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Abstract

Purpose: To investigate the effect of Polycephalomyces nipponicus (P. nipponicus) extract on ethanol
withdrawal syndrome in mice.

Methods: Male Institute of Cancer Research (ICR) mice were divided into 3 groups of 10 animals per
group. Mice were intraperitoneally injected with ethanol (2 g/kg/day) or normal saline solution 0.9 %
(0.05 mL/kg) as control for 10 consecutive days. Anxiety-like behavior associated with alcohol
withdrawal syndroms (AWS) was assessed at 12, 24, and 36 h after the last dose of ethanol or normal
saline using the light-dark box, open field, and elevated plus maze tests. Thereafter, the time that
showed the most prominent AWS was chosen to determine the effect of P. nipponicus extract. P.
nipponicus extract (600 mg/kg, orally) or diazepam (4 mg/kg, i.p., as a positive control), was
administered 1 h before the tests.

Results: Polycephalomyces nipponicus extract significantly mitigated anxiety-like behavior in alcohol-
withdrawn mice across all evaluated models (p < 0.05). The results suggest that P. nipponicus reduced
alcohol withdrawal syndrome, especially anxiety-like behavior.

Conclusion: This study provides evidence that P. nipponicus may be useful in the treatment of alcohol
withdrawal syndrome, especially anxiety-like behavior. This study shows the potential of P. nipponicus
as a new intervention for alleviating neurochemical imbalances linked to alcohol withdrawal.
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INTRODUCTION

Ethanol, the principal component of alcoholic
beverages, is the most consumed recreational
beverage and a significant substance of abuse
among adult population. This prevalence,
however, comes with alcohol-related deaths
ranking as the third leading cause of mortality on
a global scale [1]. The perils associated with

excessive alcohol consumption extend beyond
immediate health risks and development of
dependence in many individuals. When the
habitual intake of alcohol is abruptly halted or
significantly reduced in dependent individuals, a
distinct syndrome called alcohol withdrawal
syndrome (AWS) emerges.

Alcohol withdrawal syndrome is characterized by
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a continuum of signs and symptoms indicative of
central nervous system (CNS) hyperexcitability.
This heightened neural activity serves as a
compensatory response to the depressive effect
induced by prolonged alcohol consumption [2].
Severity and duration of symptoms vary widely,
and it is influenced by factors such as quantity
and duration of alcohol consumption, individual
differences, and overall health [3]. Typical
manifestations of AWS encompass a spectrum
ranging from more common symptoms such as
anxiety, shakiness, sweating, vomiting, fast heart
rate, hyperthermia, and hyperventilation, to the
more severe expressions of neural
hyperexcitation, including hallucinations,
delusions, and grand mal seizures [4].

Development of alcohol dependence and AWS
are involved with a wide range of neurochemical
systems, including glutamate, y-amino butyric
acid (GABA), monoamines and various
neuromodulators and ion channels [2]. Many
pieces of evidence implicate adenosine, one of
the central neuromodulators, in the
pathophysiology of many psychiatric disorders,
including alcohol use disorder [5]. Adenosine
also plays a crucial role in regulating neuronal
activity and modulating signaling by other
neurotransmitters, which are key players in
various facets of alcohol use disorders [6].

Polycephalomyces nipponicus is an insect
pathogenic fungus that exhibits significant
potential as a source of natural antioxidants and
antibacterial agents, because of its high total
phenolic and flavonoid content [7]. It is enriched
with adenine and adenosine, making it a
compelling candidate for investigation of its
impact on AWS. This study investigated the
potential of P. nipponicus extract as a novel
intervention for mitigating anxiety-like behavior
associated with alcohol withdrawal in mice, which
might offer a promising avenue for future
therapeutic strategies in alcohol use disorders.

EXPERIMENTAL

P. nipponicus extract

The mycelia of P. nipponicus isolate Cod-
MK1201 were identified and extracted as
previously described [7]. The fungal mycelium
was collected, dried at 50 °C overnight, and then
ground into powder with a mortar and pestle. The
dried powdered mycelium was mixed with sterile
distiled water (100 mg/mL), sonicated,
centrifuged, and filtered through a 0.2-pum filter
before use.

Animals

Male outbred Mlac: Institute of Cancer Research
(ICR) mice, 6 - 8 weeks, weighing 25 - 35 g were
purchased from the Northeast Laboratory Animal
Center, Khon Kaen University, Thailand. Mice
were allowed to acclimatize in a specified room
under standard housing conditions (22 + 1 °C, 12
h light/dark cycle with lights on at 06:00 and off at
18:00). Ethical approval was obtained from the
Animal Research Ethics Committee, Khon Kaen
University, Thailand (approval no. IACUC-KKU-
53/2565, reference number 660201.2.11/366),
and adhered to the Guide for Care and Use of
Laboratory Animals published by the National
Institutes of Health [8].

Design

The mice received intraperitoneal injections with
either normal saline solution 0.9 % (n = 10) or
ethanol (2 g/kg/day; n = 10) for 10 consecutive
days. Anxiety-like behavior as a sign of AWS in
mice was tested at 12, 24, and 36 h after the last
dose of ethanol using the light-dark box (LDB)
test, open field test (OFT), and elevated plus
maze (EPM) test (Figure 1 A). The time that
showed the most prominent sign of AWS was
selected to further study the effect of P.
nipponicus on anxiety-like behavioral alterations
resulting from ethanol withdrawal. Every animal
received two treatments. The initial treatment
consisted of once daily intraperitoneal (IP)
injections of ethanol (2 g/kg) for 10 consecutive
days. A total of 30 mice were equally and
randomly assigned to three groups (n = 10).
Group 1 served as the control (ethanol
withdrawal and received normal saline), group I
received diazepam (4 mg/kg following ethanol
withdrawal), and Group 3 received P. nipponicus
(600 mg/kg following ethanol withdrawal) one
hour before behavioural assessments. (Figure 1
B).

Light-dark box test

The apparatus used for the light/dark transition
test comprised a cage patrtitioned into two parts
with a door. The compartments measuring one-
third for the dark compartment and two-thirds for
the light chamber, have external dimensions of
W27 x L46 x H30 cm. The two chambers were
connected by a small opening (dimensions: W7 x
H7 cm). The mice were positioned in the center
of the light compartment, facing the dark side.
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-DZP 4mg/kg, 1P (Gr. II),

-F. nipponicus 600 mg/kg, PO (Gr. III).

Figure 1: Experimental methodologies (A) to ascertain the optimal time interval to observe AWS. and (B) to
determine the effect of P. nipponicus and DZP on AWS. Key: PO: per os/per oral, IP: intraperitoneal

Mice were allowed to move freely between the
two chambers with the door open for 5 min. After
that, behavioral patterns such as the duration of
time spent in the light compartment (with all four
limbs), and the frequency of crossings from dark
to light. An increased duration in the light
compartment and a greater frequency of
crossings indicated less anxiety-like behaviors

[9].
Open field test

The open-field apparatus consisted of a square
arena (60 x 60 square arena, 50 high walls). For
analysis, the open field was divided into two
areas: the center (20 x 20 cm) and the outer
peripheral area. In the beginning, the mice were
placed in the center of the open field box and
were left to explore the apparatus for 5 min. The
time spent in the central area, as a measurement
of anxiety-related behavior was recorded.
Thereafter, behaviors such as duration spent in
the central area (with all four legs) and frequency
of entries in the center area were recorded. The
more time spent in the center area and a high
number of entries indicated lower levels of
anxiety-like behavior [10].

Elevated plus maze (EPM) test

The EPM apparatus consisted of a plus-shaped
maze elevated and comprised two open arms
(30 x 10 cm) positioned opposite each other and
perpendicular to two closed arms of the same
size with 5 cm high side walls and end wall,
along with a central region (10 x 10 cm) that
connects all the arms. In this test, the mice were
placed on the central platform facing a closed

arm. The number of times spent in the open
arms was used as a measure of anxiety-like
behavior. The elevated plus maze test was
documented with a video camera. The frequency
of entries into the open arms or closed arms, and
the time spent in the open arms were measured
as indices of anxiety-like behavior. Increased
duration in the open arms and/or higher number
of entries into the open arms indicated less
anxiety-like behavior [11].

Statistical analysis

Data was analyzed wusing the Statistical
Packages for Social Sciences (SPSS 21.0 IBM,
Armonk, NY, USA). Measurement data were
expressed as mean + standard error of means
(SEM), and compared using one-way analysis of
variance (ANOVA) accompanied by the Tukey
post-hoc test. A two-tailed Student t-test was
utilized in comparison between 2 groups. P <
0.05 was considered statistically significant.

RESULTS
Behavioral effect of ethanol withdrawal

Study group showed significantly lower time
spent in the light area and frequency of crossings
at all times compared to control group (p < 0.05)
using the DLB (Table 1), and OFT (Table 2).
Furthermore, study group showed significantly
lower time spent in the open arm and in the
frequency of entries in the open arms at all times
compared to control group (p < 0.05). However,
there was a significant increase in the number of
entries in the closed arms at 24 h, but not at 12 h
and 36 h in study group compared to control
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group (p < 0.05; Table 3). Therefore, to ascertain
the effect of P. nipponicus on anxiety-like
behavior associated with AWS and in
comparison, with diazepam, 24 hours following
the last ethanol dose was selected.

P. nipponicus extract on ethanol withdrawal-
induce anxiety-like behavior

Light dark box (LBD)

Diazepam treatment resulted in significantly
higher time spent in the light compartment
(Figure 2 A) and in the number of crossings
(Figure 2 B; p < 0.05). Furthermore,
administration of P. nipponicus (600 mg/kg,

orally) significantly increased the time spent in
the light part (Figure 2 A) and in the number of
crossings (Figure 2 B) compared to control group
(NSS; p < 0.05).

Open field

Treatment with DZP significantly increased the
time spent in the center area (Figure 3 A) and
number of entries in the center area (Figure 3 B;
p < 0.05). However, P. nipponicus at 600 mg/kg
showed significant increase in time spent in the
central area (Figure 3 A) and in the number of
entries in the center area (Figure 3 B) compared
to control group (NSS; p < 0.05).

Table 1: Dark-light box test following ethanol withdrawal in mice

Time _ Time spentin the light part (s) No. of crossing (light » dark)
(h) Control Ethanol Control Ethanol
12 102.40+3.15 56.11+3.74* 14.30+0.86 9.11+1.05*
24 90.40+2.60 29.67+3.58* 10.90+1.22 5.44+0.65*
36 91.20+2.60 21.24+1.52* 10.20+0.92 4.8940.45*%

Note: *P < 0.05 vs control group (n = 10)

Table 2: Open field test following ethanol withdrawal in mice

Time Time spent in the center area (s) No. of crossing

(h) Control Ethanol Control Ethanol
12 14.00+1.28 9.33£0.47* 11.30+0.68 6.33+£0.50*
24 12.44+0.56 5.38£1.03* 9.70+1.16 3.67+£0.37*
36 13.33+1.03 4.11+0.89* 8.20+0.67 2.89+0.39%

Note: *P < 0.05 vs control group (n = 10)

Table 3: Elevated plus maze test done following ethanol withdrawal in mice

Time Time in the open arms (sec) No. of open arms entries No. of closed-arms entries
(h) Control Ethanol Control Ethanol Control Ethanol
12 54.25+3.92 33.25+2.17* 5.86+0.74 4.38+0.66* 4.06+0.58 4.75+0.82
24 56.22+2.45 23.90+4.67* 5.57+0.81 2.74+0.42* 3.83+0.70 5.71+0.57*
36 56.75+2.68 26.10+£3.12* 5.63+0.50 2.75+0.65*% 4.57+0.37 4.83+0.60
Note: *P < 0.05 vs control group (n = 10)
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Figure 2: Effect of P. nipponicus and DZP on anxiety-related behaviors induced by ethanol withdrawal in mice
tested by LDB. A: time spent in the light part (s), B: number of crossings. Key: *P < 0.05 vs control (NSS)
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Figure 3: Effect of P. nipponicus and DZP on anxiety-related behaviors induced by ethanol withdrawal in mice
tested by OFT. A: time in the center area (s), B: number of entries to the center. *P < 0.05 vs control (NSS)
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Figure 4: Effect of P. nipponicus and DZP on anxiety-related behaviors induced by ethanol withdrawal in mice
tested by EPM. A: the time spent in the open arms (s). B: number of open arms entries. C: number of close arms

entries. *P < 0.05 vs control group (NSS)
Elevated plus maze

Treatment with DZP significantly increased the
time and number of entries in the open arms, and
the number of entries in the closed arm (Figure 4
A - C; p < 0.05). However, treatment with P.
nipponicus at 600 mg/kg resulted in a significant
increase in time spent in the open arms, number
of entries in open arms, and the number of
entries in the closed arm (Figure 4 A - C)
compared to control group (NSS; p < 0.05).

DISCUSSION

Alcohol withdrawal syndrome (AWS) may
develop within 6 to 24 h after abrupt
discontinuation or decrease in alcohol

consumption [12]. This study demonstrated that
ethanol withdrawal significantly induced anxiety-
like behavior in all tests. Diazepam was used as
a positive control and mitigated the effect of
ethanol withdrawal in the light-dark box, open
field and elevated plus maze tests. Pre-treatment

with P. nipponicus significantly alleviated the
effect of the ethanol-induced anxiogenic effect
induced by ethanol withdrawal. Results from this
study suggested that P. nipponicus (its main
compound being adenosine), significantly
reduced the effect of ethanol in anxiety-like
behavior of AWS. Generally, ethanol
consumption may influence the adenosine
neuromodulation system by elevating adenosine
levels, hence enhancing the activation of
adenosine receptors in the brain. The adenosine
modulation system regulates mood, memory
[13], and impairment of motor performance [14].

There are several potential reasons for the anti-
anxiety and anti-depressive benefits of P.
nipponicus. Since P. nipponicus is primarily
composed of adenosine [15], it may help
modulate the adrenergic system. Some studies
suggest that ethanol may elevate adenosine
levels and inhibit cellular uptake by type 1
equilibrative nucleoside transporter (ENT-1),
resulting in a blockade by modulating equilibrium
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among adenosine receptors, so influencing other
neurotransmitters involved in anxiety [16]. This
disturbs the equilibrium of the adenosine
modulation system in the brain, leading to
detrimental symptoms related to depression [15].
In addition, P. nipponicus has many active
ingredients, including adenine and adenosine
[17].

Adenosine is a modulator that has a pervasive
effect [18], and it plays an important role in
regulating neuronal activity and modulation
signaling by other neurotransmitters, such as
GABA, glutamate, and dopamine [15]. Also,
ethanol enhances adenosine signaling by
inhibiting type 1 equilibrative nucleoside
transporter (ENT1), thereby elevating adenosine
concentrations in the synaptic cleft. Chronic
exposure to ethanol induces neuroadaptations in
the densities of adenosine Al and A2A
receptors, perhaps contributing to ethanol
dependence and neurotoxicity [19]. P. nipponicus
extract, which contains adenosine, therefore has
advantages in the treatment of mood disorders
induced by ethanol. Therefore, P. nipponicus
helps in reducing anxiety-like behavior in AWS.
However, the extract mechanisms need to be
further investigated.

CONCLUSION

Oral administration of P. nipponicus extract
reduces alcohol withdrawal-induced anxiety in a
similar extent as diazepam. Although the exact
mechanism of action of P. nipponicus still needs
further investigation, this study shows the
potential of P. nipponicus as a new intervention
for alleviating the neurochemical imbalances
linked to alcohol withdrawal.
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