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ARTICLE INFO ABSTRACT

Keywords: Ganoderma lucidum is known as lingzhi mushroom, which is said to have medicinal properties by the local
Mushroom residents. This research was focused to assess the antidepressant, anxiolytic, and sedative activities of the
Ami,dEpr_essam mentioned mushroom extracts by means of in vivo and in silico approaches. The antidepressant, anxiolytic, and
2:;;313:6 sedative properties of the methanol extracts of G. lucidum (MEGL) were assessed using the forced swim test hole

board, open field test, elevated plus maze, hole cross test, and thiopental sodium-induced sleeping time. The
extracts revealed significant antidepressant, anxiolytic, and sedative activities in a dose-dependent manner.
Rutin and quercetin were found to be the most effective enzyme inhibitors in the molecular docking study.
According to the findings of in vivo and molecular docking study, it could be forecast that, the extract could have
substantial antidepressant, anxiolytic, and sedative characteristics and deep molecular strategies on this extracts
might create a target for the development of novel therapeutics. Further investigations are needed to appraise the
molecular mechanisms implicated and isolate the bioactive components.
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1. Introduction uncommon, but it’s also present in milder versions, so the similarity

extends a little. As a result, in its most extreme manifestations, it may be

The prevalence of mental diseases is increasing, and the number of
people afflicted is rising as well. It is a severe abnormality in an in-
dividual’s thoughts, emotions, or behavior” is what we mean when we
talk about mental illness, and it may pose problems in our daily lives,
our employment and our families [1]. Throughout the globe, depression
and anxiety are two of the most frequent mental diseases, and they have
become a major problem in our society [2]. When it comes to psychiatry,
depression has been compared to the “common cold”. It’s not
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a huge concern for any patient who is very distressed. Although a severe
depressive episode may occur in conjunction with practically any other
mental or physiological diagnosis [3]. Symptoms of this disorder may
have a profound impact on how a person thinks and acts in their
everyday lives, including their ability to eat, sleep, and work. In addi-
tion, depression is the second most common chronic disorder in clinical
practice, and by 2020, it was assumed to be the world’s second most
serious public health and disability concern [4,5]. In addition, anxiety
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disorders are the most common mental illnesses (7.3%) in the USA. A
significant degree of comorbidity between anxiety (particularly gener-
alized anxiety disorders or panic disorders) and depressive illnesses
makes treatments more challenging [6]. Due to its capacity to block
norepinephrine and dopamine reuptake, bupropion is an effective an-
tidepressant with fewer adverse effects than other antidepressants [28].
In order to prevent the upregulation of monoamine metabolism and
limit reuptake capacity, typical therapeutic drugs include MAOIs and
tricyclic antidepressants (TCAs). However, many of the recognized
therapy choices for depression are linked with negative side effects.
Consequently, new antidepressant drugs are crucial to prevent these side
effects [7]. Ever more medicinal products are being developed from
natural resources in recent years. It is possible to discover novel me-
dicinal compounds using mushrooms and their secondary metabolites as
a strong source [7-9] because, mushrooms have been a part of people’s
diets worldwide for decades because of its nutritional values and
organoleptic properties [10]. In nature, there are over 150,000 distinct
varieties of mushrooms in the environment; only 10% of them are
identified and labeled [11]. Notwithstanding, only approximately 2000
species are produced and farmed for nutritive reasons, which is a small
percentage of the total. The demand of mushrooms has risen signifi-
cantly during the last several decades [12]. Mushrooms are delicious
foods that are high in proteins, vitamin B, minerals, and most of the
necessary amino acids [13].

Ganoderma lucidum, an oriental fungus, has been used for centuries in
Japan, China, and other regions in Asia for increasing health and
longevity. It’s a dark and big mushroom with a woody texture and a
glossy exterior. The term lucidus comes from the Latin word lucidus,
which means “shiny” or “brilliant,” and states to the glossy appearance
of the mushroom’s surface. G. lucidum is known in China as lingzhi,
whereas the Ganodermataceae family is recognized as reishi or man-
nentake in Japan. G. lucidum is uncommon among farmed mushrooms in
that its medicinal rather than nutritional benefit is essential. G. lucidum
powders, tea, and food supplements are among the commercially
available G. lucidum items. These are made from a variety of mushroom
elements, such as spores, mycelia, and the fruit body. Regulating blood
glucose levels, modulating the immune system, hepatoprotection, and
bacteriostasis are just a few of the applications and health benefits
claimed to lingzhi. Anecdotal evidence, traditional use, and cultural
mores are used to support diverse opinions about G. lucidum’s health
benefits. On the other hand, recent studies back up some of the tradi-
tional claims about lingzhi’s health benefits. In creating effective ther-
apeutic interventions, the goal is to achieve a compromise of benefit and
toxicity [14].

However, no comprehensive analyses of the extracts of this mush-
room’s antidepressant, anxiolytic, and sedative activities have been
documented till the date. So that, we aimed to explore the biochemical
and pharmacological properties of this mushroom.

2. Materials and methods
2.1. Chemicals

Square Pharmaceuticals Limited, Dhaka, Bangladesh provided par-
oxetine, diazepam, and alprazolam. Additional analytical-grade chem-
icals were obtained from the Department of Pharmacy, Faculty of
Biological Science, University of Chittagong, Bangladesh.

2.2. Collection of mushroom and processing

Mushrooms (G. lucidum) were obtained from various parts of the
university campus where they were naturally growing. After that,
cleansing, water washing, and drying (room dry, woven dry). For effi-
cient extraction, dried mushrooms were ground. G. lucidum. The speci-
mens of mushroom were identified and archived by Dr. Akhter Jahan
Kakon, mushroom expert of the Mushroom Research Center in Savar,
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Dhaka (Accession number: 2019/04/Fungi/CU/DP). The mushroom has
been dried and finely powdered. The powder was combined with
methanol and distilled water in a 1:4 ratio for seven days at a glass
container. After that, filtering paper (Whatman size #1) was used to
filter it. The solvent was evaporated using a rotary evaporator to pro-
duce methanol. Finally, a crude extract that was blackish in color was
obtained.

2.3. Experimental animals

The mice utilized in the experiment were Swiss albino mice of both
sex, aged 4-5 weeks and weighing 20-25 g, procured from the BCSIR
laboratory in Chittagong. They were kept in the Animal House of the
University of Chittagong’s Pharmacy Department in clean and only dry
polypropylene cages with a 12-h light-dark cycle at 25 + 2 °C and
45-55% RH. The mice were given a typical laboratory diet and free
access to water. Tweleve hours before and throughout the trial, food was
withheld. Under the consent number Pharm/P&D/CUDP-16, 2021:08,
the Departmental ethical review committee of the Department of
Pharmacy at the University of Chittagong, Chittagong 4331 Bangladesh
authorized the clinical experiment on animals.

2.4. Experimental design

Twenty-four (24) mice were utilized in each experiment, divided into
4 groups (control, standard, and MEGL) (n = 5). The MEGL group
received 200 and 400 mg/kg based on their body weight (BW), while the
control group received 1% Tween-80 solution (10 mL/kg, BW). For the
hole-board and elevated plus maze, diazepam (1 mg/kg, BW, IP) was
used as the standard drug, whereas alprazolam (1 mg/kg, BW, IP) was
used for the hole cross and open field, as well as thiopental sodium-
induced sleeping period. The paroxetine (10 mg/kg, BW) was given
orally for the forced swim test.

2.5. In vivo studies

2.5.1. Acute oral toxicity test

The OECD Regulation 425 was taken into consideration for evalu-
ating the oral route’s acute toxicity [15]. Each group consisted of five
mice. Male and female mice were used to assess the effects of oral
administration of MEGL (1000 mg/kg, 2000 mg/kg, and 3000 mg/kg).
Mice in the placebo group received just vehicle treatment (water). For
48 h, each group has been monitored. The mouse’s weight, behavioral
alterations or indicators of discomfort were monitored and noted [16].
Finally, no physical and psychological appearance yielded in the
observation period.

2.5.2. Antidepressant profiling

2.5.2.1. Forced swimming test (FST). The FST approach was examined
for CNS depressant action [17]. Each group was treated according to
Section 2.4. The mice were separately inserted and placed on the glass
apparatus, which comprised of 25 x 15 x 25 em® and was filled with
water (15 cm, 25 + 2°C), 60 min after the treatment. Each mouse was
monitored for 6 min, with the first 2 min used for setup and the final 4
min designated as immobility time.

2.5.3. Anxiolytic profiling

2.5.3.1. Hole board test (HBT). MEGL’s anxiolytic activity was deter-
mined using the hole-board instrument with minor modification [17,
18]. The hole board equipment consists of a wooden chamber (40 x 40
x 25 ecm®) with 16 holes evenly spaced on the floor (each measuring 3
cm in diameter). The mice could peep through the holes since the
equipment was raised to a height of 25 cm from the ground. Each group
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was treated according to Section 2.4. During the 5-min observation
period 30 min after oral administration, the number and duration of
head poking were recorded.

2.5.3.2. Elevated plus maze (EPM) test. At the height of 25 cm, the EPM
apparatus consisted of two open and two closed arms connected to a
central square in the shape of a plus sign. Each group was treated ac-
cording to Section 2.4. Each animal was put in the center of the appa-
ratus, facing the closed arms, 30 min after treatment, and the period of
movement in both the open and closed arms was monitored for 5 min
[18,19].

2.5.4. Sedative activity

2.5.4.1. Hole cross test (HCT). The hole-cross test for CNS activity was
assessed with a small modification [20]. The hole-cross device is built of
wood with dimensions of 30 x 20 x 14 cm® and a height of 7.5 cm.
There was a hole in the middle of the box (3 cm). Each group was treated
according to Section 2.4. The mice were immediately placed on the
board (0, 30, and 60 min interval) after each group treatment and
examined for 3 min, with the number of holes crossed being recorded.

2.5.4.2. Open field test (OFT). This activity of extract of mushrooms was
evaluated by means of the protocol with minor modification [18]. The
four-sided box has a volume of 60 x 60 x 60 cm® and 25 equal squares
(5 x 5 cm?) (highlighted in black and white). Each group was treated
according to Section 2.4. Following each group’s treatment, the mouse
from each group was placed on the board and observed for 3 min, during
which time the number of squares moved was counted. At 30 and 60 min
intervals, the square movement was also recorded.

2.5.4.3. Thiopental sodium induced sleeping test. This activity was
assessed by Ref. [20] with a small modification and Each group was
treated according to Section 2.4. After 30 min, each mouse was
administered thiopental sodium (40 mg/kg) to induce sleep. The ani-
mals were maintained under observation for the latent period (the time
between Thiopental doses and the loss of righting reflex) and sleep
duration (the time between the loss and return of righting reflex).

2.6. Molecular docking analysis

2.6.1. Ligand retrieval and preparation

Through a literature review, a total of 17 biological components
discovered from the methanol extract of G. lucidum were chosen for
molecular docking analysis [21,22]. Among them, 16 compounds were
obtained from the PubChem compound repository in.sdf format, namely
Thiophene, 2-hexyl; 3-((3-Acetoxythyl)-6-acetoxymethyl-2,4- dimethyl
D pheny D) - 2-methyl-(E)-2-propenyl acetate; 2,7-Diphenylindole; Gallic
acid; Theanine; Caffeic acid; Caffeine; Ferulic acid; Theacrine; Catechin;
Quercetin; Epigallocatechin; Catechin gallate; Epicatechin gallate;
Quercetin hexoside, and Rutin. The remaining compound 5-(2-Bromo-
phenyl)-7-chloro-2, 3-dihydro-1H-1, 4- benzodiazepin-2-one was drawn
using ChemDraw version 16.0 (PerkinElmer ChemDraw Professional)
and saved in the.sdf format. The structures were neutralized using Epik
2.2 at pH 7.0 2.0, and the force field OPLS 2005 contained in Maestro,
v10.1 (Schrodinger suite) was used to minimize them. Per ligand, up to
32 stereoisomers were retained.

2.6.2. Protein preparation

The RCSB PDB (protein data bank) was utilized to obtain three-
dimensional crystallographic structures of the proteins used in this
investigation [23]. The selected target proteins for the investigation of
antidepressant, anxiolytic and sedative activities were human serotonin
transporter (PDB ID: 516X) [24], potassium channel receptor (PDB ID:
4UUJ) [25], and bromodomain of human BRD4 (PDB ID: 3U5J) [26]
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respectively. The Protein Preparation Wizard of the Maestro v10.1
(Schrodinger suite) was employed for the preparation and refinement of
the crystallographic structures. Charges and bond orders were assigned,
selenomethionines were converted to methionines, hydrogens were
added to the heavy atoms, and all waters were deleted.

2.6.3. Grid generation and molecular docking

Glide (Schrodinger Suite-Maestro v10.1) was used to generate re-
ceptor grids and conduct molecular docking experiments [27,28]. Grids
were generated for each protein using the OPLS_2005 force field and the
default parameters of van der Waals scaling factor 1.00 and charge
cutoff 0.25. A cubic box with specified dimensions centered on the
centroid of the active site residues was generated for the receptor, and
the box size was fixed to 14 A x 14 A x 14 A for docking study. Docking
experiments were carried out by the Standard Precision (SP) scoring
function of Glide, and only the best-docked pose with the lowest Glide
score was recorded for each ligand [29]. Discovery Studio (DS) version
4.5 was used to visualize the 2D and 3D representations of the selected
biological compounds.

3. Statistical analysis

The results were indicated in mean =+ standard error mean (SEM) and
significance was set to cp < 0.001, bp < 0.01 and ap < 0.05, based on
one—way or two—way analysis of variance (ANOVA). Repeated mea-
sures were used to assess neuropharmacological activities. The in vivo
model utilized five mice per group.

4. Results
4.1. Force swimming test

Fig. 1 summarizes the results of the FST. In comparison to the con-
trol, the MEGL at both doses (200 and 400 mg/kg) demonstrates a sig-

nificant (p < 0.001) result. Similarly, standard paroxetine caused a
significant reduction in immobility periods (p < 0.001).

4.2. Hole board test
The MEGL was tested for anxiolytic action using the hole board

method. When compared to control, the extract given at doses of 200
mg/kg and 400 mg/kg significantly (p < 0.001) increased head dipping.

1504

100 4

Immobile time(sec)

Control Paroxetine (10mg/kg) 200 400
e

MEGL (mg/kg)

Fig. 1. Effects of MEGL and diazepam in the FST. Values are presented as the
mean + SEM (n = 5). cp < 0.001 compared with the control group (Dunnett’s
test). MEGL: methanol extract of G. lucidum.
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Standard diazepam produced statistically significant results (p < 0.01)
(Fig. 2).

4.3. Elevated plus maze test

On the EPM instrument, the anxiolytic effects of a MEGL at doses of
200 mg/kg and 400 mg/kg were evaluated. When compared to the
control, the extract given at a dose of 200 mg/kg and 400 mg/kg had a
significant (p < 0.001) outcome. Similarly, standard diazepam produced
a significant (p < 0.001) result (Fig. 3).

4.4. Hole cross test and open field test

MEGL doses (200 mg/kg and 400 mg/kg) resulted in a considerable
decrease in mouse movement in the hole cross open field, which was
visible from the first observation (0 min) to the last observation (60
min), compared to standard alprazolam (Fig. 4A). In addition, the open
field test revealed that both extracts and standard alprazolam signifi-
cantly (p < 0.001) reduced hole crossing in a dose-dependent manner
(Fig. 4B).

4.5. Thiopental sodium induced sleeping test

In the thiopental-induced hypnosis experiment, the MEGL at both
dosages considerably decreased (p < 0.001) sleep onset in a dose-
dependent manner, and the influence of the extract on sleep onset is
equal to that of regular medication. In comparison to controls, the
extract dosage increased the length of sodium-induced thiopental sleep
period in the mice. Table 1.

4.6. In silico molecular docking simulation for antidepressant, anxiolytic
and sedative activities

Docking score of the compounds selected from the MEGL against
human serotonin transporter (PDB ID: 516X), potassium channel recep-
tor (PDB ID: 4UUJ), and bromodomain of human BRD4 receptor (PDB
ID: 3U5J) are displayed in Table 2. For each activity, the docking score
and interaction analysis of the top five compounds of G. lucidum as well
as the reference drug for respective protein targets are represented in
Tables 3-5, Fig. 5, and Supplementary Figs. S1-S3. The amino acid

60
C
| |
b
2 404
=
)
£
]
b
=
S
°©
3
2
E
7z, 204
0
Control Diazepam (1mg/kg) 200 400
| IS — |
MEGL(400mg/kg)

Fig. 2. Effects of MEGL and diazepam in the hole board test. Values are pre-
sented as the mean + SEM (n = 5). cp < 0.001 and bp < 0.01 compared with
the control group (Dunnett’s test). MEGL: methanol extract of G. lucidum.
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300

2004
100+

Control Diazepam (1mg/kg) 200

% of time spent in close arm

o

MEGL(mg/kg)

Fig. 3. Effects of MEGL and diazepam in the EPM test. Values are presented as
the mean + SEM (n = 5). cp < 0.001 compared with the control group (Dun-
nett’s test). MEGL: methanol extract of G. lucidum.

A @@ Control
2 BB Alprazolam(Img/kg)
BB MEGIL (200 mg/kg)
BB MEGL (400 mg/kg)

Number of movements

Omin 30min 60min
Time (Min)
B B Control
Bl Alprazolam (Imgrkg)
BB MEGL (200 mgkg)
b Bl MEGL (400 mg/kg)

Number of movements

Omin 30min 60min

Time (Min)

Fig. 4. Effects of MEGL and alprazolam in the hole cross test (A) and open field
test (B). Values are presented as the mean + SEM (n = 5). c¢p < 0.001, bp < 0.01
and ap < 0.05 compared with the control group (Dunnett’s test). MEGL:
methanol extract of G. lucidum.

interactions between the selected biological compounds of G. lucidum
and human serotonin transporter (PDB ID: 516X) were determined for
antidepressant activity. All the compounds interacted with our target
receptor. Rutin (—7.967 kcal/mol) exposed the utmost binding affinity
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Table 1
Thiopental sodium-induced sleeping time.

Groups Dose (mg/kg) Onset of sleep (min) Duration of sleep (min)
Control 10 ml/kg 11.77 + 4.23 9.21 £1.33
Alprazolam 1 8.31 + 4.79® 12.59 + 5.69°
MEGL 200 11.26 + 1.86° 15.23 + .085P

400 5.42 +1.09 14.23 + 3.09

Values are presented as the mean + SEM (n = 5). cp < 0.001 compared with the
control group (Dunnett’s test). MEGL: methanol extract of G. lucidum.

Table 2

Docking score of the selected compounds identified from the methanol extract of
G. lucidum against the human serotonin transporter (PDB ID: 516X), potassium
channel receptor (PDB ID: 4UUJ), and bromodomain of human BRD4 (PDB ID:
3U5J) for antidepressant, anxiolytic, and sedative activity respectively.

Compounds PubChem Docking Score (Kcal/mol)
CID
516X 4UUJ 3U5J
(Antidepressant) (Anxiolytic) (Sedative)

Thiophene, 2- 87793 —5.411 —2.042 —4.854

hexyl
3-((3- 46867877 —4.576 —3.784 —5.693

Acetoxythyl)-6-

acetoxymethyl-

2,4- dimethyl)

phenyl)-2-

methyl-(E)-2-

propenyl acetate
2,7- 622897 —6.296 —2.789 —7.861

Diphenylindole
5-(2- —6.548 -3.536 —5.811

Bromophenyl)-

7-chloro-2,3-

dihydro-1H-1,4-

benzodiazepin-

2-one
Gallic acid 370 —5.894 —5.164 —6.996
Theanine 46867877  —4.358 —3.226 —4.659
Caffeic acid 689043 -4.773 —5.30 —6.769
Caffeine 2519 —5.824 —3.946 —6.582
Ferulic acid 445858 —4.807 —5.514 -5.971
Theacrine 75324 —5.125 —4.013 —6.903
Catechin 9064 —6.566 —5.394 —8.365
Quercetin 5280343 —5.626 —4.963 —9.028
Epigallocatechin 72277 —7.698 —5.144 —5.805
Catechin gallate 6419835 —6.576 —4.203 —-7.873
Epicatechin gallate =~ 107905 —6.771 —5.281 —7.678
Quercetin 5378597 —7.838 —4.54 —7.515

hexoside
Rutin 5280805 —-7.967 —5.666 —8.646
Standard (Paroxetine/Diazepam/ —8.785 —3.475 -7.77

Alprazolam)

towards followed by quercetin hexoside (—7.838 kcal/mol), epi-
gallocatechin (—7.698 kcal/mol), epicatechin gallate (—6.771 kcal/
mol), and catechin gallate (—6.576 kcal/mol). The reference drug par-
oxetine exhibited better binding affinity compared to the selected
compounds. In anxiolytic activity, all compounds successfully docked
with the potassium channel receptor (PDB ID: 4UUJ). Rutin (—5.666
kcal/mol) displayed the utmost binding affinity towards the target re-
ceptor and was better compared to the reference drug diazepam
(—3.475 kcal/mol). The bonding score of Rutin was followed by ferulic
acid (—5.514 kcal/mol), catechin (—5.394 kcal/mol), caffeic acid
(—5.30 kcal/mol) and epicatechin gallate (—5.281 kcal/mol). In case of
sedative activity, all compounds showed affinities for bromodomain of
human BRD4 (PDB ID: 3U5J) receptor. Here, Quercetin (—9.028 kcal/
mol) displayed the utmost binding affinity towards the target receptor
and was better compared to the reference drug alprazolam (—7.77 kcal/
mol). It was followed by rutin (—8.646 kcal/mol), catechin (—8.365
kcal/mol), catechin gallate (—7.873 kcal/mol), and 2, 7-diphenylindole
(—7.861 kcal/mol).
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5. Discussion

Due to the unwanted adverse effects of synthetic medications, herbal
therapies are becoming more popular in underdeveloped nations [7].
Plants are now thought to have substantial therapeutic potential due to
their distinct characteristics as a key source of medicinal phyto-
compounds that might aid in developing innovative medication
[30-33]. According to the Food and Drug Administration (FDA), a
number of pharmacological agents have been authorized for use. Due to
the difficulty of synthetic medications, herbal therapies are becoming
more popular in third world nations [34]. Considering these concepts,
the current study used five neuropharmacological procedures to assess
MEGL’s CNS depressant actions in mice, including hole-board, forced
swimming, elevated plus maze, hole cross and open field, and thiopental
sodium-induced sleeping time tests. These methods are frequently
employed in neuropharmacological screening models. Certain 5-hy-
droxytryptamine (5-HT, often known as serotonin) receptors, such as
5-HT6, may have a role in depression mediation. Monoamine oxidase A
(MAO-A) inhibitors are being used to treat depression by preventing the
MAO-induced catalysis of 5-HT [7]. Another research on quercetin
suggests that it has antidepressant-like effects occurs via inhibiting
MAO-A, an essential enzyme in the metabolism of 5-HT neurotrans-
mitter [35]. Taraxanthin demonstrated an antidepressant-like effect
through the interpretation of 5-HT pathway in mice model. Commonly
prescribed antidepressants such as tricyclic antidepressants (TCAs) and
MAO inhibitors (5-HT reuptake inhibitors) also have similar mecha-
nisms of action [36]. The FST is a common tool for evaluating antide-
pressant efficacy in mouse models. Antidepressant activity is shown by a
shorter immobility time, whereas CNS depression is indicated by a
longer immobility time [37]. Depression is caused by decreased con-
centration of neurochemicals such as dopamine and norepinephrine. At
the same time, any antidepressant medicine acts on at least one of these
chemical transmitters, causing them to become more active [38-40].
The FST study, where MEGL reduced the immobility time after admin-
istration, implies that the plant extract may elevate at least one of the
neurotransmitters involved in depression, whereas CNS depressing ef-
fects were also found for standard diazepam in the FST on mice model
[39]. In the hole-board test, the MEGL-treated mice showed a significant
increase in head-dipping. From the locomotor assay, the hole board
equipment measures the exploratory behavior of mice individually [41,
42]. In mice, increased head-dipping behavior was previously defined as
anxious behavior [43]. Anxiety disorders may be caused by the dysre-
gulation of several neurotransmitters (serotonin, gamma-amino-butyric
acid, and dopamine) [44]. Again, the MEGL showed a significant
reduction in square movements and crossing of the hole in the hole cross
and open field test. The results showed the abridged locomotive action
of the extract, confirming the CNS depressant functionality, whilst the
locomotor activity was measured using a hole cross and open field test.
Any decrease in movement shows the influence of a CNS depressant, and
locomotion increment is indicative of the presence of a CNS depressant
in the system [45,46]. This reflects the CNS’s excitability level, which
can be attributed to the plant extract’s CNS depressing impact via
lowering motor activity [47,48]. The extract significantly reduced the
mice’s movement in the hole cross and open field test. The antidepres-
sant and anxiolytic properties of MEGL in mice can be produced by the
selective 5-HT reuptake inhibitors, tricyclic antidepressants or MAO
pathways. The sleeping time test was utilized in the Swiss albino mouse
to investigate sedative-hypnotic medications, while thiopental sodium is
referred to the group of barbiturates that tempt sleepy mood in humans
and mice [48]. As a result of the allosteric alteration of the GABA4 re-
ceptors, thiopental induces hypnosis via postsynaptic GABA-mediated
inhibition. Components of CNS depressants reduce the onset or dura-
tion of sleep, or both [49,50]. According to our findings, the greater dose
of MEGL had the most CNS depressive impact, and it is presumed that
these effects may be mediated by the inhibition of the postsynaptic
interpretation of GABA receptor. G. lucidum also contains
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Table 3
Molecular docking interaction analysis of the five compounds of G. lucidum displaying highest docking scores against human serotonin transporter (PDB ID: 516X).
516X
Compounds Docking Score Hydrogen bond interactions Hydrophobic Bonds (Pi- Hydrophobic Bonds (Pi-Pi/Pi-sigma/ Hydrophobic Bonds (Pi-sulfur/
(Kcal/mol) alkyl/Alkyl interaction) Pi-cation/Pi-anion/Amide-Pi carbon-hydrogen interaction)
interaction)
Epigallocatechin —7.698 Tyr95, Asp98, Gly100, Ilel72 Tyr95, Tyrl76 Gly338, Ser438, Gly498
Phe335, Glu493, Glu494
Catechin gallate —6.576 Tyr95, Asp98, Ser438, Ile172, Phe335, Val501 Phe335, Phe341 Gly338
Glu493, Glu494
Epicatechin —6.771 GIn332, Glu493, Thr497 1le172, Val501 Tyrl76, Phe335, Argl04 -
gallate
Quercetin —7.838 Asp98, Argl104, Glu493 Ile172 Phe335 Gly100, Glu493, Gly498
hexoside
Rutin —7.967 Arg104, GIn332, Glu493, Ala331 Arg104, Phe556 Gly100, Glu493, Glu494
Glu494, Gly498, Ser555,
Ser559
Standard —8.785 Tyr95, Ala96 1le172, Alal73 Tyrl76, Phe341,Ser438 Alal69, Ser336
(Paroxetine)

Bold text indicates the best docking score.

Table 4
Molecular docking interaction analysis of the five compounds of G. lucidum displaying highest docking scores against potassium channel receptor (PDB ID: 4UUJ).
4UuUJ
Compounds Docking Score Hydrogen bond Hydrophobic Bonds (Pi- Hydrophobic Bonds (Pi-Pi/Pi-sigma/Pi- Hydrophobic Bonds (Pi-sulfur/
(Kcal/mol) interactions alkyl/Alkyl interaction) cation/Pi-anion/Amide-Pi interaction) carbon-hydrogen interaction)
Caffeic acid -5.30 Lys49, Tyr50, Glu53, - Tyr50 -
Thr61, Arg64, Asp102
Ferulic acid —5.514 Lys49, Tyr50, Glu53, - Tyr50 Asp102
Thr61, Arg64
Catechin —5.394 Lys49, Glu53, Arg100 Pro63, Arg100 Tyr50, Asp102 Asp102
Epicatechin —5.281 Lys49, Glu53, Arg64, Pro63, Arg64 Pro63 -
gallate Asp102
Rutin —5.666 Thr31, Lys49, Glu53, Pro63, Arg64 - Glu53
Asp102
Standard —3.475 Lys49, Tyr104 - Tyr50 Glu53, Asp102
(Diazepam)

Bold text indicates the best docking score.

Table 5
Molecular docking interaction analysis of the five compounds of G. lucidum displaying highest docking scores against bromodomain of human BRD4 (PDB ID: 3U5J).
4UUJ
Compounds Docking Score Hydrogen bond Hydrophobic Bonds (Pi- Hydrophobic Bonds (Pi-Pi/Pi-sigma/Pi- ~ Hydrophobic Bonds (Pi-sulfur/
(Kcal/mol) interactions alkyl/Alkyl interaction) cation/Pi-anion/Amide-Pi interaction) carbon-hydrogen interaction)
2,7- —7.861 - Pro82, Val87, Leu92, Leu94, - -
Diphenylindole Cys136, Ile146
Catechin —8.365 GIn85, Met132 Pro82, Val87, Leu92, - —
Cys136, Ile146
Quercetin —9.028 Tyr97, Met105, Val87, Leu92, Cys136, Pro82 Phe83, Cys136
Met132, Asn140 Ile146
Catechin gallate —7.873 Pro82, GIn85, Met105, Pro82, Val87, Leu92, Leu94, - Phe83
Met132, Asn140 Cys136, Ile146
Rutin —8.646 Met132, Asn135, Pro82, Val87, Leu92, Phe83 Aspl45
Asn140, Asp145 Cys136, Ile146
Standard -7.77 Asn140 Trp81, Pro82, Phe83, Val87, Tyr97, lle146 -

(Alprazolam)

Leu92, Cys136, lle146

Bold text indicates the best docking score.

phytochemicals such as triterpenes, flavonoids, phenolic compounds,
glycoproteins, proteoglycan, and polysaccharide [51-54]. Thus, in-
teractions between these phytochemicals and neurotransmitters linked
to depressive-like behavior are most likely to be responsible for MEGL’s
antidepressant and anxiolytic effectiveness. Furthermore, molecular
docking is a widely utilized approach for predicting the orientation of
small molecule’s interaction to an enzyme or receptor [55]. In our
present study, rutin displayed the best docking score in antidepressant
activity against human serotonin transporter and formed the highest

number of hydrogen bonds among the five compounds. Importantly,
epigallocatechin and catechin gallate formed a hydrogen bond with
Tyr95 residue. It was previously reported that Tyr95 residue is crucial
for the potency of an antidepressant drug [24]. The anxiolytic investi-
gation through molecular docking revealed that the best binding inter-
action was also displayed by rutin and the docking score was better than
that of the reference drug diazepam. It has formed binding interactions
with Asp102, Lys49, and Glu53 residues which were also displayed by
diazepam. Previously, Rutin showed anxiolytic-like responses in the
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Fig. 5. Molecular docking interaction of compounds displaying highest binding
scores against different target receptors: (A) Human serotonin transporter re-
ceptor with rutin, (B) Potassium channel receptor interaction with rutin, and
(C) Bromodomain of human BRD4 receptor with quercetin.

mice model, which was similar to diazepam [56]. Interestingly, the
compounds exhibiting upper binding scores for anxiolytic activity have
formed hydrogen bonds with Lys49 residue. Caffeic acid, ferulic acid
and catechin formed bonds with Tyr50 residue. In molecular docking of
sedative activity, quercetin (—9.028 kcal/mol) displayed the utmost
binding affinity towards bromodomain of human BRD4 receptor that
formed hydrogen bond interactions with Asn140 residue and hydro-
phobic interactions with Val87, Leu92, Tyr97, Cys136, and Ile146 res-
idues, similar to the reference drug alprazolam. In most bromodomains,
Asn140 is a conserved residue serves as a hydrogen bond anchor point
for acetyl lysine [26]. As tyrosine acts as a precursor for neurotrans-
mitters such as dopamine, epinephrine, and noradrenaline, this residue
is considered to be associated with fear suppression. Additionally, lysine
was reported to be involved in anxiety reduction in humans [57]. The
identified pharmacological properties were correlated with the
computational analysis via molecular docking of G. lucidum phenolic

Biochemistry and Biophysics Reports 32 (2022) 101371
compounds towards various receptors.
6. Conclusions

To sum up, MEGL appears to have antidepressant, anxiolytic, and
sedative activities. The secondary metabolites present in the extracts
may be responsible for these activities. Rutin and quercetin have higher
binding affinity with receptors, according to our computational analysis
and in the previous studies, these compounds were claimed to have
neuropharmacological properties. These findings suggest that rutin and
quercetin may be useful in developing clinical applications in the future.
To verify clinical efficacy, in-depth investigations proposed elucidating
the possible mechanisms of animal models and humans.
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