
group or LM (40 mg/kg) + NMDA group showed no
difference; and there was no difference between the co-
treatment groups and the prazosin group or NMDA group.

Discussion

The FST is one of the most widely used behavioral despair
models to assess the antidepressant activity of drugs
(Mezadri et al. 2011; Pesarico et al. 2014). To exclude the
possibility that the alteration in the immobility time in the
FST was due to interference of the locomotor activity, the
mice were subjected to the locomotor activity test (Bian
et al. 2018). In this study, it was indicated that LM
exhibited antidepressant-like effects. The previous studies
showed that the co-administration with antidepressant
drugs might produce a better effect or faster onset speed
than mono-therapy (Tardito et al. 2012; Zhang et al. 2014).
This study indicated that the combination of LM and
reboxetine, as well as LM and FLU showed synergistic
effects, while LM and tianeptine did not display this per-
formance in combination. As we known, FLU works as
5-HT reuptake inhibitor, and reboxetine acts as NE reup-
take inhibitor, while tianeptine (an antidepressant drug
belonging to TCAs) act as an atypical agonist of the p-
opioid receptor with clinically negligible effects on the o-
and x-opioid receptors (Gassaway et al. 2014); obviously,
these three antidepressant drugs have different mechanisms
of action. Based on the results of this study, it can be
speculated that the mechanism of action of LM is closer to
those of FLU and reboxetine.

Depression is a complex brain disease. Epidemiological
studies show that the risk of suffering from depression about
40-50% is caused by genetic causes (Ikeda et al. 2002;
Belmaker and Agam 2008). At present, people have deter-
mined the psychological, biological, social environment and
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«Fig. 3 a Effects of pre-treatment with ondansetron (8 mg/kg, i.p.) on
the antidepressant-like effect induced by LM (40 mg/kg, i.g.) in the
FST, b effects of pre-treatment with bicuculline (4 mg/kg, i.p.) on the
antidepressant-like effect induced by LM (40 mg/kg, i.g.) in the FST,
¢ effects of pre-treatment with haloperidol (0.2 mg/kg, i.p.) on the
antidepressant-like effect induced by LM (40 mg/kg, i.g.) in the FST,
d effects of pre-treatment with prazosin (1 mg/kg, i.p.) on the
antidepressant-like effect induced by LM (40 mg/kg, i.g.) in the FST,
e effects of pre-treatment with NMDA (75 mg/kg, i.p) on the
antidepressant-like effect induced by LM (40 mg/kg, i.g) in the FST;
The values were represented as the mean &+ SEM (n = 10 in each
group). Data were analyzed by ¢ test and one way ANOV As, followed
by Tukey’s post hoc test. ***p < 0.001; **p < 0.01; *p < 0.05
compared with the blank control group; "p < 0.01; *p <0.05
compared with LM group

other factors involved in the pathogenesis of depression, and
these factors do not work alone. So far, the pathogenesis of
depression is not very clear; the researchers put forward a
variety of hypothesis since 1965. Some studies have found
that NE, 5-HT, DA and other monoamine neuron function is
insufficient induced the occurrence of depression (Mayberg
2003; Rajkowska 2003). In addition, the researchers also
found that some other neurotransmitters, such as acetyl-
choline and Glu, are closely related to the occurrence of
depression (Walker et al. 2013). Monoamine hypothesis is
gradually recognized as one of the most important
hypotheses about the pathogenesis of depression. The
monoamine hypothesis indicates that depression is due to a
low level of monoamine neurotransmitters in the brain.

5-HT; is a ligand-gated ion channel receptor. Studies
have shown that 5-HTj closely related to the pathogenesis
of many diseases, such as mood disorders, cognitive dys-
function, bowel syndrome, addiction and so on (Walstab
et al. 2010; Guo et al. 2018). The mice who knocked out
5-HT; genes showed anxiolytic behavior, 5-HT; antago-
nists have also shown a series of anxiolytic effects
(Thompson and Lummis 2005). Expression of 5-HTj3 in the
hippocampus has been shown to be negatively correlated
with the incidence of depression in women, that is to say,
the expression of 5-HT; is involved in the regulation of
mood (Krzywkowski et al. 2008). Ondansetron is a highly
selective 5-HT; receptor antagonist, ondansetron can also
bind to 5-HT; or 5-HT, receptor, but the affinity with the
5-HTj receptor is 250-500 times that with other receptors.
In this study, ondansetron could partially block the
antidepressant-like activity of LM, and partly curb the
increase of 5-HT level in the brain caused by LM, which
indicated that the antidepressant-like activity of LM might
participate in the serotonergic system.

GABA is the most important inhibitory neurotransmitter
in the CNS of mammals; approximately 50% of neuro-
transmitters in the CNS are GABA (Salat et al. 2013). In
the brain, GABA acts primarily as an inhibitory

neurotransmitter (T6th et al. 2018). Central GABA levels
and GABA receptor dysfunction are associated with epi-
lepsy, depression and mental illness (Frisardi et al. 2011;
Hao et al. 2018). Studies of depression in animal models
have shown that GABA is significantly reduced in exper-
imental animals in the chronic stress depression model,
forced swimming, and other animal models; and supple-
ment action of GABA can alleviate depression-like
behavior (Sherman and Petty 1980; Borsini et al. 1988;
Gronli et al. 2007; Machado-Vieira et al. 2009). In this
study, bicuculline (a competitive GABA antagonist) par-
tially blocked the antidepressant-like activity of LM, and
partly prevented the increase of GABA level in the brain
caused by LM, indicating that the antidepressant-like
activity of LM might participate in the GABA system.

The disturbance of DA circuitry is well acknowledged in
the pathophysiology of mood disorders; and it is empha-
sized for the implication and role of dopaminergic neuro-
transmission in the pathophysiology of depression (Brocco
et al. 2006). Pharmacologic silencing of the dopaminergic
system through a chemical blockade of its receptors or
depletion of DA content of dopaminergic neurons can
mimic depressive-like behavior in animal models (Ellrich
2005; Dunlop and Nemeroff 2007; Gershon et al. 2007).
Pharmacologic experiments suggest that the DA D,-like
receptors play a key role in the response to biological
antidepressant treatments. Several reports have shown that
chronic antidepressant treatment increases D,-like binding
activity in the nucleus accumbens of rats (Frye et al. 2007,
Amiri et al. 2016). The haloperidol acts as a D, antagonist
with high affinity for the receptors. In this study,
haloperidol (a classic non-selective D, receptor antagonist)
partially inhibited the antidepressant-like activity of LM,
and partly restrained the increase of DA level in the brain
caused by LM, indicating that LM might play an antide-
pressant-like role through the dopaminergic pathway.

Biogenic amines NE and Glu also play important roles
in the pathophysiology of MDD. However, the results of
this study showed that the LM did not take part in the
noradrenergic system or glutamatergic system of the mice
in the FST.

As mention above, based on the synergistic effects of
LM and reboxetine, as well as LM and FLU, the changes in
brain neurotransmitters caused by LM, including NE,
GABA and DA, and the cases that the antidepressant-like
effects of LM partially inhibited by ondansetron (a highly
selective 5-HT; receptor antagonist), bicuculline (a com-
petitive GABA antagonist), and haloperidol (a classic non-
selective D, receptor antagonist), the mechanism of
antidepressant-like effects of LM may be related to the
5-HTergic, GABAergic and DAergic systems. The further
mechanisms of action of LM on the regulating monoamine
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<«Fig. 4 Effects of LM, ondansetron, bicuculline, haloperidol, prazosin,
NMDA and co-treatments on the 5-HT (a), GABA (b), DA (¢), NE
(d) and Glu (e) levels in the brains of mice exposed to the FST. The
values were represented as the mean = SEM (n = 10 in each group).
Data were analyzed by ¢ test and one-way ANOVAs, followed by
Tukey’s post hoc test., *p < 0.05; **p < 0.01 compared with control
group; *p < 0.05; ¥p < 0.01 compared with ondansetron (a), bicu-
culline (b) and haloperidol (c)

neurotransmitters in the brain will be designed and studied
in our subsequent experiments.

Conclusion

The results of this study demonstrated that LM was able to
induce an antidepressant-like effect in a mouse model of
depressive behavior, and this effect might be partially
mediated by dopaminergic, 5S-HTergic and GABAergic. On
the other hand, the combination of LM and reboxetine, as
well as LM and FLU showed synergistic effects, and LM
might be used as combination therapy in depressed
patients. As a safe and healthy natural ingredient, LM
might be a potential antidepressant-like drug and food
additive.
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