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Introduction
Hericium erinaceus is a medico-

culinary mushroom that has been 
used for thousands of years. Recent 
research endeavors have highlighted the 
benefits of supplementation for a diverse 
number of neurological conditions. 
Hericium erinaceus’s miraculous effects 
are thought to revolve around the 
stimulation of neurotrophic peptides 
such as nerve growth factor (NGF). 
NGF has a diverse and interesting role 
in a number of processes spanning 
from central nervous system (CNS), 
to peripheral nervous system (PNS), 
immune to endocrine. The alteration 
of NGF’s equilibrium in a number of 
pathologies has been highlighted but 
utilization of the peptide as a treatment 
has been severely hampered due to its 
inability to cross the blood brain barrier. 
It is this paper’s role to highlight and 
review Hericium erinaceus’s theoretical 
benefits and clinical usage, with a 
particular focus on its centrally acting 
neuroprotective effects.

The Lion’s Mane mushroom, 
Hericium erinaceus

The aptly named Lion’s Mane 
mushroom has a long medico-culinary 
history in China where it has been 
utilized historically in traditional 
Chinese medicine (TCM) for a number 
of aliments. It was only in the 1990s that 
precise scientific studies began on the 
isolation of biochemical compounds, and 
since then Hericium erinaceus has been 
shown to be a venerable treasure trove 
of bioactive compounds that have such 
broad affects as immunomodulation 
(Wang, 2001; Lui, 2000; Xu, 1994), 
anticancer (Wang, 2001; Xu, 1994; Chen, 
1987), antioxidative (Rahman, 2014), 
and antidiabetic (Yi, 2015) as well as the 
neuroprotective effects that this review 
will focus on.

Although the mushroom is relatively 
distinctive in appearance—and quite 
common in North America—it is in 
fact a rare mushroom in the United 
Kingdom. Here in the UK it is given 
the highest level of legal protection 
and is one of only four species of fungi 
listed as Schedule 8 on the Wildlife 
and Countryside Act of 1981 (https://
www.woodlandtrust.org.uk/trees-
woods-and-wildlife/fungi-and-lichens/
bearded-tooth/). This means that theft 
of the mushroom can be punishable 

by six months imprisonment or a large 
fine. As with a number of our critically 
endangered species, the assumed 
reason for its decline is the progressive 
destruction of its habitat, which is 
known to be beech woods and large 
standing trees. Although rare in nature, 
it is an easily cultivated mushroom, with 
growers cultivating directly from spores.

When harvesting these mushrooms, 
there are two separate areas to be aware 
of: the fruiting body and the mycelium. 
The main bioactive substances of interest 
from the fruiting body are hericenones, 
of which there are 11 (hericenones A–K). 
Four of these are of particular interest 
to us (C, D, E, F) due to their ability to 
stimulate NGF (Ma, 2010; Kawagishi, 
1991). More on this later.

The next area of interest is the 
mycelium. The bioactive chemical 
of interest here is called erinacines, 
however it should be noted the 
erinacines are not exclusively found in 
the mycelium, they have also been found 
in the fruiting body (Aoita, 2005). Out of 
the 15 erinacines, nine have been found 
to be potent stimulators of NGF (I-Chen, 
2018), as well as having a number of 
other positive health benefits that are 
beyond the scope of this paper. Next we 
will explore what NGF is and why it is of 
importance for neurological health.

NGF: an overview of its role in
CNS and PNS

NGF or nerve growth factor is a 
neurotrophic peptide that was first 
discovered in the 1940s by Rita Levi-
Montalcini (Cohen, 1954). Originally, 
its known role was primarily in the 
sensory and autonomic nervous system. 
Research has shown its role also to 
involve the central nervous system, the 
endocrine system, and the immune 
system. NGF plays a critical role in 
the development and maintenance 
of the central nervous system (CNS) 
(Misko, 1987). NGF is part of a family 
of structurally related neurotrophic 
peptides alongside BDNF and NT3-
7 (Barde, 1982). For this review, we 
will focus on the peptide NGF and its 
close relative BDNF (brain derived 
neurotrophic factor).

Of NGFs many roles, the one of 
particular interest for us in is the 
protection and maintenance of the 
central nervous system and its potential 
therapeutic application for a number 

of neurodegenerative diseases. NGF 
exerts its actions through two classes 
of neuronal receptor: the shared p75 
and Trk (Wiesmann, 2001). These 
receptors can be found on the surface 
of predominantly sensory but also other 
types of neurons. The binding of NGF 
to the Trk receptors signals the cell to 
grow, mature and differentiate, as well as 
inhibiting cell death (apoptosis). The role 
of the sister receptor to Trk, called p75, 
is less clear.

In the CNS, the greatest amount of 
NGF is synthesized in the cortex, the 
hippocampus, and the pituitary gland, 
although quantities have been found in 
the basal ganglia, thalamus, and spinal 
cord. In the peripheral nervous system 
(PNS), NGF can be found in every tissue 
or organ that is innervated by sensory or 
sympathetic efferent (Wiesmann, 2001). 
In the peripheral nervous system, NGF 
has a similar role of neurotrophic activity 
related to maintenance and repair.

NGFs role as an important 
neuroprotective agent is well understood 
in the literature, in the CNS we find a 
beneficial effect of NGF on conditions 
such as Alzheimer’s disease. This has been 
proven in vivo and vitro through NGF’s 
effect on two pathological hallmarks 
of Alzheimer’s disease; beta-amyloid 
toxicity and tau hyperphosphorylation 
(Aloe, 2012). It seems from L. Aloe’s 
conclusions that NGF’s effect on these 
two processes takes place as both as 
a direct anti-amyloidogenic factor 
regulating amyloid gene expression, 
protein processing and reducing tau 
hyperphosphorylation. Although the 
plaques and tangles are not the causative 
pathological process in Alzheimer’s, 
they are still deleterious biological 
ramifications of it. Their presence in the 
brain is therefore deemed detrimental 
and when treatment is aimed at reducing 
them it seems to have beneficial effects.

There is some evidence for the role 
of the beneficial effect of NGF in the 
traumatic brain injury of animals and 
children; it was found that levels of 
NGF in the cerebrospinal fluid of mTBI 
(mild traumatic brain injury) patients 
had a prognostic effect on the outcome 
(Chiaretti, 2003). Of particular note are 
two studies where NGF was used to treat 
children after a hypoxic brain injury. 
The IV infusion seems to have a positive 
effect on recovery, however sample sizes 
are small and the effect of the IV was not 
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noted (Chiaretti, 2008; Chiaretti, 2005). 
Further discussion on these studies will 
be made towards the end of this article.

In the PNS, we find that reduced 
levels of NGF can cause symptoms of 
peripheral neuropathy, both animal 
and human models of disease induced 
peripheral neuropathy have found 
deregulation and reduced utilization 
by PNS neurons (Riaz, 1996). This has 
led to the hypothesis that NGF could 
be a causative factor in the peripheral 
neuropathies associated with diabetes, 
HIV, and cancer. Experimental studies 
on diabetic neuropathy have found 
deficits in NGF transport (Hellweg, 
1990) and downregulation of signaling 
(Purves, 2001), which in animal models 
have improved with replenishment of 
NGF (Apfel, 1999; Apfel, 1994). From 
this information, we can conclude that 
NGF has an important role—not just 
in the CNS, but also in the optimal 
function of the PNS. With particular 
practical relation to the small diameter 
sensory fibers where the clinical 
manifestations of peripheral neuropathy 
are common, this author believes this to 
be an exciting area for future studies on 
compression neuropathies.

NGF: its role in neuroplasticity, 
neurogenesis and memory

Neuroplasticity can be defined as 
the ability of the nervous system to 
respond to either intrinsic or extrinsic 
stimuli by reorganizing its structure 
function and connections (Steven, 2011). 
In short, neuroplasticity is intricately 
involved in learning, adaptation, and 
the successful ability to change based on 
present environmental or psychological 
events. A concise example of this was 
demonstrated by a study on rats in 
which unsuccessful intermale aggressive 
behavior was monitored. It was found 
the subordinate rats had high levels of 
NGF in the subventricular zone and 
the hippocampus, two areas associated 
with neuroplasticity and memory. The 
increased NGF was hypothesized to 
catalyze neuroplastic adaptation and 
thus behavior change. Through this 
mechanism, the rat would remember 
the preceding events that led up to the 
unsuccessful interaction. The result 
being avoidance of further stress 
associated with loss, so as to protect the 
CNS from the barrage of glucocorticoids 
that this would entail (Alleva, 1993; 

Sapolsky, 1985). This led the authors 
to the conclusion that the high levels 
NGF in the subordinate rat caused the 
idiosyncratic neuroplastic changes, such 
as formation of dendritic spines and 
collateral sprouting that are indicative 
of learning (Alleva, 2001; Alleva, 
1989). These changes give us a physical 
manifestation of the effects of NGF.

Theoretically, NGF is released in high 
amounts in novel stressful situations 
in order to allow the dramatic and 
lasting adaptation of the brain to the 
previously uncatalogued environmental/
psychological stimulus; thus NGF would 
be integral to learning and adaptation. 
This can be seen in the study of soldiers 
performing their first parachute jump 
and who were found to have high levels 
of NGF in their blood (Aloe, 1994). It 
would be interesting to assess the levels 
of NGF in seasoned soldiers to see if the 
repetitive exposure to the same stimuli 
would reduce the need for NGF as the 
stimulus is no longer novel. It should 
be noted that the finding of NGF in 
the blood is not as specific as finding it 
directly in the brain, as NGF does not 
cross the blood brain barrier—as we will 
later see.

Following on from this it leads us to the 
topic of NGF in psychiatric conditions, 
and how neuroplasticity, or a lack thereof, 
may play an important role in the etiology 
and perhaps further treatment.

Chronic stress, and an inability to 
create new and more advantageous 
behavioral patterns, has long been 
shown to produce patterns of depression 
and anxiety like behavior which affects 
the distribution of NGF in animal and 
human studies (Connor, 1998; Aleva, 
1989). Although neurotrophic peptides 
do not alter mood themselves, they 
have an important role in learning 
and adaptation as we have previously 
mentioned. This ability to adapt to 
novel situations, respond appropriately, 
and remember the outcome for future 
modification or integration into new 
more advantageous patterns, is the main 
staple of modern psychotherapeutic 
techniques such as cognitive behavioral 
therapy (CBT) as proposed by Dr Beck. 
This is an interesting area for further 
research could be levels of NGF in failed 
and successful CBT candidates.

The hippocampus is one of the 
most well studied areas of the brain. 
Anatomically, it is located on the edge of 

the temporal lobe and considered part 
of the limbic lobe. Although subcortical 
in location, it is not considered a 
subcortical structure (Gilbert, 2009). 
The hippocampus has been intricately 
linked with memory ever since the 1970s 
when an unfortunate patient known as 
HM with epilepsy had the hippocampus 
completely removed, and from then on 
HM was unable to form new episodic 
memories, essentially locking his 
existence into perpetual Groundhog 
Day (Preilowski, 2009). Interestingly, the 
hippocampus has also been shown to 
cause retro- and antero-grade amnesia 
when damaged (Markowitsch, 1985).

One notable characteristic of the 
hippocampus is its propensity for 
atrophy under numerous circumstances. 
This characteristic has been well 
researched and hippocampal atrophy 
has been found in depression and 
anxiety (Boldrini, 2013; Cole, 2011; 
Kempton, 2011; Frodl, 2007; Bremner, 
2000). Atrophy is also used as a marker 
for deterioration in Alzheimer’s 
disease, with values such as 15–30% 
reduction in volume corresponding 
to mild cognitive impairment (MCI) 
and moderate Alzheimer’s up to 50% 
reduction in volume of the hippocampus 
(Dhikav, 2011; Frisoni, 2010). Although 
we are unsure why the hippocampus is 
so sensitive to atrophy, one particular 
theory proposes that the production 
of glucocorticoids under chronic stress 
may have a direct effect on the cells of 
the HC (Gilbert, 2009). This is further 
supported by the reduced size of HC in 
Cushing’s patients who pathologically 
produce glucocorticoids (Patil, 2021). 
This glucocorticoid theory would 
be corroborative of the protective 
therapeutic use of NGF against chronic 
stress (facilitating advantageous 
behavioral change), and thus deleterious 
effects of glucocorticoids, as previously 
mentioned. It should also be noted that 
neurogenesis in the hippocampus has 
been found to continue far into adult life, 
supporting the utility of this particular 
hypothesis (Bonfanti, 2011).

Contemporary attempts to utilize 
the potential benefits of NGF have 
been severely hampered due to the 
neurotrophic peptides structure. 
Unfortunately, when systemically 
administered NGF is unable to cross 
the blood brain barrier (BBB), this has 
caused major issues with furthering 
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treatment protocols (Pan, 1998). There 
have been a number of attempts to 
bypass the BBB with varying degrees of 
success. One of the most promising was 
the application of NGF directly into the 
ventricles of patients with Alzheimer’s 
disease. Improvements in verbal 
episodic memory were noted, however 
cognitive testing did not improve. Most 
worryingly, there were adverse effects 
of this method, including weight loss, 
back pain, and reduced efficacy; this 
was thought to be in relation to the 
method of application (Johnagen, 1998; 
Olsen, 1997). Contemporary work is 
the being pursued with gene therapy 
using genetically engineered fibroblasts 
that secrete NGF which, under clinical 
testing, have been shown to reduce 
cognitive decline with negligible long 
term adverse effects (Tuszynski, 2005; 
Tuszynski, 2004). Lastly, some novel 
methods of application are under 
investigation including intraocular and 
intranasal applications of NGF.

Presenting Lion’s Mane as a potent 
stimulator of NGF across the blood 
brain barrier

We will now begin to explore the 
theoretical and clinical utilization of 
Lion’s Mane as it transmits its effects 
safely across the blood brain barrier to 
stimulate NGF production in a number 
of diverse studies. Hericium erinaceus is 
supplied in a number of safe and non-
invasive ways, most commonly as a dried 
extract capsule or as a tincture. The 
dosage varies from study to study and 
from condition to condition.

Firstly, we previously mentioned that 
four of the 11 hericenones from the 
fruiting body are of note, hericenones 
C,D, E, and H. These particular 
compounds have been shown to increase 
NGF synthesis in mouse astroglial cells 
in significant amounts, with hericenone 
D having similar NGF stimulation 
profile as the potent molecule used 
as a control: epinephrine. In the same 
study, they examined the ability of 
erinacines to stimulate NGF in a similar 
way, and interestingly they found that 
erinacine E and F had an even more 
potent stimulatory effect on NGF than 
epinephrine (Kawagishi, 1991). The 
potency of erinacines to stimulate NGF 
has been corroborated by the application 
of erinacine A in rats, which increased 
the levels of NGF in the hippocampus 

and locus corrolus significantly (Shimbo, 
2005). The importance of these two areas 
with regard to NGF and neurogenesis 
has already been explained. Mori et 
al. (2009) did a further study on four 
mushrooms including H. erinaceus, 
this time confirming the stimulatory 
effects of that mushroom on human 
astrocytoma cell line 1321N1. It is 
therefore suggested that to reap the 
full benefits of NGF stimulation, any 
intervention should contain both the 
fruiting body and the mycelium. There 
is some dispute involving the potency of 
the hericenones compared to erinacines; 
this was highlighted by Mori (2008) who 
found that application of hericenones (C, 
D, and E, but interestingly not H) did not 
increase NGF mRNA expression.

Considering the protective function of 
NGF on the CNS, and the ability of H. 
erinaceus to stimulate NGF particularly 
with regard to the hippocampus, the 
next studies will be cognitive decline 
with relation to memory. Alzheimer’s 
disease is a neurodegenerative 
disease characterized by progressive 
and often debilitating symptoms of 
confusion memory loss and profound 
behavioral changes most commonly 
occurring in the over 65s age group 
and having a severe impact on quality 
of life. Idiosyncratic and progressive 
biochemical sequalae occur including 
deficiency of neurotransmitters, 
reduction in function/death of neural 
cells and reduction of adult neurogenesis 
in the hippocampus (Crews, 2010). Two 
of the most prominent and obvious 
changes are the tangles of tau and beta 
amyloid plaques, from the previous 
statement we know there are in vitro 
studies that have shown NGF to have a 
protective effect against the formation 
of these two processes, this leads us 
to the work of Tzeng (2016). Tzeng 
used 5 month-old female APPswe/
PS1dE9 transgenic mice and gave 
them an oral solution of Erinacine A 
enriched Hericium erinaceus 300mg/kg 
for 30 days. The author found that the 
solution was able to eliminate amyloid 
plaque burden, preventing recruitment 
and activation of plaque associated 
microglia and astrocytes. It improved 
the NGF/Pro NGF ratio as well as 
increased the proliferation of neuron 
progenitors and newly born neurons in 
the dentate gyrus.

Nagai (2006) has investigated the 

correlation between ER stress, neuronal 
cell death, and the formation of amyloid 
ß peptide. He found that a substance 
Dilinoleoyl-phosphatidylethanolamine 
(DLPE) isolated from H. erinaceus was 
able to reduce ER stress and ß amyloid 
toxicity. Further study is needed to 
draw conclusions about this pathway 
in humans and its relevance to the 
biochemical pathways in Alzheimer’s.

Two studies of interest have 
investigated the use of H. erinaceus 
on mild cognitive impairment. Mild 
cognitive impairment is experienced by 
15–20% of over 65s and is defined as 
cognitive changes that are noticeable 
but not severe enough to have an 
impact on the individual’s ability to live 
autonomously. The prolific researcher 
on this subject, Mori (2009) found 
Lion’s Mane had a significantly positive 
effect on mild cognitive impairment in 
a double-blind placebo control study on 
50- to 80-year-olds. These findings were 
corroborated by Saitsu et al. (2019) who 
performed a randomized, double-blind, 
placebo-controlled RCT on 34 otherwise 
healthy participants over 50 years old. 
They used a number of metrics including 
the mini mental state exam (MMSE), 
the Benton visual retention test, and 
the standard verbal paired-associate 
learning test to measure cognitive 
function. Saitsu et al. found a significant 
improvement in the MMSE as well as 
a prevention in the deterioration of 
short term memory and this led him to 
conclude that H. erinaceus may help with 
the regeneration of neural networks in 
the adult brain. This study parallels our 
previous assumptions about the effects 
of NGF on the adult hippocampus.

Depression is a large amorphous 
clinical condition with multiple 
etiologies, both physiological and 
psychological. The exploration of the 
pathological and clinical intricacies 
related to depression is far beyond the 
scope of this paper, however a quick 
glance through the relevant research 
will further corroborate our neurogenic 
and pro-neuroplastic hypothesis of H. 
erinaceus. One neuroanatomic feature 
of depression which mirrors Alzheimer’s 
is a reduced hippocampal volume 
(Czéh, 2007). As this has been a target 
which has functionally improved with 
treatment targeted at NGF production 
in other clinical entities, would it be 
hypothetically possible to have a similar 
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effect on depressive symptoms? This is 
exactly what three of the clinical studies 
have set out to explore. Firstly, Nagano 
(2010) conducted a randomized, double- 
blind, placebo-controlled trial across 
four weeks with 30 females in their 40s. 
The treatment group took a total 2g of 
Lion’s Mane (fruiting body only) in a 
series of four cookies. It is interesting 
that no mycelium was used in this study 
to utilize more of the potent erinacines. 
Nagano (2010) used four psychometric 
tests to measure menopausal, depressive, 
sleep related and ambiguous symptoms. 
In this small-scale study, using only 
female participants of a certain age 
range, it was found that H. erinaceus 
had a positive effect—not just on 
anxiety and depression, but also 
palpitations, which led the author to 
suggest a possible interaction with the 
autonomic nervous system.

Following this, a study by Vigna 
(2019) conducted a study on 77 obese 
participants, who were assigned a 
low-calorie diet, with or without H. 
erinaceus. The hypothesis was based 
around the neurological and biochemical 
effects of a high fat, high calorie diet 
and its known effects of systemic 
inflammation and concomitant low 
circulating BDNF levels. BDNF is a 
neurotropic peptide similar in nature to 
NGF, which has an proposed analogous 
role in neuroplasticity. Vigna (2019) 
found that Lion’s Mane supplementation 
improved depressive-anxious type 
behavior as well as sleep quality. This 
benefit was maintained eight weeks after 
cessation of H. erinaceus, leading the 
author to speculate on the neuroplastic 
effects of Lion’s Mane and how they 
can be maintained long term. This 
neuroplastic effect and how it can 
create a lasting change in behavior has 
been discussed at length in previous 
paragraphs and strongly corroborates 
the authors viewpoint.

With relation to studies on mood 
disorders, Okamura (2015) conducted 
a small study on eight female students 
and found an increase in salivatory 
MHPG post-wakening, as well as a 
reported reduction in anxious feelings. 
From this small study it is hard to 
draw any conclusions, but certainly 
worth mentioning for future research. 
Although there is a general paucity 
of research with H. erinaceus and 

depression, it is an area with legitimate 
biochemical interest. Hopefully, in 
the future this interesting mushroom 
may well have utility with regard to 
neuroplastic change, neurogenesis and 
sleep quality.

Lastly, it is prudent to suggest some 
areas of interest that have not been 
looked at with regard to Lion’s Mane 
supplementation for future investigation. 
First and foremost, with NGF’s role as 
a neuroprotective peptide, I would like 
to draw your attention towards two 
studies previously mentioned on TBI in 
children/infants. In these studies, NGF 
was given directly into the ventricles of 
children with hypoxic brain injury. The 
treatment was given in one study 30 
days post-TBI, and in a second study, 
four months post-TBI. These dates, 
considering the rapid changes in the 
brain post injury, seem relatively delayed, 
as well as the aggressive intervention 
of injecting the NGF in the ventricles. 
Both studies, however, found a benefit 
in the measured biochemical markers, 
and concluded a possible protective 
effect of NGF supplementation on 
hypoxic brain injury (Chiaretti, 2008; 
Chiaetti, 2005). Although the ethics of 
conducting a study on H. erinaceus and 
TBI in children may be troublesome 
and costly, an area such as recovery 
from sport-related concussion could 
be a fruitful area to conduct future 
research. Participants would be easy to 
come by with university sports teams, 
but one difficulty could be the variable 
nature of concussions symptoms and 
its variable recovery pattern. However, 
psychometric outcome measures such 
as the SCAT5 coupled with vestibulo-
occular testing and balance assessments 
would be a good place to start to gather 
quantitative data. Another viable 
research area could be the use of Lion’s 
Mane on post ischemic stroke patients. 
Hericium erinaceus could be used 
in order to promote neuroplasticity 
through NGF and BDNF stimulation 
causing advantageous rerouting of 
neurological pathways and increased 
ability to adapt to the pathological loss of 
function. This has already been tested on 
rats by Lee et al. in 2014, who found that 
the application of erinacine A to post-
ischemic stroke rats had a reduction on 
infarcted area by 22–44%, depending 
on dosage, proving the neuroprotective 

effects of erinacines on cell death.

Conclusions
Hericium erinaceus has a number 

of uses in the CNS which seem to run 
in close parallel but not in limitation 
to the effects of NGF. In this author’s 
opinion, Lion’s Mane mushroom should 
be used with both the mycelium and 
the fruiting body in order to make use 
of the potency of the erinacines and 
their strong stimulatory effects. The 
hypothesis of H. erinaceus acting as 
a centrally acting pro-NGF mediator 
leading to increased neuroplastic ability 
as well as reducing neuronal apoptosis 
through neuroprotective means, 
seems to be corroborated by a number 
of different and separate thought 
processes and clinical studies. Although 
numerous studies have been undertaken, 
the number of participants and the 
population bias means that large scale 
extrapolation is not advisable as of yet. 
However, Lion’s Mane’s diverse effects 
are exciting for future research.
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