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A comment on animal models



Hericium Traditional Use
Fortify the spleen

Nourish the gut, promotes good digestion

gastric and duodenal ulcers, as well as chronic gastritis

Anti-cancer 

Good for the 5 internal organs (liver, lung, spleen, heart, kidney)

general vigor, strength, and nutrition; 
Known for its effects on the central nervous system -

Insomnia Vacuity (weakness) Hypodynamia

Kha MA, Tania M, Liu R, Rahman MM. Hericium erinaceus: an edible mushroom with medicinal values. J Complement Integr
Med. 2013 May 24;10. 

Jiang S, Wang S, Sun Y, Zhang Q. Medicinal properties of Hericium erinaceus and its potential to formulate novel mushroom-based 
pharmaceuticals. Appl Microbiol Biotechnol..2014 Sep;98(18):7661-70

Hobbs Christopher. Medicinal Mushrooms. Botanica Press, Santa Cruz, 3 edition (February 1, 1995)
Jia ju Zhou, Guirong Xie, Xinjian Yan. Encyclopedia of Molecular Structures, Pharmacological Activities, Natural Sources and Applications 

Traditional Chinese Medicines Vol. 5: Isolated Compounds. T-Z Springer-Verlag Berlin Heidelberg 2011
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Chemistry

• High molecular weight compounds, such as polysaccharides

• low molecular weight compounds such as polyketides and 
terpenoids

Kwagishi H, Shimada A, Shirai R, Okamoto K, Ojima F, Sakamoto H, Ishiguro Y, Furukawa S (1994) Erinacines A, B and C strong 
stimulators of nerve growth factor (NGF)-synthesis from the mycelia of Hericium erinaceum. Tetrahedron Lett 35:1569–1572

Shen JW, Yu HY, Ruan Y, Wu TT, Zhao X (2010) Hericenones and erinacines: stimulators of nerve growth factor (NGF) 
biosynthesis in Hericium erinaceus. Mycol Int J Fungal Biol 1:92–98

Mizuno T, Wasa T, Ito H, Suzuki C, Ukai N (1992) Antitumor-active polysaccharides isolated from the fruiting body of 
Hericium erinaceum, an edible and medicinal mushroom called Yamabushitake or Houtou. Biosci Biotechnol Biochem

56:347–348
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Polysaccharides

In cells that were toxic from A, H. erinaceus

polysaccharides decreased the production of ROS from 80% to 
58 % in a dose-dependent manner and increased the efficacy of 

free radical scavenging 

Cheng, J. H., Tsai, C. L., Lien, Y. Y., Lee, M. S., & Sheu, S. C. (2016). High molecular weight of polysaccharides from 
Hericium erinaceus against amyloid beta-induced neurotoxicity. BMC Complement Altern Med, 16, 170. 

Liu, J., Du, C., Wang, Y., & Yu, Z. (2015). Anti-fatigue activities of polysaccharides extracted from Hericium erinaceus. 
Exp Ther Med, 9(2), 483-487. 



Polysaccharides

H. erinaceus polysaccharides promoted cell viability under Aβ-
induced toxic conditions and protected cells against A-induced 

apoptosis  

Cheng, J. H., Tsai, C. L., Lien, Y. Y., Lee, M. S., & Sheu, S. C. (2016). High molecular weight of polysaccharides from 
Hericium erinaceus against amyloid beta-induced neurotoxicity. BMC Complement Altern Med, 16, 170. 

Liu, J., Du, C., Wang, Y., & Yu, Z. (2015). Anti-fatigue activities of polysaccharides extracted from Hericium erinaceus. 
Exp Ther Med, 9(2), 483-487. 



Polysaccharides

H. erinaceus polysaccharides possesses significant anti-fatigue 
activity by decreasing blood lactic acid, serum urea nitrogen, 

tissue glycogen and malondialdehyde

Cheng, J. H., Tsai, C. L., Lien, Y. Y., Lee, M. S., & Sheu, S. C. (2016). High molecular weight of polysaccharides from 
Hericium erinaceus against amyloid beta-induced neurotoxicity. BMC Complement Altern Med, 16, 170. 

Liu, J., Du, C., Wang, Y., & Yu, Z. (2015). Anti-fatigue activities of polysaccharides extracted from Hericium erinaceus. 
Exp Ther Med, 9(2), 483-487. 



Polysaccharides

A purified polysaccharide from the liquid culture broth of H. 
erinaceus mycelia was also found to provide neuroprotective 

activity through a dramatic delay of apoptosis (20 – 50% 
compared to control)

Park, Y. S., Lee, H. S., Won, M. H., Lee, J. H., Lee, S. Y., & Lee, H. Y. (2002). Effect of an exo-polysaccharide from the culture 
broth of Hericium erinaceus on enhancement of growth and differentiation of rat adrenal nerve cells. Cytotechnology, 

39(3), 155-162.



Polysaccharides

Mycelia more effective than control, NFG or BDNF alone in 
enhancing the growth of rat adrenal nerve cells and neurite

extension

Park, Y. S., Lee, H. S., Won, M. H., Lee, J. H., Lee, S. Y., & Lee, H. Y. (2002). Effect of an exo-polysaccharide from the culture 
broth of Hericium erinaceus on enhancement of growth and differentiation of rat adrenal nerve cells. Cytotechnology, 

39(3), 155-162.



Terpenoids

• Two classes of terpenoid compounds, 

• Hericenones

• Erinacines

• Along with aromatic compounds have been found to 

stimulate nerve growth factor (NGF) synthesis

Wang, K., Bao, L., Qi, Q., Zhao, F., Ma, K., Pei, Y., & Liu, H. (2015). Erinacerins C-L, isoindolin-1-ones with alpha-glucosidase
inhibitory activity from cultures of the medicinal mushroom Hericium erinaceus. J Nat Prod, 78(1), 146-154. 



Hericenones and Erinacines

Both the mycelia (erinacines A-I) and the fruiting bodies 

(hericenone C-H) are compounds of interest in bioactive 

extracts

Easily cross the blood brain barrier

Wang, K., Bao, L., Qi, Q., Zhao, F., Ma, K., Pei, Y., & Liu, H. (2015). Erinacerins C-L, isoindolin-1-ones with alpha-glucosidase
inhibitory activity from cultures of the medicinal mushroom Hericium erinaceus. J Nat Prod, 78(1), 146-154. 



Hericenones and Erinacines

Neurotrophic activities

neurite outgrowth stimulation and induced NGF synthesis

Moldavan MG, Gryganski AP, Kolotushkina OV, Kirchhoff B, Skibo GG, Pedarzani P (2007) Neurotropic and trophic 
action of lion's mane mushroom Hericium erinaceus (Bull.: Fr.) Pers.(Aphyllophoromycetideae) extracts on nerve 

cells in vitro. Int J Med Mushrooms 9:15–28



Erinacines

Erinacines A, B, C, D, E, F, G, H, and I showed a stronger 

biological activity that stimulates NGF synthesis than epinephrine 

(positive control) on murine astroglial cells

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



Erinacine A

Isolated from the cultured mycelia of H. 

erinaceus may act as an anti-

inflammatory agent to bring about 

neuroprotection as well as  contain 

potent nerve growth enhancing 

properties

18

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



Erinacine A

Significantly increased the 

level of NGF in the locus 

coeruleus and 

hippocampus, but not in 

the cerebral cortex

19

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



Erinacine A

H. erinaceus mycelium has shown reduction of infarct volumes in global 

ischemic stroke by 22% at 50 mg/kg and 44% at concentrations of 300 

mg/kg as compared to a control group
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Erinacine C 

Strongest inducing effect on NGF 

synthesis, indicating a high potential 

to treat nervous diseases such as 

Alzheimer’s disease

23

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



Erinacine P

Erinacine P, a cyathane-xyloside, and 

its biomimetic conversions into 

erinacine A and erinacine B was also 

found to induce NGF synthesis

24

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



Erinacine Q

Erinacine Q give rise to  cyatha-3,12-

dien- 14-β-ol named erinacol and 11-

O-acetylcyathin A3 are reported to 

have NGF-enhancing activities

25

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



Hericenone E

Hericenone E was able to stimulate 

NGF secretion that was two-fold higher 

than that of the positive control (50 

ng/mL of NGF)

26

Thongbai, B , Rapior S, Hyde KD, Wittstein K, Stadler M. (2015), Hericium erinaceus, an amazing medicinal 
mushroom, Mycol Progress 14:91    



3-Hydroxyhericenone F

Inhibits -site Amyloid Precursor 
Protein-Cleaving Enzyme 1 

(BACE1)

27
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Thinking Globally



Several investigations have examined the effects of 
environmental exposures and epigenetic markers, 
and identified toxicants that modify epigenetic states

available evidence supports the concept that 
epigenetics can predict health-related risks due to 

conditions of environmental exposure and individual 
susceptibility



Epigenetic Modifications Induced by POPs
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Higher cumulative anticholinergic medication use is 

associated with an increased risk for dementia 



Mitochondrial Damaging Medications

Mitochondrial toxicity testing is still not required by the US FDA for 
drug approval

Dykens, J. A., Will, Y., The significance of mitochondrial toxicity testing in drug development. Drug Discov Today 
2007, 12, 777–785.
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Neurotrophic Activity and Myelination
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Induced phosphorylation of c-Jun

increased c-Fos expression

Induced phosphorylation of c-Jun

increased c-Fos expression

An ethanol extract of H. erinaceus 

fruiting body demonstrated NGF gene 

expression in astrocytoma cells in a 

concentration dependent manner

Secretion of NGF was also enhanced 

by Hericium extracts, and the neurite

outgrowth was improved 



In vivo 5% H. erinaceus fruiting 

body dry powder for 7 days 

showed an increase in the level of 

NGF mRNA expression in the 

hippocampus by activation of the 

JNK pathway 





Aqueous extract of H. erinaceus fruiting body has demonstrated an 

increase in the secretion of extracellular NGF in neurons and neurite

outgrowth activity

A synergistic interaction between H. erinaceus aqueous extract and 

exogenous NGF on the neurite outgrowth stimulation of neurons at 

physiological relevant concentrations was observed



The process of the myelin sheath formation in the presence of H. 

erinaceus extract proceeded at a higher rate and was completed 

by day 26 as compared to controls
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Cognitive Function



50-80 year old Japanese adults diagnosed with mild cognitive 
impairment, 250 mg tablets of dry H. erinaceus powder (TID x 4 

wk) showed marked improvement in revised Hasegawa 
Dementia Scale (HDS-R) as compared to the placebo group
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In wild-type mice, the oral supplementation of H. erinaceus 
induced a significant improvement in recognition memory

In hippocampal slices, an increase in spontaneous and evoked 
excitatory synaptic current in mossy fiber-CA3 synapse shown 

in a behaviour test 
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H. erinaceus prevents the impairment of spatial short-term and 
visual recognition memory
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The morphology of PC12 nerve cells

Control BDNF

NGF HEP
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Alzheimer’s Disease

A living body and an absent mind…the great fear



With the increased lifespan of the world’ s population, it is 
estimated that about 80 million people will suffer from 

dementia by 2040 whereby AD will account for almost 60% of 
dementia cases

Martorana A, Bulati M, Buffa S, Pellicano M, Caruso C, et al. Immunosenescence, inflammation and Alzheimer’s 

disease. Longev Healthspan. 2012;1:8.
49



“A genuinely new Alzheimer’s drug has not been approved since 2003, and 
the currently approved Alzheimer’s medications are ineffective in stopping or 

slowing the course of the disease.”

Alzheimer’s Association

243 of 244 drug failures from 2000 – 2010

FDA
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Physiological Nudges 

• Synaptoblastic Inputs 

• Lipoxins

• Neurotrophic Factors
• NGF
• BDNF

• Glutamate Inhibition

• Antioxidants
• Endogenous
• Exogenous

• Hormesis

53



Chen JX and Yan SD. Amyloid-β-Induced Mitochondrial Dysfunction. J Alzheimers Dis 2007 12(2):177-184.54

Intramitochondrial trafficking of Aβ



In an Alzheimer’s model a 30 day oral administration of H. 
erinaceus mycelium and its ethanol extracts attenuated cerebral 

Aβ plaque burden

The results showed diminished number of plaque-activated 
microglia and astrocytes in cerebral cortex and hippocampus, 
increased ratio of nerve growth factor (NGF) to NGF precursor 
(proNGF), in turn promoting hippocampal neurogenesis after 

the H. erinaceus mycelia administrations
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Administration with H. erinaceus decreased the serum cytokine levels 
(IFN-, IL-1 , IL-17, and TNF- ) and further decreased the 

production of ROS

Molecular docking studies demonstrated 3-Hydroxyhericenone F, 

Hericenone G, Hericenone F, Hericerin, and Hericene B, respectively 
with potential activity against BACE1 inhibition



59

3HF can ameliorate neuronal damage by reversing the decreased 
levels of [Ca2+] and ROS and improve mitochondrial function, via the 

increase in mitochondrial membrane potential and ATP levels of the 

mitochondrial respiratory chain complexes

Decreased expression levels of the AD intracellular markers BACE1, 

p-Tau, and A42



In a model of AD, oral administration of a mixture of H. erinaceus 
fruiting body and mycelium, was given for three months and 

demonstrated up-regulation of lipoxin A4 (LXA4) in the cortex > 
hippocampus > substantia nigra > striatum and cerebellum 
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Lipoxin A4
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Regional distribution of Lipoxin A4 



Lipoxin in Tissues after H. erinaceus Feeding
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In an animal model of AD, H. erinaceus successfully enhanced the 
acetylcholine and choline acetyltransferase concentrations in both the 

serum and the hypothalamus in a dose dependent manner



Attenuation 

of cerebral 

Aβ plaque 

burden Diminished

plaque-activated 

microglia and astrocytes

Increased 

NGF 

mRNA 

expression

Up-regulation of 

liopxin A4 

(LXA4) in brain
Increased Acetylcholine 

(Ach) and choline 

acetyltransferase

(ChAT) concentrations

Alzheimer’s Disease

MOA of H. erinaceus in Alzheimer’s disease
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Down regulation

of 

Tau tangles

Nutrient 

Deficiencies



Nutrients associated with Dementia 

Serum zinc in the normal range may be associated with low 
senile plaque counts in the elderly

Serum zinc levels significantly lower in dementia pts than 
controls who were not demented

Same results for a younger group just starting to show 
dementia signs

Tully CL, Snowdon DA, Markesbery WR. Serum zinc, senile plaques, and neurofibrillary tangles: 

findings from the Nun Study.  Neuroreport. 1995 Nov 13;6(16):2105-8.

Hullin RP. Serum zinc in psychiatric patients. Prog Clin Biol Res 1983 129:197-206.
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In vivo data showed oxidative stress and dopaminergic lesions in the 
striatum and substantia nigra significantly improved after 25 days of 

oral treatment with H. ericanceus mycelia at low doses (10.76 or 21.52 
mg/d). 

Consistent with cell culture results, MPTP protection by HEM and 
erinacine A treatment appeared to be due to a significant reduction of 

Fas expression in the mouse model. 



Peripheral Nerve Injury

69



Aqueous extract of HEFB (pretreatment of 10 mL/kg 1:1 aqueous extract 
x 14 days) improved nerve regeneration and increased the rate of motor 

functional recovery after crush injury. The HEFB animals recovered to 
pre-surgery values 4 to 7 days earlier than animals in the control group as 

assessed by walking track analysis. 

Normal toe spreading, was achieved 5 to 10 days earlier in the aqueous 
extract group than in the control group. HEFB aqueous extract promoted 

peripheral nerve regeneration with significant functional recovery. 



Clinical Trials
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50-80 year old Japanese adults diagnosed with mild cognitive 
impairment, 250 mg tablets of dry H. erinaceus powder (TID x 4 

wk) showed marked improvement in revised Hasegawa 
Dementia Scale (HDS-R) as compared to the placebo group



In a study of questionable quality, HEFB (2.0 g/d in cookies over 4 
weeks) showed a reduction in some symptoms of anxiety and 

depression in menopausal women (n = 30). 

Using the Indefinite Complaints Index categories for palpitation and 
incentive showed a statistically significant improvement compared to 
placebo. For the categories of irritating (p=0.076), anxious (p=0.067) 

and concentration (0.090) there were trends of improvement as 
compared to placebo.



Posology
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Cognition & NGF production

H. erinaceus at doses 3 g (98% H. erinaceus powder) showed 
significant improvement in dementia rating scale in general 

cognitive decline subjects in a clinical trial 

Mori K, et al Improving effects of the mushroom Yamabushitake (Hericium erinaceus) on mild cognitive impairment: a 
double-blind placebo-controlled clinical trial. Phytother Res. (2009)



Cognition & NGF production

3–5  g/day is the recommended daily dosage of dried fruiting body 
of H. erinaceus for increasing NGF production

Chinese pharmacopoeia, 2010. Beijing:Chinese Medicine Science and Technology Publishing House. 



Cognition & NGF production

In a study on anxiety and depression, 2.0 g/d of Hericium fruiting 
body (in cookies) was the dose utilized 

Nagano M, et al. Reduction of depression and anxiety by 4 weeks Hericium erinaceus intake. Biomed Res. (2010)



Safety
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Toxicology

In an in vitro model, HEFB aqueous extract on MRC-5 and 
NG108-15 cell lines showed a remarkable lack of cytotoxicity.  
The IC50 value for MRC cells was 34.095  1.200 mg/mL and 

for NG108-15 cells it was 17.446  1.548 mg/mL

Lai PL, Naidu M, Sabaratnam V, Wong KH, David RP, Kuppusamy UR, Abdullah N, Malek NA. Neurotrophic
properties of the Lion's mane medicinal mushroom, Hericium erinaceus (Higher Basidiomycetes) from 

Malaysia. Int J Med Mushrooms 2013, 15 (6): 539-54.



Toxicology

In an animal model, toxicology studies on H. erinaceus suggest 
that H. erinaceus mycelia, enriched with 5 mg/g erinacine A at

doses up to 5 g/kg bodyweight are safe

Li, I.C., Chen, Y.L., Lee, L.Y., Chen, W.P., Tsai, Y.T., Chen, C.C., Chen, C.S., 2014. Evaluation of the toxicological 
safety of erinacine A-enriched Hericium erinaceusin a 28-day oral feeding study in Sprague-Dawley rats. Food 

Chem. Toxicol. 70, 61-67.



Toxicology

In clinical trials no toxicity has been reported 

Nagano M, Shimizu K, Kondo R, Hayashi C, Sato D, Kitagawa K, Ohnuki K.Reduction of depression and anxiety by 4 
weeks Hericium erinaceus intake. Biomed Res. 2010 Aug;31(4):231-7.

Mori K, Inatomi S, Ouchi K, Azumi Y, Tuchida T. Improving effects of the mushroom Yamabushitake
(Hericium erinaceus) on mild cognitive impairment: a double-blind placebo-controlled clinical trial. Phytother Res. 

2009 Mar;23(3):367-72. 



Reported Adverse Events

In a double-blind, placebo controlled trial on 50-80 year old 

Japanese with H. erinaceus mycelia (250 mg tablets of 96% dry 

powder) for 16 weeks, there was no adverse events reported 

clinically or biochemically in all the study subjects 

Mori K, Inatomi S, Ouchi K, Azumi Y, Tuchida T. Improving effects of the mushroom Yamabushitake
(Hericium erinaceus) on mild cognitive impairment: a double-blind placebo-controlled clinical trial. Phytother Res. 

2009 Mar;23(3):367-72. 



Reported Adverse Events

One study subject in a clinical trial on menopausal depression, 

reported epimenorrhea and discontinued intake of H. erinaceus 

fruiting body cookies

The possibility of H. erinaceus resulting in epimenorrhea in this 

trial could not be conclusive

Nagano M, Shimizu K, Kondo R, Hayashi C, Sato D, Kitagawa K, Ohnuki K.Reduction of depression and anxiety by 4 weeks Hericium erinaceus intake. 
Biomed Res. 2010 Aug;31(4):231-7.



Sensitivities and Allergies

Case report of a 53 y/o male occupationally exposed to H. 

erinaceus fruiting body, after 1 mo developed chronic dermatitis on 

his finger pulp and dorsa of hands, with painful fissures. 

The dermatitis spread to his forearms, face and legs at which point 

exposure discontinued and symptoms resolved

Maes MF, van Baar HM, van Ginkel CJ. Occupational allergic contact dermatitis from the mushroom White Pom Pom
(Hericium erinaceum). Contact Dermatitis 1999 May;40(5):289-90.
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