HERICIUM ERINACEUS EFFECTS
ON CENTRAL NERVOUS SYSTEM

Hericium erinaceus is an edible and medicinal mushroom well known in China, where it’s cal-
led Houtou, and in Japan, where it’s called Yamabushitake because it resembles the ornamental
cloth worn by Buddhist monks practicing asceticism. This article illustrates the activities of this
mushroom on central nervous system and memory.

* Paola Rossi
been shown to exert crucial functions in the central
nervous system (CNS). Results of preclinical studies
involving pathological animal models demonstrate
that NGF acts on cholinergic neurons, induces neu-
Introduction ronal differentiation, promotes neuronal survival

ericium erinaceus (Bull.:Fr.) Pers. (Heri-
Hciaceae, higher Basidiomycetes) is one of the

edible and medicinal mushrooms distribut-
ed in Asia, Europa and North America. It is one of
the wood-destroying fungi that cause white rot; it
is a temperate mushroom that requires cool tem-
peratures of 18°C to 24°C to produce fruit bodies
(Fig.1).
Hericium erinaceus (Hr) is a saprophytic inhab-
itant on dead trunks of hardwoods, including oak,
walnut, beech, maple, sycamore, elm and other
broadleaf trees. The nutritional and medicinal prop-
erties of Hr are well known in Europe, China and Ja-
pan (Chang and Wasser, 2012). In China, it is called
Houtou, as its fruit bodies look like the head of a
baby monkey, and Shishigashira (Lion’s Head).
It is one of the famous four dishes in China (the
other three are sea cucumber, bear palm and bird’s
nest). In Japan, it is called Yamabushitake because
it resembles the ornamental cloth worn by Yama-
bushi — Buddhist monks practicing asceticism in the
mountains.
Hr comprises numerous compounds with intriguing
biologic activities; these include promotion of the
synthesis of nerve growth factor (NGF) and brain
derived neurotrophic factor (BDNF), cytotoxic
functions, antimicrobial effects, and antitumor and
antioxidant activities. The compounds hericenones
C-H and erinacines A-I have been isolated from the
Hr fruiting body and mycelium, respectively. Heri-
cenone and erinacine are low-molecular-weight,
lipid-soluble compounds that can cross the blood-
brain barrier. These compounds have been shown
to stimulate NGF synthesis in cultured astrocytes
(Kawagishi et al., 1991, 1994, 1996). Moreover,
oral administration of Hr increases expression of
NGF mRNA in the mouse hippocampus. NGF has
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and regeneration, and ameliorates neurodegenera-
tion and cognitive deficits.

In mice, oral administration of Hr prevents amyloid
B (25-35) peptide-induced impairment of spatial
short-term memory and visual recognition memory
(Mori et al. 2011). Recently, orally delivered Hr was
found to confer neuroprotection in mice that had
undergone middle cerebral artery occlusion (Haze-
kawa et al. 2010).

Despite an extensive investigation of the effects of
Hr in cognitive pathological conditions, before us,
no one have investigated the effects of dietary sup-
plementation with H. erinaceus in healthy mice.
Thanks to the scientific collaboration between Mi-
conet, an academic spin-off of the University of
Pavia and AVD Reform s.r.l. (Casal Noceto, Pavia)
we assessed the study of the effect of the dietary
supplement “Micotherapy Hericium” on central
nervous system. The AVD Reform supplement “Mi-
cotherapy Hericium” contains mycelium and fruit-
ing body extract of Hr in a ratio 4/1.

We investigated the effect on behavior and on the
neuronal network involved in memory skills in
wild-type healthy mice. A group of wild-type mice
were fed for two months with a dextrin dietary sup-
plementation and another one with Hr dietary sup-
plementation. We performed in vivo and in vitro
experiments to assess novelty exploration and rec-
ognition memory after Hr dietary supplementation
(Brandalise et al. 2017; Rossi et al. 2018). We also
presented some preliminary data on Hr supplemen-
tation on mood and sleep disorders in a group of
overweight female subjects treated with hypocaloric
diet.

Where is located memory in our brain?
Memory is located in a part of our brain called medi-



al temporal lobe comprising hippocampus and para-
hippocampus regions. The hippocampus belongs to
the limbic system and plays important roles in the
consolidation of information from short-term mem-
ory to long-term memory and spatial navigation.
Humans and other mammals have two hippocampi,
one in each side of the brain. In Alzheimer’s dis-
ease, the hippocampus is one of the central nervous
system region to suffer damage; memory loss and
disorientation are included among the early symp-
toms. Damage to the hippocampus can also result
from hypoxia, encephalitis, or medial temporal lobe
epilepsy.

People with extensive, bilateral hippocampal dam-
age may experience anterograde amnesia - the ina-
bility to form or retain new memories.

Memory to a cellular level is expressed in the neu-
ronal network as neural plasticity. Long term plas-
ticity known as long-term potentiation (LTP) is the
cellular mechanism at the basis of memory storage
in our brain.

Recognition memory

Our memory can be distinguished in two major
types (Fig.2):

- Implicit memory (or non-declarative), is a memory
that relates to the mode of “Executing an act” and
it is invoked to the mind unconsciously. This kind
of memory is generally connected with the perfor-
mance-based training, motors or perceptions, of re-
flex type. It is a rigid memory (not ductile), closely
related to the original conditions in which learning
tooks place;

- Explicit memory (or declarative) is a memory that
involves knowledge of facts about people, places, or
objects. This type of memory is evoked in mind with
deliberate and conscious efforts. It is a very flexible
memory and requires the ability to associate togeth-
er different informations.

The expression of declarative memory depends on
connected anatomical structures located in the me-
dial temporal lobe of the central nervous system,
in particular hippocampus and parahippocampal
cortex. Declarative (or explicit) memory is further
subdivided into episodic and semantic memory.
Episodic memory is defined as a memory of events
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Fig. 1. Hericium'erinaceus

personally experienced. People remembers his past
with the consciousness of “where” and “when”
events have taken place (Fig. 2).

Knowledge of facts and notions, independently by
personal experiences, is defined semantic memory.
An example is the notions we learned from school
or books. The semantic memory includes the knowl-
edge of things, facts and concepts, as well as words
and their meaning, independently by the spatio-tem-
poral context.

The recognition memory is a type of episodic mem-
ory and concerns autobiographical experiences and
often includes the spatio-temporal context. One of
the features highlighted in people with cognitive
decline, such as patients suffering from Alzheim-
er’s, is the difficulty to recognize a familiar object,
previously encountered and the relative difficulty in
distinguishing it from a new object. The memory of
“recognition” is a fundamental aspect of our ability
to remember and to identify an event. Researchers
have long been interested in the mechanisms under-
lying recognition memory and currently there is a
general agreement that two distinct cognitive opera-
tions, recollection and familiarity, contribute to rec-
ognition memory. The recognition process is there-
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fore composed by at least two components (Brown
et al., 2001, Fig 3):

- Discrimination of the familiarity, that is, knowl-
edge of what has been previously encountered;

- Ability to remember information about the spatial
and /or temporal context in which objects were en-
countered. We can make an easy example to better
understand this point. By meeting a person on the
road, we can recall the name (“Familiarity”) and we
can recall where we have met him before (“remem-
ber informations”). The two processes are therefore
the remember as a familiar people and the recall of
the previous context encountered.

This two components of recognition memory could
be localized in the same neuronal network or could
be localized in two different regions of the central
nervous system (Brown M.W. et al., 2001)

Ongoing debate which is central to our understand-
ing of recognition memory function is whether
recollection and familiarity reflect different mem-
ory processes that can be dissociated anatomically
and functionally (dual-processes model) or it is a
single unitary process expression of memory trac-
es of different strength in the context of a unitary
declarative memory system (unitary-strength mod-
els, Ameen-Ali et al., 2015). In the first hypothe-
sis, recognition memory could be supported by two
functionally distinct processes mediated by different
structures in the medial temporal lobe; the parahip-
pocampal region, could be part of a circuit involved
in familiarity and recognition of individual items
and the hippocampus, supporting recollected asso-
ciations and relationships amongst stimuli (for a re-
view, see Ameen-Ali et al., 2015). Studies involving
human amnesic patients with hippocampal damage
have provided useful insight into this debate and it
has offered support to the dual-process model. In
animals, lesion studies using the spontaneous novel
object recognition task (NOR) and object-location
task (O-L) have provided a useful insight into the
anatomical basis for recognition memory. The per-
irhinal cortex is critical for successful performance
on NOR, while lesions of hippocampal or fornix have
no detrimental effect on NOR test. Conversely, rats
with dorsal hippocampal lesions cannot successfully
perform the OL, while perirhinal cortex lesions have
no effect on OL task performance.

Effect of Hericium erinaceus in memory
cognitive performances in mice

To explore the role of Hr in vivo in recognition mem-
ory and in exploration behavior we evaluated the ef-
fect of two months oral supplementation with “My-
cotherapy hericium” in healthy mice by using two
batteries of spontaneous behavioral tests, the NOR
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and the Emergence test, from one side and the OL
and Ymaze from the other side. All the experiments
were recorded with a video camera. As described be-
fore, the recognition memory, a form of declarative
memory, can be defined as the ability to discriminate
the novelty or familiarity of previous experiences by
identifying when something (e.g., an object or an en-
vironment) has already been encountered.

The Novel Object Recognition test (NOR, Fig. 4) has
become a widely used model for working memory,
attention and preference for novelty in rodents. The
NOR task evaluates the rodents’ ability to recognize
a novel object in the environment. Basically, in the
NOR task, there are no positive or negative reinfore-
ers, and this methodology assesses the natural pref-
erence for novel objects displayed by rodents. The
task procedure consists of three phases: habituation,
familiarization, and test phase. In the habituation
phase, for the first two days each animal is allowed
freely exploring the open-field arena in the absence
of objects for 10 minutes. The animal is then re-
moved from the arena and placed in its holding cage.
On the third day, during the familiarization phase a
single animal is placed in the open-field arena con-
taining two identical sample objects, for 5 minutes.
After a retention interval (15 minutes), during the
test phase, the animal is returned to the open-field
arena with two objects, a familiar one and a new one.
The Emergence test is a variant of the open field
test, commonly used for qualitative and quantitative
measure of general locomotor activity and of willing-
ness to explore in rodents. The apparatus consist in
a typical cage for rodents where we have made a hole
through which the mouse was able to get out and
explore the environment.

Our data demonstrate that wild-type mice supple-
mented with Hr increased their recognition memory
and the exploration of a novel environment and a
novel object (Brandalise et al., 2017). The results of
the NOR task indicate that the Hr mice spent more
time approaching the novel object than the familiar
object; the decreased latency of the first approach
and the increase in the frequency of approaches,
combined with the longer duration of approaches,
further support a state of increased novelty explo-
ration behavior. Conversely, the NOR test revealed
no differences between Hr and dx mice in the explo-
ration of the familiar object, indicating that the in-
crease in exploratory activity is specifically oriented
to the novel object.

The ability to cope with novelty is essential in all
mammal species. Novelty-seeking has been identified
as one of the six major human personality dimen-
sions, whereas neophobia describes hesitancy to en-
gage with novel objects and places and can be con-



sidered a risk factor for anxiety
disorders. A low level of explor-
atory activity towards novelty
is interpreted as a sign of anxie-
ty-like behavior. Furthermore,
reduced novelty-seeking and,
in turn, increased neophobia
can be considered core symp-
toms of depression; these be-
haviors are closely related to
rigid evaluative patterns and
reduced flexibility that also
characterize the depressive
state. A recently published
paper described the reduction
of depression and anxiety by
4 weeks’ intake of Hr dietary
supplementation in 30 female
subjects (Nagano M. et al.,
2010).

To explore the role of Hr in
spatial memory we evaluated
the effect of two months oral
administration in wild-type
mice by using the Object Lo-
cation test and Y-maze test.
Object location test (OL, Fig.
5) is a variant of the NOR test
and involves multiple items
and contextual associations.
The task procedure is simi-
lar to the NOR test but, after
a retention interval (15 min-
utes), during the test phase,
the animal is returned to the
open-field arena with two ob-
jects, where one is left in the
same position while the other
is moved to a new position.

In the O-L task, all parameters
measured after Hr oral supple-
mentation i.e. number, total
duration, average duration of
approaches and latency of first
approach are not statistically
significant suggesting that in
wild-type mice Hr has no ef-
fect on spatial working mem-
ory.

The Y maze is a simple and au-
tomatable task that allows for
rapid assessment of the will-
ingness of rodents to explore
new environments. Rodents
typically prefer to investigate
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a new arm of the maze rather than returning to one that was previous-
ly visited. Because the behavior is not reinforced with external rewards
or punishments, this task is considered spontaneous. In Y-maze task is
possible to measure the locomotor activity in terms of the frequency
of arm entries, spontaneous alternation and spatial working memory.
Many parts of the brain, including the hippocampus, septum, basal
forebrain, and prefrontal cortex are involved in this task.

Data obtained in Hr supplemented mice performing OL test were con-
firmed in Y-maze test that reveals that the alternation percentage, a
measure of the mouse performance in choosing different arm at each
inspection, did not change. In supplemented mice an increase in gener-
al locomotion activity was revealed by the number of total arm entries.
The lack of effects with O-L and Y-maze tasks that has been described
to be hippocampal-dependent and, on the other side, the increase in
recognition memory obtained with NOR and emergence tasks that has
been described parahippocampal-dependent, strongly suggests that Hr
supplementation has a selective role in increasing parahippocampal
cognitive performances. An other outcome coming from our studies
is that the effects of Hr supplementation in wild-type animals strongly
suggest that the recognition memory is a dual-process implying differ-
ent behavioral mechanism and/or different anatomical structures.
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Hericium erinaceus effect on hippocampal network

We studied the effect of Hr in supplemented wild-type mice to a net-
work and cellular level on hippocampus brain slices by performing elec-
trophysiology recording in the mossy fiber-CA3 region, a glutamatergic
synapse of the hippocampus. We recorded spontaneous and evoked ex-
citatory post-synaptic currents in mice treated with two months of oral
administration with dextrin (as placebo control) or Hr. Recordings were
obtained by using whole-cell voltage-clamp technique in hippocampus
CA3 pyramidal neurons. We demonstrated that after 2 months of oral
supplementation with Hr there a higher amount of neurotransmitter is
released from mossy fiber to CA3 pyramidal neurons. This conclusion
was supported by higher frequency and higher amplitude of spontaneous
excitatory activities recorded in pyramidal neurons and lower number
of stimulation failures and decreased pair-pulse ratio of evoked activities
in Hr-fed mice (Brandalise et al. 2017, Rossi et al. 2018). Therefore,
after oral supplementation, Hr increase glutamatergic neurotransmis-
sion in the hippocampus structure demonstrating, for the first time, the
increase in neurotransmitter release and of neuronal excitatory activity
on circuit involved in consolidating memory traces.

Recognition memory

¥

Abdlity to diseriminate
| knowledge something familiar from
- something new.

Remember the spatial
and temporal context of
Events.

remember
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Hericium erinaceus
effects on human

Hr increases nerve growth factor
(NGF) expression in central nerv-
ous system, and, in particular in
the hippocampus structure. It is
assumed that functional deficien-
cy of NGF is related to Alzheim-
er’s disease and plays a part in the
etiology of the disease process. It
is known that NGF levels are de-
creased in the basal forebrains of
Alzheimer’s disease patients, and
in the frontal cortices of patients
with senile plaques (Mori et al.,
2008). Two recent papers de-
scribe the oral supplementation in
human. In the first, the efficacy of
oral administration of Hr was re-
ported in patients diagnosed with
mild cognitive impairment, using
a cognitive function scale based
on the revised Hasegawa Demen-
tia Scale. Laboratory tests were
performed to confirm the safety of
the supplementation and the ab-
sence of adverse effect. The study
of Mori et al. (Mori et al. 2009)
suggest that continuous intake of
foods that promote NGF synthesis
may be one of the effective ways
to prevent or alleviate Alzheimer’s
disease. Consequently, Hr can be
regarded as a useful food for the
prevention of dementia without
any adverse effects.

A second study on human has de-
scribed an effective action of Hr
in improving mood disorders in
a group of women suffering from
depressive and anxious symptoms
(Nagano et al. 2010).

We assessed the effects of Hr sup-
plementation on mood and sleep
disorders in a group of overweight
female subjects treated with hy-
pocaloric diet.

We recruited subjects who had
both mood disorders and a condi-
tion of overweight-obesity (BMI>
25) at the Policlinico Ca’ Grande
at the Obesity Center of Milan.
Mood disorders were discriminat-
ed on the scores analysis in the
self-evaluation tests for anxiety,
depression, emotional eating and



sleep disorders, routinely admin-
istered to all patients at the obe-
sity center. Hr was taken for 8
weeks by the subjects included
in the treatment group and the
neurotrophic activity was eval-
uated through the scores of the
self-evaluation tests compared to
the control group under the same
low-calorie diet. The preliminary
data obtained suggest that Hr
supplement “Mycotherapy Heri-
cium” could be used for the pre-
vention and treatment of obesity
and depression.

Conclusion

Our data indicate that Hr supple-
mentation with in healthy mice
increase the recognition memory
of new object and of new place,
an antineophobia behavior. No
effect were seen on spatial mem-
ory tasks, demonstrating that Hr
oral supplementation is specifical-
ly addressed to parahippocampal
region increasing glutamatergic
synaptic drive, novelty explora-
tion behavior, and recognition
memory. This result is paralleled
by an increase in spontaneous
and evoked glutamatergic neu-
rotransmission at the mossy fib-
er-CAJ3 synapse in hippocampus.
In human Hr supplementation
with “Mycotherapy hericium” de-
creases mood and sleep disorders
in overweight women under a low
caloric diet. This data on the ef-
fects on brain of Hericium erina-
ceus oral supplementation both
in mice and in human are really
promising and yielded several key
findings that we hope will pave
the way for new studies in healthy
humans in order to bridge the gap
between the millenary Eastern
medicine and our Western medi-
cine (Wasser S.P., 2014).
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Fig. 4. Novel Object Recognition test. The task consists of three phases: Habituation, familiarization,
and the test phase. In the habituation phase, for the first two days each mouse is given10 minutes
to freely explore the open-field arena the absence of objects, after which it is removed from the
arena and placed in the holding cage. On the third day, during the familiarization phase, each mouse
is placed into the open-field arena and left free to explore two identical objects for 5 minutes. After
the retention phase has elapsed (15 minutes), in test phase the mouse is settled back into the open
box where it is exposed both to a familiar object, identical to the one previously encountered in the
familiarization phase, and to a novel object with a different size and shape.
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