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ABSTRACT: Ganoderma lucidum is a well-known medicinal mushroom with a long history of use. This study was 
designed to assess the anticonvulsant potential of an aqueous extract from cultured G. lucidum mycelium in 3 acute 
seizure models: timed intravenous pentylenetetrazole infusion, maximal electroshock seizure threshold, and 6-Hz-
induced psychomotor seizure tests in mice. Moreover, antidepressant-like and anxiolytic-like effects of G. lucidum 
were evaluated using the forced swim test and the elevated plus maze test in mice, respectively. No changes in 
seizure thresholds in the intravenous pentylenetetrazole and maximal electroshock seizure threshold tests after acute 
treatment with G. lucidum extract (200–600 mg/kg) was observed. However, the studied extract (100–400 mg/kg) 
significantly increased the threshold for psychomotor seizures in the 6-Hz seizure test. In the forced swim test, G. 
lucidum (100–400 mg/kg) significantly reduced the duration of immobility. No anxiolytic-like or sedative effects were 
reported in mice pretreated with the extract (400–600 mg/kg). G. lucidum extract (50–2400 mg/kg) did not produce 
toxic effects in the chimney test (motor coordination) or grip-strength test (neuromuscular strength). Further studies 
are required to explain the neuropharmacological effects of G. lucidum and to identify its active ingredients that may 
affect seizure threshold, mood, or anxiety. 

KEYWORDS: medicinal mushrooms, Ganoderma lucidum, Lingzhi or Reishi mushroom, epilepsy, depression, 
anxiety, mice

ABBREVIATIONS: CS50 value, represents current intensity predicted to produce convulsions in 50% of mice; i.v., 
intravenous; MEST, maximal electroshock seizure threshold; NO, nitric oxide; PTZ, pentylenetetrazole.

I. INTRODUCTION

The Lingzhi or Reishi medicinal mushroom Gano-
derma lucidum (Fr.) P. Karst. (Ganoderm ataceae, 
higher Basidiomycetes), is a white-rot species with 
a wide array of medical properties,1 most of which 
are based on tradition and anecdotal evidence. In the 
past three decades, however, there has accumulated a 
growing body of scientific evidence from in vitro as 
well as in vivo studies indicating the pharmacologi-

cal effects of G. lucidum.2 The artificial cultivation 
of the mushroom started in the 1970s, and since then 
G.lucidum has became commercially available. A 
variety of dietary supplements containing powdered 
mycelium, fruiting body, and spores of G. lucidum 
has been launched. Hot water or alcohol extracts are 
also commercially available. Global consumption 
of G. lucidum for health-promoting purposes is esti-
mated at several thousand tons per year.1

Approximately 400 different physiologically 
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active compounds have been isolated from G. lu-
cidum. Polysaccharides and triterpens are 2 ma-
jor groups of bioactive constituents with a broad 
spectrum of actions, such as immunomodulatory, 
antitumor, anti-inflammatory, analgesic, antihy-
pertensive, hypocholesterolemic, hypoglycemic, 
hepatoprotective, antibacterial, antiviral, antioxi-
dative, radical-scavenging, and chemo- and ra-
diopreventive effects.3 Other components found 
in G. lucidum include peptidoglycans, peptides 
and proteins, amino acids, nucleotides, sterols, 
steroids, fatty acids, trace elements, and vita-
mins.1,2 

The diversity of biologically active ingredients 
of G. lucidum contributes to its possible influence 
on the central nervous system. G. lucidum was used 
in traditional eastern medicine as a tranquilizing 
agent for the treatment of insomnia and restless-
ness. To date, G. lucidum extract has been reported 
to potentiate the anesthetic effect of pentobarbital, 
reducing spontaneous locomotor activity4 and pro-
longing sleep time in rodents.5 In clinical studies 
G. lucidum polysaccharides significantly improved 
symptoms of neurasthenia,6 whereas spore powder 
had a beneficial effect on quality of life and can-
cer-related fatigue in patients with breast cancer.7 
Moreover, neuroprotective effects of G. lucidum 
have been demonstrated. Polysaccharides from 
G. lucidum protected rat cerebral cortical neurons 
from injury induced by hypoxia/reoxygenation ex-
posure,8 as well as reduced neurological deficits in 
rats after cerebral ischemic injury.9 Furthermore, 
G. lucidum extract protected dopaminergic neurons 
from degeneration.10 Altogether, G. lucidum has 
been postulated as a novel therapeutic approach in 
the prevention and treatment of neurodegenerative 
diseases such as stroke,8,9 Parkinson disease,10 or 
Alzheimer disease.9 

Only a few studies have attempted to assess 
the anticonvulsant activity of G. lucidum. Aqueous 
extract of G. lucidum and isolated oligosaccharides 
reportedly inhibit tonic-clonic seizures induced by 
kainic acid in rats.11,12 

Therefore, the aim of this study was to evaluate 
the influence of aqueous extract of cultured G. 
lucidum mycelium on seizure threshold in 3 acute 

seizure tests in mice, with predictive validity 
of clinical efficacy, that are recommended for a 
primary screen of antiepileptic drugs.13 We also 
sought to investigate the antidepressant-like, 
anxiolytic-like, and some acute adverse effects of 
G. lucidum extract in mice. 

II. MATERIALS AND METHODS

A. Mushroom Material

G. lucidum strain FCL no. 188 was used in this 
study.14 G. lucidum FCL no. 188 is strain no. 
32–1–1– from the culture collection of Labora-
tory of Forest Products Chemistry, Department of 
Agricultural Chemistry, Faculty of Agriculture, 
University of Tokyo, Tokyo, Japan, obtained from 
professor Toshio Fukuzumi. It is also identified 
by Internal Transcribed Spacer 1 (ITS) (Janusz 
G, JN008869). Mycelium culture was obtained 
by growing mycelium stationary on 150-mL glu-
cose–peptone–yeast extract medium in 500-mL 
Roux flasks15,16 for 2 months. Mycelia were col-
lected, washed, and homogenized in water. Cold 
aqueous extraction by homogenization was used 
here because isolation through double boiling, 
which is normally used to prepare aqueous ex-
tracts, includes substances that are denaturized 
during boiling. After centrifugation, the water ex-
tract was lyophilized, weighed, and made ready 
for further experiments.

B. Animals

Naïve male albino Swiss mice weighing 25–30 g 
were used in all experiments. The animals were 
purchased from a licensed breeder (Labora-
tory Animals Breeding, Słaboszów, Poland) and 
housed under strictly controlled laboratory con-
ditions (temperature maintained at 22–23°C, rel-
ative humidity about 45–55%), with an artificial 
12-/12-h light/dark cycle (light on at 6:00 am). A 
nutritionally balanced diet of rodent chow (Ag-
ropol S.J., Motycz, Poland) and tap water were 
continuously available. Before being used in the 
experiments, mice were allowed an adaptation 
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period of at least 7 days. The animals were ran-
domly assigned to the experimental groups. Each 
animal was used only once.

The study was carried out under experimen-
tal protocols approved by the Ethical Committee 
of the Medical University in Lublin (license no. 
40/2013). All procedures were in strict compliance 
with the European Communities Council Directive 
of November 24, 1986 (86/609/EEC), and Polish 
Legislation Acts Concerning Animal Experimenta-
tion. 

C. Treatments

Aqueous extract of cultured G. lucidum mycelium 
was dissolved in normal saline and was admin-
istered orally by gastric gavage, in a volume of 
0.1 mL/10 g body weight, 30 min before the exper-
iments. Control animals received the vehicle only. 
The preliminary dose-response studies were per-
formed in our laboratory to establish the treatment 
regimen for the next experiments. The pretreat-
ment time was based on the literature,11 as well as 
on a pilot experiment in which an anticonvulsant 
efficacy of a fixed dose of G. lucidum extract was 
evaluated at different time points (15, 30, 60, 120, 
and 240 min after pretreatment) in the 6-Hz seizure 
threshold test. Maximal activity was observed after 
30 min (data not shown). 

D. Seizure Threshold Tests

The intravenous (i.v.) pentylenetetrazole (PTZ) 
seizure threshold, maximal electroshock seizure 
threshold (MEST), and 6-Hz psychomotor 
seizure threshold tests were used in this study. 
The procedures were performed according to 
methodology described in detail elsewhere.17

E. Forced Swim Test 

The anti-immobility action of the studied extract 
in the forced swim test in mice was assessed using 
methodology described elsewhere in detail.18 The 
forced swim test is the most widely used tool for 
screening antidepressants in rodents.

F. Elevated Plus Maze Test 

The elevated plus maze test is one of the most 
widely used assessments of anxiety-related 
behavior in rodents. The apparatus was made of a 
matte black material and consisted of 4 arms in the 
shape of a plus. Two arms were open (30 cm long 
and 5 cm wide) and two arms of the same size were 
enclosed by 15-cm-high walls. The arms extended 
from a central platform (5 × 5 cm). The whole 
apparatus was mounted on a stable base, raising 
it 50 cm above the floor, and was illuminated by 
red light. Animals were placed individually in 
the central platform of the apparatus, facing an 
enclosed arm, and they were allowed to explore 
freely. The number of entries into the open and 
closed arms and the time spent in these arms were 
scored for a 5-min test period. An “entry” was 
defined as placing all 4 paws within the boundaries 
of the arm. The following measures were obtained 
from the test: the total number of arm entries, 
the percentage of entries into the open arms, and 
the time spent in the open arms (expressed as a 
percentage of the time spent in both the open and 
closed arms). The maze was cleaned with a 4% 
ethanol solution after each single trial to avoid 
possible bias caused by odors and/or residues left 
by mice tested earlier. 

G. Locomotor Activity Test

To monitor the spontaneous locomotor activity 
of mice, an IR Actimeter system (Panlab/Harvard 
Apparatus, Barcelona, Spain) was used. This 
consisted of a square arena surrounded by a 25 × 
25-cm frame containing a total of 16 × 16 infrared 
beams located on the sides. Mice (9–10 animals/
group) were placed individually in the actimeter, 
in which they were allowed to explore freely for 10 
min. The arena was cleaned thoroughly with a 4% 
ethanol solution before each mouse was placed in 
it. Interruptions of the photo beams were recorded 
automatically and analyzed with a computerized 
system (SedaCom32; Panlab/Harvard Apparatus). 
Locomotor activity was defined as horizontal 
activity with displacement and was expressed in 
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terms of the total number of interruptions of the 
photo beams. Data were expressed as means of 
activity counts/10 min ± standard errors of the 
mean.

H. Acute Toxicity Tests 

To determine the acute toxicity effects of G. lucidum 
extract, mice were treated orally with doses of 50, 
100, 200, 400, 600, 1200, and 2400 mg/kg. Control 
animals received normal saline. Each experimental 
group consisted of 8–10 animals. After 30 minutes, 
the acute adverse effects of the studied extract 
on muscle strength and motor coordination of 
the mice were evaluated using the grip strength 
test and chimney test, respectively (see below). 
The animals then were observed for 24 hours for 
intoxication syndromes such as excitation, tremors, 
twitches, ataxia, and mortality.

The grip-strength apparatus (BioSeb, Chaville, 
France) consisted of a steel wire grid (8 × 8 cm) 
connected to an isometric force transducer. The 
mouse was lifted by its tail so that it could grasp the 
grid with its forepaws. The animal then was pulled 
back steadily by the tail until it released the grid. 
When the animal released the grid, its maximal 
grip strength value (in newtons) was displayed 
on the screen. The procedure was repeated 3 
times, and the mean force exerted by each mouse 
before losing grip was recorded. The mean force 
was normalized to body weight and expressed in 
newtons per gram ± the standard error of the mean. 
In the chimney test, the inability of an animal to 
climb backward up through a Plexiglas tube (inner 
diameter 3 cm, length 30 cm) within 60 seconds 
was an indication of motor impairment. 

I. Statistical Analysis

Statistical analysis was performed by using one-
way analysis of variance (ANOVA) followed by 
Dunnett’s post hoc test for multiple comparisons. 
Data obtained during the chimney test were 
analyzed using the Fisher exact test. Differences 
were considered statistically significant when P 
values were ≤0.05. All calculations were carried 

out with GraphPad Prism software version 5.03 for 
Windows (GraphPad Software, San Diego, CA, 
USA).

III. RESULTS

A. Effects of G. lucidum Extract on Seizure 
Threshold in the i.v. PTZ, MEST, and 6-Hz 
Seizure Tests

The control value of the PTZ threshold for the onset 
of myoclonic twitches was 34.55 ± 1.22 mg/kg. 
Figure 1A shows that G. lucidum (200–600 mg/kg) 
did not produce any significant effect on the PTZ 
thresholds for the onset of the first myoclonic 
twitch (F[3,43] = 0.586; P = 0.628).

The effect of G. lucidum (200–600 mg/kg) 
on seizure threshold for the onset of generalized 
clonus is shown in Fig. 1B. The PTZ threshold in 
the control group was 43.07 ± 1.94 mg/kg. There 
were no statistically significant changes in seizure 
threshold after G. lucidum treatment (F[3,40] = 
0.846; P = 0.477). 

The threshold for forelimb tonus in the control 
group was 102.70 ± 3.07 mg/kg. The susceptibility 
of mice to PTZ-induced forelimb tonus was not 
affected significantly by G. lucidum treatment 
(F[3,41] = 0.439; P = 0.726) (Fig. 1C).

Figure 2 depicts the influence of G. lucidum 
extract (200–600 mg/kg) on seizure threshold 
in mice during the MEST test (F[3,32] = 0.446; 
P = 0.722). The CS50 value (current intensity 
predicted to produce convulsions in 50% of mice) 
for tonic hindlimb extension was 8.64 mA (range, 
8.29–9.01 mA) in control mice. G. lucidum did not 
significantly affect the current intensity necessary 
to induce tonic hindlimb extension when compared 
with the vehicle-treated group.

In the 6-Hz seizure test, statistically significant 
changes in the psychomotor seizure threshold val-
ues were observed after pretreatment with G. lu-
cidum aqueous extract (F[4,41] = 4.447; P = 0.005) 
(Fig. 3). The CS50 value for psychomotor seizures 
was 11.39 mA (range, 10.93–11.87 mA) in con-
trols. G. lucidum at a dose of 50 mg/kg raised the 
CS50 value to 12.88 mA (range, 12.01–13.83 mA). 
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FIG. 1: Effect of aqueous extract of cultured Ganoder-
ma lucidum mycelia on the threshold for the onset of 
first myoclonic twitch (A), generalized clonus (B), and 
forelimb tonus (C) in the intravenous pentylenetetrazole 
(PTZ) seizure threshold test in mice. G. lucidum aque-
ous extract was administered orally by gastric gavage 30 
min before the test. Control animals received a vehicle. 
Each experimental group consisted of 10–12 animals. 
Each bar represents the mean (milligrams/kilograms 
PTZ) + standard error of the mean. 
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FIG. 2: Effect of aqueous extract of cultured Ganoderma 
lucidum mycelia on the seizure threshold in the maxi-
mal seizure threshold (MEST) test in mice. G. lucidum 
aqueous extract was administered orally by gastric ga-
vage 30 min before the test. Control animals received 
a vehicle. Each experimental group consisted of 19 or 
20 animals. Data are presented as the current intensity 
predicted to produce convulsions in 50% of mice (CS50; 
in milliamperes) with upper 95% confidence limits.

FIG. 3: Effect of aqueous extract of cultured Ganoderma 
lucidum mycelium on the psychomotor seizure threshold 
in the 6-Hz test in mice. G. lucidum aqueous extract was 
administered orally by gastric gavage 30 min before sei-
zure testing. Control animals received a vehicle. Each 
experimental group consisted of 19 or 20 animals. Data 
are presented as the current intensity predicted to pro-
duce convulsions in 50% of mice (CS50; in milliamperes) 
with upper 95% confidence limits. **P <0.01 compared 
with the CS50 value in the control group. 
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However, the difference was not statistically sig-
nificant (P > 0.05). Post hoc analysis revealed sta-
tistically significant effects for doses of 100, 200, 
and 400 mg/kg, which elevated the psychomotor 
seizure threshold to 13.70 (range, 12.83–14.62), 
13.55 (range, 12.35–14.88), and 13.49 mA (range, 
12.54–14.51 mA), respectively (P < 0.01 for all 
groups). 

B. Effect of G. lucidum Extract in the 
Forced Swim Test 

The influence of G. lucidum aqueous extract on 
the total duration of immobility is shown in Fig. 4 
(F[4,53] = 9.639; P < 0.001). G. lucidum extract at 
the lowest dose tested, that is, 50 mg/kg, did not 
produce anti-immobility action compared with 
the control group (P > 0.05). It shortened the total 
immobility duration from 200.90 ± 4.46 seconds 
(control group) to 183.30 ± 6.31 seconds. A statis-
tically significant reduction in the total immobility 
duration (to 172.30 ± 5.18 seconds) was observed 
after pretreatment with a dose of 100 mg/kg (P < 
0.01). Higher doses of G. lucidum extract (200 and 
400 mg/kg) caused a further decrease in immobil-

ity duration to 157.00 ± 8.13 and 150.90 ± 7.02 
seconds, respectively (P < 0.001 for both groups).

C. Effect of G. lucidum Extract in the 
Elevated Plus Maze Test 

Data illustrated in Fig. 5 present the influence 
of G. lucidum extract on animal behavior in the 
elevated plus maze test. In control animals the 
percentage of open arm entries was 40.65 ± 4.61%, 
whereas the percentage of time spent in open arms 
was 31.65 ± 4.62. Mice pretreated with G. lucidum 
at doses of 400 and 600 mg/kg did not show any 
statistically significant difference compared with 
the vehicle-treated group in either the percentage 
of open arm entries (F[2,29] = 0.468; P = 0.631, 
one-way ANOVA) or in the percentage of time 
spent in open arms (F[2,29] = 0.469; P = 0.630, 
one-way ANOVA).

D. Effects of G. lucidum Extract on 
Locomotor Activity

The mean activity count in the control group 
was 3023 ± 217. G. lucidum extract tested at 
doses of 400 and 600 mg/kg decreased the mean 
number of ambulatory movements to 2399 ± 
188 and 2514 ± 256, respectively. However, the 
changes in spontaneous locomotor activity were 
not statistically significant (F[2,26] = 2.204; P = 
0.131) (data not shown). 

E. Acute Toxicity Effects of G. lucidum 
Extract 

The acute toxicity of G. lucidum extract was 
studied at doses ranging from 50 to 2400 mg/kg. 
The chimney test did not reveal any impairment 
of motor performance in mice treated with G. 
lucidum extract (P = 1.000; data not shown). In the 
grip strength test, the mean grip force in the control 
group was 0.0335 ± 0.001 N/g. G. lucidum extract 
at any doses tested did not significantly affect 
neuromuscular strength in mice (F[7,68] = 1.391; 
P = 0.223) (data not shown). No mortality or any 
other signs of intoxication were observed.

FIG. 4: Effect of aqueous extract of cultured Ganoderma 
lucidum mycelium on duration of immobility in the forced 
swim test in mice. G. lucidum aqueous extract was ad-
ministered orally by gastric gavage 30 min before the test. 
Control animals received a vehicle. Each experimental 
group consisted of 11 or 12 animals. Data are presented 
as means + standard errors of the mean. **P < 0.01, ***P 
< 0.001 compared with the control group 
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IV. DISCUSSION

Herbal medicines, along with medicinal 
mushrooms, are the most commonly used forms of 
complementary and alternative therapies, and their 
usage has dramatically increased in recent years.19 

The anticonvulsant activity of G. lucidum in 
animal models has not yet been extensively stud-
ied. This prompted us to evaluate the activity of an 

aqueous extract of cultured G. lucidum mycelium 
in 3 acute seizure assessments commonly used in 
preclinical studies of new antiepileptic drugs.13 
The data obtained in this study did not confirm 
previous reports demonstrating the anticonvulsant 
efficacy of G. lucidum against clonic and tonic sei-
zures in rats.11,12 No alternation in seizure threshold 
for the onset of generalized clonus in the timed i.v. 
PTZ test was observed in our study. G. lucidum 
aqueous extract also failed to increase the thresh-
old for the onset of forelimb tonus in the i.v. PTZ 
test and the threshold for hindlimb extension in the 
MEST test. Several distinct factors might account 
for the dissimilarity between our results and results 
obtained by Aguirre Moreno et al.11 First, our stud-
ies used different species of animals (e.g., mice 
and rats) and seizure models. Second, there could 
have been a difference in the quality and quan-
tity of the active compounds between the studied 
extracts. An aqueous extract from cultured G. lu-
cidum mycelium was used in our study. Likewise, 
a water extract of G. lucidum was used by Aguirre 
Moreno et al. Unfortunately, whether their extract 
was obtained from fruiting body or cultured myce-
lium of G. lucidum was not clarified. The chemi-
cal composition of the extract is affected by many 
factors, such as the origin and strain of G. lucidum, 
cultivation conditions, and methods of extraction. 
In our study, cold aqueous extraction was per-
formed by homogenization, in contrast to double 
boiling, which is usually used to prepare aqueous 
extracts. Moreover, various forms of G. lucidum 
(mycelium, fruiting body, spores, or culture me-
dium) were used in the studies, which may also 
contribute to the qualitative and quantitative differ-
ences in the studied G. lucidum products.1,2,20 The 
main drawback of our studies and those performed 
by Aguirre-Moreno et al. is that the extracts were 
not standardized. Thus a direct comparison of the 
results is problematic. The route of administration 
is the next factor that might have partly influenced 
the results. This study used an oral route of admin-
istration. This mode of administration corresponds 
to the one used in humans: G. lucidum is usually 
taken as tablets or capsules. Because bioavail-
ability is, in general, lower for drugs administered 
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FIG. 5: Effect of aqueous extract of cultured Ganoderma 
lucidum mycelia on the percentage of the open-arms 
entries (A) and the percentage of the time spent in the 
open arms (B) in the elevated plus maze test in mice. 
G. lucidum aqueous extract was administered orally by 
gastric gavage 30 min before the test. Control animals 
received a vehicle. Each experimental group consisted 
of 10–12 animals. Data are presented as means + stan-
dard errors of the mean.
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orally than for drugs injected intraperitoneally, 
higher doses are needed. Although the doses used 
in our study were much higher than the dose used 
by Aguirre-Moreno et al, who administered G. lu-
cidum extract intraperitoneally, no effect on tonic-
clonic seizures was observed.11

Interestingly, G. lucidum extract significantly 
increased the threshold for psychomotor seizures 
in the 6-Hz seizure test, which is considered to 
be a model of therapy-resistant limbic seizures21 
and is recommended for the screening of new 
antiepileptic compounds when they are found to 
be inactive in the MEST and subcutaneous PTZ-
induced seizure test.13 The anticonvulsant activity 
of G. lucidum in the 6-Hz seizure test was weak; 
the seizure threshold was elevated by only ~20%. 

The question arises, why in our study did G. lu-
cidum not produce anticonvulsant activity against 
tonic-clonic seizures and myoclonic twitches but 
show an anticonvulsant effect on psychomotor 
seizures? Perhaps the anticonvulsant activity of 
the active constituents of G. lucidum depends on 
brain areas and is limited to only limbic structures; 
psychomotor seizures in the 6-Hz model originate 
from the limbic system, whereas clonic seizures 
are considered to be forebrain seizures, and tonic-
clonic seizures originate from the brain stem.22,23

Nonetheless, there is some evidence that 
points at possible antiepileptic effects of G. 
lucidum. Well-proven immunomodulatory and 
neuroprotective activity of G. lucidum indicates 
that it may prevent seizures and seizure-induced 
brain damage associated with inflammatory 
responses.11 An anticonvulsant effect of G. 
lucidum can be also mediated through stimulation 
of GABAergic neurotransmission; mushroom 
compounds have been suggested to act, at least 
in part, as benzodiazepine receptor agonists.4 
Moreover, G. lucidum contains adenosine (the 
main endogenous anticonvulsant agent)24 and 
compounds that lead to downregulated expression 
of matrix metalloproteinase-9,25 an enzyme that 
is implicated in epileptogenesis.24 The active 
ingredients of G. lucidum can also reduce nitric 
oxide (NO) production.26 Worth noting is that 
disruptions of NO transmission by NO synthase 

inhibitors can exert pro- and anticonvulsant effects 
or no effects on seizure activity, depending on 
the seizure model, species differences, doses, and 
pretreatment time.27 This phenomenon may explain 
in part the discrepancy between our results and 
those of another report.11 Although this hypothesis 
cannot be excluded, it is highly unlikely. Which, if 
any, compound(s) of G. lucidum extracts suppress 
NO production and at which concentration is not 
clear. In addition, there is the question of whether 
NO concentration was reduced in the brain. G. 
lucidum inhibits inducible NO synthase,26 but the 
effect on neuronal NO synthase has not yet been 
investigated. 

Matsuzaki et al.28 provided initial evidence 
for antidepressant-like activity of extract from 
the culture medium of G. lucidum mycelia in 
rats during the forced swim test. In this study we 
showed that acute oral administration of aqueous 
extract of cultured G. lucidum mycelium caused 
an anti-immobility effect in mice during the forced 
swim test. It was concluded that the mechanism 
underlying the antidepressant activity of G. lucidum 
may involve blockade of 5-HT2A receptors and is not 
related to an inhibitory effect on serotonin reuptake 
from the synaptic cleft.28 The immunostimulating 
and neuroprotective activities of G.  lucidum might 
also have been responsible for the antidepressant-
like effect because malfunctioning of the immune 
system is involved in the pathophysiology of 
depression, and a number of antidepressant drugs 
possess immunomodulatory and neuroprotective 
properties.21 Assuming that G. lucidum 
suppresses NO production in the brain structures, 
antidepressant-like effects of the studied extract 
could have been partly related to the reduction of 
NO concentration in the brain. 

In this study we also aimed to evaluate the acute 
anxiolytic-like effect of aqueous extract of cultured 
G. lucidum mycelium in mice during the elevated 
plus maze test. No significant anxiolytic-like ac-
tivity was detected. Our results are consistent with 
findings of Matsuzaki et al.,28 who did not observe 
an anxiolytic-like effect of an extract from culture 
medium of G. lucidum mycelium in rats during the 
elevated plus maze test. However, Matsuzaki et al.28 
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reported an anxiolytic-like effect of a studied extract 
in contextual fear-conditioning test in rats.

Drugs affecting locomotor activity may yield 
false-positive or false-negative outcomes in the 
forced swim test and elevated plus maze test. 
Acute treatment with G. lucidum extract did not 
cause locomotor deficit or sedation. No changes 
in activity counts after acute treatment with G. 
lucidum is in line with a previous report in which 
a sedative effect in mice was observed after 3 
days of treatment with G. lucidum extract (80 
mg/kg), but not after administration of a single 
dose.4 We also showed that the studied extracts 
(50–2400 mg/kg) did produce any toxic effects. 
They did not affect motor coordination or muscu-
lar strength and did not cause death in mice. Thus 
the toxic dose of the G. lucidum extract used in 
our study is >2400 mg/kg. 

V. CONCLUSIONS

This study demonstrates for the first time that 
aqueous extract of cultured G. lucidum mycelium 
possesses a weak anticonvulsant effect in the 
6-Hz psychomotor seizure model and is devoid of 
anticonvulsant action in the MEST and i.v. PTZ 
tests in mice. In addition, our results constitute 
further support for the antidepressant-like effects 
of G. lucidum extract and for the lack of an 
anxiolytic-like effect in the elevated plus maze 
test. Natural remedies are widely used not only 
for health promotion but also as an additional 
or alternative therapy in patients suffering from 
severe diseases, including epilepsy, depression, 
and anxiety disorders. Although many herbs 
and dietary supplements are believed to be well 
tolerated, some of them could potentially increase 
the risk of seizures, affect mood, or induce anxiety 
and may cause interactions with prescribed drugs.19 
For instance, increased seizure risk was reported 
for products containing Ephedra sp., Hypericum 
perforatum, and Ginkgo biloba.29,30 Adverse effects 
of Ephedra sp. also include severe depression and 
anxiety.31 Hence assessment of the risk-to-benefit 
ratio should play a crucial role in herbal medicine 
research. Further studies are required to isolate and 

characterize biologically active compounds from 
G. lucidum that may affect central nervous system 
functioning. 
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