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Abstract. Hericium erinaceus is traditionally consumed for its health-promoting properties and has
become a well-known candidate for promoting beneficial activities related to brain and nerve health
by inducing nerve growth factor from its bioactive components; this literature review will focus on
the compounds erinacins and hericenones and their influence on neurodegenerative diseases.
Objective This study aims to discuss the health-promoting properties of Hericium erinaceus and to
understand how its components—erinacin A and hericinones C and D—work to help prevent or treat
humans with neurological diseases. Method An integrative review was conduced in two academic
databases (PubMed and Google Scholar). Results Two literature review studies and eight
experimental research studies were selected and presented. Conclusion The compounds erinacin A
and hericinones C and D from Hericium erinaceus have demonstrated significant potential in
mitigating the impacts of neurodegenerative diseases, underscoring the imperative for more
extensive and in-depth research to validate these findings and explore their therapeutic applications
in clinical settings.

Keywords. hericium erinaceus, neurodegenerative diseases, neurite outgrowth activity, hericenone,
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1. Introduction

Since ancient times, mushrooms have been used for their medicinal properties. They were widely used in the
East, as discussed by the alchemist Tao Hongjing, who documented some medicinal mushrooms, including
Dendropolyporus umbellatus (zhu ling) and Ganoderma lucidum (ling zhi), which were already used to treat infections.
Due to the culture spread over millennia, H. erinaceus is traditionally used mainly for its gastrointestinal properties, as a
preventive or curative supplement for chronic gastrointestinal diseases such as Crohn's disease in China. In Japan, the
traditional use of the Lion's Mane mushroom is more related to its well-known neuroprotective properties for the
central nervous system [1].

Notwithstanding this, the enigma of mushrooms is still present today because, despite their use in various
cultures since ancient times, it is only recently that the modern medical field has begun to explore their potential.
Mushrooms have evolved a wide range of chemical compounds as a means of survival against predators and nature
itself, and these compounds show promise for the treatment of a variety of human conditions. [1].

As in the case of Hericium erinaceus, whose health-promoting properties have been reported in the body of the
fruit, the mycelia, and bioactive compounds include antibiotics, anticarcinogens, cardioprotectors, nephroprotectors,
and neuroprotectors, as well as the improvement of anxiety, cognitive function, and depression. It is also described as an
immunostimulant, antioxidant, and anti-inflammatory [2].

Some compounds isolated from this mushroom that induce the expression of neurotrophic factors, such as
nerve growth factors (NGF) synthesis in cultured astrocytes, have been intensively studied and reported. Hericenones
were found specifically in the fruiting bodies, while erinacins were extracted from the mushroom's mycelia [3, 4, 5, 6, 7].
The erinacins were extracted from the cultivated mycelia of H. erinaceus and were determined to be one of the
diterpenoids. Hericenones were isolated from the fruiting bodies of H. erinaceus, and their molecular formula was
identified as C3H407 [8].

In addition, studies carried out on whole brain and cell cultures have shown that NGF affects the viability of
cholinergic neurons and the level of activity of choline acetyltransferase and acetylcholinesterase in the central nervous
system, thus suggesting that the effects of H. erinaceus could be analyzed in cholinergic neurons [9, 10, 11].

However, despite the clinical importance of H. erinaceus, there are few studies elucidating the plant's other
effects on brain function and the autonomic nervous system. This study investigated the clinical effects of erinacin A and
hericenones C and D from H. erinaceus on neurodegenerative diseases.
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2. Methodology

To conduct this literature review, Google Scholar and PubMed search tools were utilized to select
peer-reviewed studies. Included in the review were studies that address the potential therapeutic benefits and
medicinal properties of Hericium erinaceus, focus on its bioactive compounds, hericenones C and D, and erinacin A,
discuss their implications in neurodegenerative diseases, were published after the year 2014 (Table 1).

The choice of paper is illustrated in the following flowchart.

Search in PubMed and Google Scholar using the words
"hericium erinaceus" "neurodegenerative diseases"
"neurite outgrowth activity" "hericenones C" "erinacine

A" with some Boolean operators such as "and" and "or".

After this first search, were found 30 papers that
matched the search.

Those that dealt with other types of
mushrooms or bioactives were
excluded.

(N=11)

The effects on neurodegenerative
diseases that were not investigated
were excluded.

N=7)

Articles removed due to conflicts of
interest on the part of the authors

were excluded.
(N=2)

By the end of the refining, there were 10 papers which satisfy the previously stablished criteria

3. Results
Table 1 - Results from the bibliography survey
Y f
Title Author (s) eallr 0, Purpose Conclusion
publishing
Although it is challenging to
t late in vi tudies t
The main objective is to e>'( .rapo.a y 1r'1 VIve st 1.es' °
. . clinical situations, pre-clinical
discuss and review the .
. . . i studies have shown that there
Neurohealth Propertie| LilC, Lee LY, Neuroprotective properties micht be
s of Tzeng TT, Chen of H. erinaceus mycelia im rovementsgin conditions such
Hericium erinaceus My| WP, Chen YP, 2018 enriched with erinacines, as P
. . . . as stroke,
celia Enriched with Shiao Y], Chen

well as their safety and
therapeutic potential in
various neurological
conditions.

Erinacines. [12] cC

Parkinson's disease, Alzheimer's
disease, and depression if H.
erinaceus mycelia enriched with
erinacines are included in daily
meals.




Roda E, Priori EC,
Ratto D, De Luca

The study investigated the
effects of oral

Hericium erinaceus
demonstrated neuroprotective
properties, aiding in the
partial recovery of age-related

N tecti
edropro _ec ve E, Di Iorio C, supplementation with decline in locomotor performances
Metabolites of . . )
Hericium Angelone P, standardized extracts of and improving cerebellar
. Locatelli CA, 2021 Hericium erinaceus in frail alterations. It also reduced
erinaceus Promote . . . . . I
. Desiderio A, elderly rats, focusing on its| inflammation and oxidative stress
Neuro-Healthy Aging . . ) ) . .
[13] Goppa L, Savino ability to reverse locomotor| in frail rats, enhancing longevity
E, Bottone MG, frailty and aging-associated and neuroprotection. Thus, it
Rossi P. cerebellar alterations. emerges as a promising
supplementary therapy alongside
conventional geriatric treatments.
Erinacine A . . To study the effects of | The findings obtained in this in vivo
. . Tsai-Teng T, Chin-| . ] . .
enriched Hericium Chu C. Li-Ya L Hericium erinaceus mycelia experimental study suggest a
erinaceus mycelium Wan ,Pin C ’ enriched with therapeutic potential of HE-My and
ameliorates Chun Kufn ’ L erinacin A (HE-My) and its HE-Et on Alzheimer’s disease,
Alzheimer's . & Bl 2016 ethanol extracts (HE-Et) on| indicating the possibility for the
. Chien-Chang S, . . .
diseaserelated o pathological changes in the| future development of therapeutic
. Chi-Ying HF, ) )
pathologies Chien-Chih C APPswe/PS1dE9 transgenid drugs based on the effective
in APPswe/PS1dE9 ) ’ mouse model of components of HE-My and HE-Et to
. Shiao Y]. . g . S
transgenic mice. [15] Alzheimer's disease. treat Alzheimer’s disease.
HE supplementation has been
. shown to attenuate stress-induced
Erinacine A- . . I
. . The aim of study was to behavioral changes, exhibiting
Enriched Hericium . . . -
erinaceus Mvcelium analise the antidepressant- antidepressant effects. This is
Pro duc};s Chiu CH, Chyau like effects of ethanolic attributed to the restoration of
Antid t-Lik CC, Chen CC, Lee extract of Hericium |neurotransmitters, the reduction of
ntidepressant-Like
Eff lz th h , Chen WP, Liu JL, 2018 erinaceus (HE) mycelium | inflammation and the modulation
ects throu
. & Lin WH, Mong enriched in erinacine A on of key
Modulating ) . : .
MC. depressive mice with neurological pathways (the
BDNF/PI3K/Akt/GS . .
) o ) repeated restraint stress |PI3K/Akt/GSK3p pathway), leading
K-3p Signaling in Mice. . . .
[14] (RS). to an increase in BDNF expression,
suggesting that HE is a potent
alternative therapy for depression.
Th.e stud.y alm(;d to Erinacine A effectively preserved
. . 1nvest1ga.1te the the GLT-1 and glutamate clearance
Erinacine A attenuates neuroprotective effect of . . .
lutamate transporter erinacine A (EA), an active machinery, offering protection
& 1 Hsu PC, Lan Y], ¢ fI:I o against excitotoxicity following
. Chen CC, Lee LY, component ot Hertcium ischemic brain injury. The study
downregulation and 2022 erinaceus (HE), with a

protects against
ischemic brain injury.
(18]

Chen WP, Wang
YC, Lee YH.

specific focus on the
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suggests that Erinacine A is
beneficial in maintaining
glutamate homeostasis, which is
crucial for neuronal survival,
especially after brain injury.




Hericium erinaceus
Improves
Recognition Memory
and Induces
Hippocampal and
Cerebellar
Neurogenesis in
Frail Mice during
Aging. [17]

Ratto D, Corana F,
Mannucci B,
Priori EC, Cobelli
F, Roda E, Ferrari
B, Occhinegro A,
Di Iorio C, De
Luca F, Cesaroni
V, Girometta C,
Bottone MG,
Savino E,
Kawagishi H,
Rossi P.

2019

[he objective of the study wag
to investigate the potential
benefits of
Hericium erinaceus
supplementation in
improving recognition
memory and inducing
neurogenesis in frail mice
during aging, focusing on
its standardized amounts of
erinacine A and hericenones
CandD.

The study concluded that
two-month oral supplementation
with H. erinaceus reversed the
age-related decline of recognition
memory in mice. It supported a
positive effect of H. erinaceus on
neurogenesis in frail mice, as
evidenced by proliferating cell
nuclear antigen (PCNA) and
doublecortin (DCX)
immunohistochemistry in the
hippocampus and cerebellum. The
results suggest that H. erinaceus
could potentially serve as a
therapeutic agent for age-related
cognitive decline and
neurodegenerative diseases.

Post-Treatment with
Erinacine A, a
Derived Diterpenoid off
H. erinaceus,
Attenuates
Neurotoxicity in
MPTP Model of
Parkinson's Disease.
[16]

Lee KFE Tung SY,
Teng CC, Shen

CH, Hsieh MC,

Huang CY, Lee

KC, Lee LY, Chen
WP, Chen CC,

Huang WS, Kuo

HC.

2020

It was investigated whether
post-treatment with
Erinacin A would be able to
attenuate the neurotoxicity
induced by
1-methyl-4phenyl-1,2,3,6-
tetrahydropyridine (MPTP),
exploring the underlying
molecular mechanisms and
evaluating the potential cell
signaling pathways
involved in neuroprotection.

Erinacine A was found to attenuate
cytotoxicity in neuronal cells and
ROS production both in vitro and

in vivo. The compound acted by
upregulating neuronal survival
pathways and reducing the
expression of molecules associated|
with cell death. The results suggest
that Erinacine A may offer
protection against neurotoxicity
through the modulation of cellular
signaling pathways related to
neuronal survival and death,
representing a potential
therapeutic agent for
neurodegenerative diseases such
as Parkinson's disease.

Protective effects of
Hericium erinaceus
mycelium and its
isolated erinacine A
against ischemia
injury-induced
neuronal cell death
via the inhibition of
iNOS/p38 MAPK and
nitrotyrosine. [19]

Lee KF, Chen JH,
Teng CC, Shen
CH, Hsieh MC, Lu
CC, Lee KC, Lee LY,
Chen WP,
Chen CC, Huang
WS, Kuo HC.

2014

To investigate the
antiinflammatory and
neuroprotective effects of
H. erinaceus mycelium and
erinacine A in a model of
global ischemic stroke.

H. erinaceus mycelium and its
isolated compound, erinacine A,
exhibited significant
neuroprotective effects against
ischemiareperfusion brain
injuries, reducing inflammation
and infarcted volumes in the brain.
Erinacine A modulated the
expression of proteins involved in
inflammation and ischemia injury,
suggesting its potential as a
therapeutic agent for ischemic
stroke.
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LiIC, Chang HH,

The objective of this study
was to investigate the
efficacy and safety of three

After 49 weeks of intervention
with EAHE, subjects with mild
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functions and contrast sensitivity.
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Neurons against
Inflammatory Factor-
Induced Cell Death In
Vitro and In Vivo. [21]

CC, Wu TY, Chin
TY.
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. . o - Instrumental Activities of Daily
Pilot Double-Blind |Chen YP, Chen CC, A active ingredient) per day . .
. . i . . Living score in the EAHE group
Placebo-Controlled Lin DP. in treating patients with
Study. [20] mild Alzheimer’s Disease compared to the placebo group.
udy. VA
4 (AD) The findings endorse EAHE's
' potential in alleviating
neurodegenerative disorders,
especially Alzheimer's Disease.
Erinacine A (EA) exhibited notabl
The study aimed to explore r1nac1lne (, ) exhibited notable
) antineuroinflammatory and
the anti- tective properties. In
Erinacine A Prevents -neuroinflammatory and r.1europro ec prop o
. . . vitro, EA mitigated LPS-induced
LipopolysaccharideMe neuroprotective effects of | . .
. . L inflammatory expressions and
diated Glial Cell Erinacine A (EA) from . ; .
L Lee SL, Hsu JY, . . productions in cells. In vivo, EA
Activation to Protect Chen TC. H Hericium erinaceus (HE) on dHEM i d mot
en TC, Huan . . an improved motor
Dopaminergic 8 2022 LPS-induced glial cell P

activation and neural
damage, focusing on its
potential implications in
neurodegenerative diseases
like Parkinson’s disease
(PD).

dysfunction and decreased
proinflammatory mediators in
rats. These findings suggest EA's
potential benefits in
neurodegenerative diseases like
Parkinson’s due to its ability to
ameliorate neuroinflammation.

4. Discussion

The exploration of Erinacine A and Hericinones C and D from Hericium erinaceus in the context of
neurodegenerative diseases has unveiled a plethora of potential therapeutic applications. This literature review has
synthesized the existing knowledge, emphasizing the multifaceted roles of these compounds in promoting neurohealth.

4.1 Neuroprotective Properties:

The studies included in this review consistently highlighted the neuroprotective properties of Erinacine A and

Hericinones C and D. These compounds have demonstrated significant potential in attenuating neurotoxicity, reducing
inflammation, and modulating cellular signaling pathways related to neuronal survival and death. The neuroprotective
role of these compounds is crucial in the context of neurodegenerative diseases, where neuronal damage is a
predominant feature.

4.2 Impact on Neurodegenerative Diseases:

The potential of these compounds in mitigating the progression of various neurodegenerative diseases such as
Alzheimer's and Parkinson's disease is noteworthy. The studies reviewed have shown promising results in improving
cognitive functions, reducing the burden of amyloid-beta plaques, and promoting neurogenesis, which are pivotal in
combating neurodegenerative diseases.

4.3 Mechanism of Action:

The mechanism through which these compounds exert their effects is multifaceted, involving the modulation of
neuroinflammatory responses, enhancement of neurotrophic factors, and regulation of oxidative stress. Understanding
the intricate mechanisms of action is paramount for optimizing the therapeutic application of these compounds.



4.4 Clinical Implications:

The clinical implications of the findings from the reviewed studies are substantial. The potential of Erinacine A
and Hericinones C and D to serve as adjuvant therapies in conjunction with conventional treatments could revolutionize
the management of neurodegenerative diseases. However, the translation of these findings to clinical practice
necessitates further research, including well-designed clinical trials to validate the efficacy and safety of these
compounds in humans.

4.5 Limitations and Future Directions:

While the reviewed studies provide valuable insights, it is crucial to acknowledge the limitations inherent in
the existing literature, such as the variability in study designs, sample sizes, and methodologies. Future research should
aim to address these limitations by conducting rigorous and standardized studies to corroborate the findings.
Additionally, exploring the synergistic effects of these compounds with other bioactive components and their
bioavailability will be instrumental in maximizing their therapeutic potential.

5. Conclusion

In conclusion, Erinacine A and Hericinones C and D from Hericium erinaceus have emerged as promising
candidates for the development of novel therapeutic strategies for neurodegenerative diseases. The evidence
synthesized in this review underscores their potential in neuroprotection, modulation of neuroinflammatory responses,
and enhancement of cognitive functions. However, the realization of their therapeutic potential necessitates further
research to elucidate the underlying mechanisms, optimize the delivery methods, and validate their efficacy in clinical
settings. The advancements in this field hold the promise of paving the way for innovative interventions to alleviate the
burden of neurodegenerative diseases.

6. References

[1] Stamets P, Zwickey H. Medicinal Mushrooms: Ancient Remedies Meet Modern Science. Integr Med (Encinitas).
2014 Feb;13(1):46-7. PMID: 26770081; PMCID: PMC4684114.

[2] Friedman M. Chemistry, Nutrition, and Health-Promoting Properties of Hericium erinaceus (Lion's Mane)
Mushroom Fruiting Bodies and Mycelia and Their Bioactive Compounds. ] Agric Food Chem. 2015 Aug
19;63(32):7108-23. doi: 10.1021/acs.jafc.5b02914. Epub 2015 Aug 5. PMID: 26244378.

[3] Kawagishi H., Ando M., Sakamoto H., et al. Hericenones C, D and E, stimulators of nerve growth factor
(NGF)-synthesis, from the mushroom Hericium erinaceum. Tetrahedron Letters. 1991;32(35):4561-4564. doi:
10.1016/0040-4039(91)80039-9.

[4] Kawagishi H., Shimada A., Shirai R,, et al. Erinacines A, B and C, strong stimulators of nerve growth factor
(NGF)-synthesis, from the mycelia of Hericium erinaceum. Tetrahedron Letters.
1994;35(10):1569-1572.d0i:10.1016,/S0040-4039(00)76760-8

[5] Kawagishi H. Simada A. Shizuki K., et al. Erinacine D, a stimulator of NGF-synthesis, from the mycelia of
Hericium erinaceum. Heterocyclic Communications. 1996;2(1) doi: 10.1515/HC.1996.2.1.51

[6] Lee E. W, Shizuki K., Hosokawa S., et al. Two novel diterpenoids, erinacines H and I from the mycelia of
Hericium erinaceum. Bioscience, Biotechnology, and Biochemistry. 2000;64(11):2402-2405. doi: 10.1271/bbb.64.2402.

[7] Kawagishi H, Ando M and Mizuno T (1990) Hericenone A and B as cytotoxic principles from the mushroom
Hericium erinaceum. Tetrahedron Lett 31, 373-37.

[8] Mayumi Nagano, Kuniyoshi Shimizu, Ryuichiro Kondo, Chickako Hayashi, Daigo Sato, Katsuyuki Kitagawa,
Koichiro Ohnuki, Reduction of depression and anxiety by 4 weeks Hericium erinaceus intake, Biomedical Research, 2010,
Volume 31, Issue 4, Pages 231-237, Released on J-STAGE September 08, 2010, Online ISSN 1880-313.

[9] Gnahn H, Hefti F Heumann R, Schwab M E and Thoenen H (1983) NGF-mediated increase of choline
acetyltransferase (CHAT) in the neonatal rat forebrain: evidence for a physiological role of NGF in the brain? Brain Res
285, 45-52.


https://jlc.jst.go.jp/DN/JALC/00000770880?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00000770880?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00355757123?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00355757123?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00355757123?type=list&lang=en&from=J-STAGE&dispptn=1

[10] Hefti F (1986) Nerve growth factor promotes survival of septal cholinergic neurons after fimbrial transections.
] Neurosci 6, 2155-2162.

[11] Hefti F, Hartikka ] and Knusel B (1989) Function of neurotrophic factors in the adult and aging brain and their
possible use in the treatment of neurodegenerative diseases. Neurobiol Aging 10, 515-533.

[12] Li IC, Lee LY, Tzeng TT, Chen WP, Chen YP, Shiao Y], Chen CC. Neurohealth Properties of Hericium erinaceus
Myecelia Enriched with Erinacines. Behav Neurol. 2018 May 21;2018:5802634. doi: 10.1155/2018/5802634. PMID:
29951133; PMCID: PM(C5987239.

[13] Roda E, Priori EC, Ratto D, De Luca F, Di lorio C, Angelone P, Locatelli CA, Desiderio A, Goppa L, Savino E,
Bottone MG, Rossi P. Neuroprotective Metabolites of Hericium erinaceus Promote Neuro-Healthy Aging. Int ] Mol Sci.
2021 Jun 15;22(12):6379. doi: 10.3390/ijms22126379. PMID: 34203691; PMCID: PM(C8232141.

[14] Chiu CH, Chyau CC, Chen CC, Lee LY, Chen WP, Liu JL, Lin WH, Mong MC. Erinacine A-Enriched Hericium
erinaceus Mycelium Produces Antidepressant-Like Effects through Modulating BDNF/PI3K/Akt/GSK-3f Signaling in
Mice. Int ] Mol Sci. 2018 Jan 24;19(2):341. doi: 10.3390/ijms19020341. PMID: 29364170; PMCID: PMC5855563.

[15] Tsai-Teng T, Chin-Chu C, Li-Ya L, Wan-Ping C, Chung-Kuang L, Chien-Chang S, Chi-Ying HF, Chien-Chih C, Shiao
Y]. Erinacine A-enriched Hericium erinaceus mycelium ameliorates Alzheimer's disease-related pathologies in
APPswe/PS1dE9 transgenic mice. ] Biomed Sci. 2016 Jun 27;23(1):49. doi: 10.1186/s12929-016-0266-z. PMID:
27350344; PMCID: PM(C4924315.

[16] Lee KF, Tung SY, Teng CC, Shen CH, Hsieh MC, Huang CY, Lee KC, Lee LY, Chen WP, Chen CC, Huang WS, Kuo HC.
Post-Treatment with Erinacine A, a Derived Diterpenoid of H. erinaceus, Attenuates Neurotoxicity in MPTP Model of
Parkinson's Disease. Antioxidants (Basel). 2020 Feb 4;9(2):137. doi: 10.3390/antiox9020137. PMID: 32033220; PMCID:
PMC7070543.

[17] Ratto D, Corana F Mannucci B, Priori EC, Cobelli F, Roda E, Ferrari B, Occhinegro A, Di lorio C, De Luca F,
Cesaroni V, Girometta C, Bottone MG, Savino E, Kawagishi H, Rossi P. Hericium erinaceus Improves Recognition Memory
and Induces Hippocampal and Cerebellar Neurogenesis in Frail Mice during Aging. Nutrients. 2019 Mar 27;11(4):715.
doi: 10.3390/nu11040715. PMID: 30934760; PMCID: PMC6521003.

[18] Hsu PC, Lan Y], Chen CC, Lee LY, Chen WP, Wang YC, Lee YH. Erinacine A attenuates glutamate transporter 1
downregulation and protects against ischemic brain injury. Life Sci. 2022 Oct 1;306:120833. doi:
10.1016/j.1fs.2022.120833. Epub 2022 Jul 23. PMID: 35882273.

[19] Lee KF, Chen JH, Teng CC, Shen CH, Hsieh MC, Lu CC, Lee KC, Lee LY, Chen WP, Chen CC, Huang WS, Kuo HC.
Protective effects of Hericium erinaceus mycelium and its isolated erinacine A against ischemia-injury-induced neuronal
cell death via the inhibition of iNOS/p38 MAPK and nitrotyrosine. Int ] Mol Sci. 2014 Aug 27;15(9):15073-89. doi:
10.3390/ijms150915073. PMID: 25167134; PMCID: PMC4200813.

[20] Li IC, Chang HH, Lin CH, Chen WP, Lu TH, Lee LY, Chen YW, Chen YP, Chen CC, Lin DP. Prevention of Early
Alzheimer's Disease by Erinacine A-Enriched Hericium erinaceus Mycelia Pilot Double-Blind Placebo-Controlled Study.
Front Aging Neurosci. 2020 Jun 3;12:155. doi: 10.3389/fnagi.2020.00155. PMID: 32581767; PMCID: PM(C7283924.

[21] Lee SL, Hsu JY, Chen TC, Huang CC, Wu TY, Chin TY. Erinacine A Prevents Lipopolysaccharide-Mediated Glial
Cell Activation to Protect Dopaminergic Neurons against Inflammatory Factor-Induced Cell Death In Vitro and In Vivo.
Int ] Mol Sci. 2022 Jan 12;23(2):810. doi: 10.3390/ijms23020810. PMID: 35054997; PMCID: PM(C8776144.


https://jlc.jst.go.jp/DN/JALC/00280973223?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00280973223?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00150681357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00150681357?type=list&lang=en&from=J-STAGE&dispptn=1

