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Improvement of cognitive functions by oral intake of Hericium erinaceus

1 . 2 .. . . 4 . . 1
Yuusuke Sartsu’, Akemi NisHIDE", Kenji KIKUSHIMA, Kuniyoshi Summizu®, and Koichiro OHNUKI
' Department of Biological and Environmental Chemistry, Kindai University, Japan; > Radiation Effects Association, Japan; * Department

of Optical Imaging, Preeminent Medical Photonics Education & Research Center, Hamamatsu University School of Medicine; and * De-

partment of Agro-environmental Sciences, Faculty of Agriculture, Kyushu University

(Received 1 March 2019; and accepted 19 March 2019)

ABSTRACT

Hericium erinaceus has been recognized as medical mushroom since ancient time, but its scientif-
ic evidence for human health has been still uncertain. In this study, we tested a randomized, dou-
ble-blind, placebo-controlled parallel-group comparative study to evaluate the improvement of the
cognitive functions by taking supplements containing fruiting body of H. erinaceus for 12 weeks.
We performed three kinds of tests: Mini Mental State Examination (MMSE), Benton visual reten-
tion test, and Standard verbal paired-associate learning test (S-PA). MMSE alone showed that oral
intake of H. erinaceus significantly improved cognitive functions and prevented from the deterio-
ration. We speculate that various chemical compounds, including hericenones, in the mushroom
have multiple effects to the brain neural networks and improve cognitive functions. Oral intake of

H. erinaceus is safe and convenient method for dementia prevention so far.

Hericium erinaceus (also called lion’s mane mush-
room, HE) widely distributes in North America, Eu-
rope and Asia. The mushroom has been recognized
as medical mushroom for long years, and especially
popular in the traditional Chinese medicine (15, 27).
Recently, we also found its anti-obesity effect during
menopause (14) and intake of HE altered the behav-
ioral thythm (10) by experiments on mice. Howev-
er, its scientific evidence for human health has been
still uncertain. Previously, we showed that oral in-
take of the mushroom is significantly effective for
the improvements of depression and anxiety (30).
Numerous chemicals regulating biological functions
of human have been found in the mushroom. Espe-
cially, hericenones, abundantly contained in the
fruiting bodies of HE, seem to be important (17-19).
Hericenones activate synthesis of nerve growth fac-
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tor (NGF) in the astrocytes, which is necessary for
the survival of neural cells in the brain (11-13). It
has been widely passed down that taking supple-
ments containing HE is also effective for the im-
provement of cognitive functions, but there has not
been any scientific evidence yet. In this study, we
tested a randomized, double-blind, placebo-controlled
parallel-group comparative study to evaluate the im-
provement of the cognitive functions by taking the
supplement containing HE for 12 weeks. We ob-
served its significant effect for the improvement of
cognitive functions.

MATERIALS AND METHODS

We performed all our study in two institutes: collab-
oration II building of Kyusyu-university hospital
and USL Health-up Salon, both locate in Fukuoka,
Japan. All tests strictly followed the declaration of
Helsinki, revised at Fortaleza in 2013, and Ethical
Guidelines for Medical and Health Research Involv-
ing Human Subjects published by Japanese Govern-
ment in 2014. We gave informed consent before the
tests by explaining carefully the purpose and meth-
ods of the tests and confirmed that all subjects rec-
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ognized them and participated in the study by their
own wills.

Effects of HE were evaluated by performing a
randomized, double-blind, placebo-controlled paral-
lel-group comparative study (RCT). The method
was basically followed by our previous test (30). In
short, all participants were randomly divided into
two groups: the H. erinaceus (HE) group taking four
HE supplements in a day, and the placebo group
taking four placebo supplements in a day that did
not contain HE for 12 weeks. One HE supplement
contained 0.8 g of the powdered fruiting body of
HE and a placebo supplement did not contain any
powder from HE. In our previous study, participants
took cookies containing 2.0 g of HE for 4 weeks.
However, in this study, we extended the duration to
12 weeks because we speculated that the improve-
ment of cognitive functions needs longer time for
remodeling nerve structure in brain.

We carefully sorted the participants by following
rules: we selected the participants who are over 50
years old, healthy, and agreed with joining in the
test by their own will, and excluded the following
persons; who has regularly took any other function-
al foods, drags or supplements for the similar effects
to our tests; who had changed or begun to take any
health foods in past 4 weeks; who worked at the
night time or by the day-and-night shift; who need-
ed to have any medical treatments such as hormone
replacement therapy, drag treatment, exercise thera-
py or food therapy and so on; who had previously
had severe disorders of sugar metabolism, lipid me-
tabolism, liver function, renal function, heart, circu-
latory organ, respiratory organs, endocrine system,
immune system, or neurological diseases; who had a
history of alcoholic or drag-addicted; who had risk
of allergic reaction against the food; who were preg-
nant or lactating at the informed consent, or wanted
to become pregnant during the test; who had partici-
pated in other experimentations of foods, medicines
or quasi-pharmaceutical products or had a plan to
participate in other human experiments during the
test; or whom the study director considered not to
be appropriate to participate in the study.

Improvement of the cognitive functions was eval-
uated by using following three methods. (i) Mini
Mental State Examination (MMSE): an oral test for
the recognition functions including disorientation,
memory, calculation, language, and spatial abilities
(16, 34, 38). (ii) Benton visual retention test: estimat-
ing abilities of visual recognition, memorization and
construction (6, 7). (iii) Standard verbal paired-asso-
ciate learning test (S-PA): a test for evaluation of
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short-term memories by counting the correct an-
swers after listening and remembering 10 pairs of
words (39, 40).

All participants were allocated into two groups
(HE group and placebo group), without any statistic
significant differences, by block randomization by
the assignment director. All three tests (i to iii) were
performed three times (designated as ex-ante, inter-
im, and ex-post evaluations) with intervals of 6
weeks. Participants were required to note the intake
of the supplements every day and report the prog-
ress in every four weeks.

Statistical analysis. Averages and standard devia-
tions of all tests were calculated on each HE group
and placebo group. Statistical analysis was per-
formed as follows: (i) Results of MMSE, Benton vi-
sual retention test and S-PA obtained from each
group were compared between the timings per-
formed during the 12 weeks (designated as ex-ante,
interim, and ex-post evaluations). We used paired
t-test for the analysis and regulated the P-value by
applying Bonferroni method in order to consider of
the multiplicity. We judged their differences by the
statistically significant of P = 0.05. In addition,
when it was less than 0.10, we regarded that they
have tendency to be significantly different. (ii) Next,
results of these tests were compared between HE
group and placebo group. By using unpaired z-test,
we judged their differences by the statistically sig-
nificant of P =0.05 and 0.10 as mentioned.

RESULTS

We excluded the results of three persons from all 34
participants. Two subjects of them were excluded
because we could not perform ex-post evaluation for
them. The other one was omitted because the one
had initially abnormal value in MMSE: the score
was lower than 24. Therefore, we analyzed the data
from 31 participants composed of 6 male and 10 fe-
male subjects for HE group, and 5 male and 10 fe-
male subjects for placebo group. All of them were
over 50 years old. Possibility of suffering from cog-
nitive functions is increased after the age of 60; it is
crucial to regulate the average age of each group.
The average ages of the two groups were 61.8 (HE
group, SE =1.7) and 60.8 (placebo group, SE =2.2),
respectively. Statistical analysis suggests there were
no significant differences in age between the two
groups with P-value of 0.732. Sixteen participants
of the HE group took 99.6% of the total amount of
the supplement during the test period, and 15 of the
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Table1 Comparison of MMSE scores between HE and placebo groups
ex-ante interim ex-post
HE. placebo  P-value HE P-value  t-test HE placebo  P-value
Orientation to place (05.60000) (ggg) ND (; 68885) (ggg) 0.598 ( 05 00(;) 0) (gg;) 0.310
Orientation to time (;'16535) (3%) 0.853 (;'08885) (g?g) 0.654 (5608)0) (gg) 0.0824%
Immediate recall (5,09:3) ((3):88) 0341 (()3.3)(?0) ((3):88) ND (03.60000) (3188) ND
Clunion | M3 AD g S AT a0, S0 dm
Delayed recall (()2.68885) ((3):88) 0.167 (03.6%00) (32(9);) 0.310 (03.3)(?0) ((3):88) ND
Naming objects (02.60000) (3:88) ND ((ibOoOO) (gigg) ND ((ié)(?O) (éigg) ND
Repeat a sentence (01,60000) ((l):gg) ND (01.60000) ((1):88) ND (01.6%00) (g:gi) 0.310
Oral command ((iboooo) ((3):88) ND (()3.60000) (3:88) ND (()3.6()()00) ((3):88) ND
Writing command (01460000) ((l)igg) ND (01.60000) ((1):88) ND (01.§000) ((1):88) ND
Sp°i?§§§lilr§ﬁng (01.600(1)) (gﬁﬁ% 0-310 (01.600(1)) ((l):gg) ND (01.3)000) ((1):88) ND
Graphic drawing (01.600%) ((1):88) ND (01.600?)) ((1):88) ND (01.60000) ((1):88) ND
Total score ((2).94;(9)) (208,4733) 0462 ((2).91'2(3)) (209.4133) 03107 ((3)%88) (209.2523; 00328

ND: Not defined because two values were coincidence.
(): Brackets denote Standard Errors.

T: The value suggests significant difference between HE and placebo groups.

1: The value suggests tendency to be significantly different.

*: The value was calculated by Welch’s #-test.

placebo group took 98.1% of that, indicating that
the subjects in this study took almost all the supple-
ments during the experiment.

At first, we compared the initial values of MMSE,
Benton visual retention test and S-PA between HE
group and placebo group. We did not find any sig-
nificant differences between the two groups in all
these tests. Therefore, we considered that these two
groups had almost similar properties in these tests.

Mini mental state examination (MMSE)

MMSE is widely used for the dementia diagnosis
and performed by an oral examination. Total scores
of both groups increased by the time, but only the
HE group showed the significant increase by com-
paring both ex-ante/interim tests and ex-ante / ex-
post trials (Table 1).

Scores from HE group were always higher than
those from placebo group. Total scores at ex-post
trials were significantly different, and the values of
“orientation to time” had tendency to be significant-

ly different (Table 1). These results indicate that the
intake of HE made better results in these tests.

As mentioned above, possibility of suffering from
cognitive functions is closely related to age. To get
the clearer relation, we performed an age amendment
and compared the time change of the two groups by
the repeated analysis of covariance (ANCOVA)
(Fig. 1). The result showed significant interaction
with P-value of 0.029 between the two groups by
the time course of the test. Therefore, we got clear
results that intake of the HE supplements improves
cognitive functions of the people with normal MMSE
value.

Benton visual retention test

This examination mainly checks the ability of visual
cognitions. We analyzed the data from the same 31
participants. They did not show any significant
changes during the trials in each group as shown in
Table 2. They did not find any differences in the test
between the two groups, either.
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Fig.1 Effect of HE intake to MMSE scores in 12 weeks.

Change in the total score values of MMSE in HE and pla-
cebo groups. After an age amendment, repeated analysis
of covariance (ANCOVA) was performed. Interaction be-
tween these groups and the time course was calculated to
be P=0.029, indicating significant difference between the
groups.

Table 2 Comparison of Benton visual retention test be-
tween HE and placebo groups

ex-ante interim ex-post
HE 6.88 6.25 7.13
(n=16) (0.531) (0.382) (0.473)
placebo 6.80 6.40 7.00
(n=15) (0.55) (0.48) (0.45)
P-value
(HE / placebo) 0.922 0.806 0.850

(): Brackets denote Standard Errors.

Standard verbal paired-associate learning test (S-PA)
S-PA, performed by listening, evaluates short term
memory of words. Initial value in HE group was
slightly higher than that of placebo group, and they
got closer as experiment proceeded (Fig.2). There
were no statistically significant changes in both
groups (P <0.100), and no significant differences
between the two groups, either (Table 3). Therefore,
we did not find any clear effects of the HE intake
from the test.

DISCUSSION

Chinese traditional medicines containing HE are re-
garded as drugs of various diseases, including cancers
and autoimmune diseases (15). Here, we confirmed
that longer intake of the HE supplements for 12
weeks is significantly effective for the improvement
of the cognitive functions, especially in MMSE. It
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Fig.2 Change in the percentile ranking of S-PA test of HE
and placebo groups after the intake of HE for 12 weeks.
There were no significant changes in the test period and
no significant changes between the two groups either.

is notable that in our experiments there were only
few participants who could not continue the experi-
ment till the last evaluation. This suggests that our
tests were performed appropriately and these results
have high reliability.

In this study, we selected participants with normal
cognitive functions. More studies are necessary to
confirm if oral intake of HE was also effective for
the patients with serious cognitive disorders. How-
ever, it is notable that not only did HE prevent from
the deterioration of short-term memories, but also
it improved the cognitive functions in MMSE. It
indicates the possibility that HE helps regeneration
of the neural networks in adult brain. Though it
has been still under discussion if neurons are regen-
erated in the human adult brain (36), explant of neu-
ral stem cells in the brain is expected as a new
treatment of dementia (42). Since ubiquitination of
certain protein in synapse regulates synaptic com-
munication (37, 41), it is also probable that HE
might not help neural regeneration but it might fa-
cilitate the transmission between the existing syn-
apses by regulating their responses through the
ubiquitination. Further biochemical studies are de-
sired and they should be a great clue for the devel-
opment of new treatment for the regeneration of
neurons.

HE contains many chemicals stimulating human
health (26). Hericenones are reported to activate
synthesis of NGF in the astrocytes (17-19). NGF
emitted from the astrocytes is transmitted into the
nerve cells, and is necessary for the survival of neu-
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Table 3 Comparison of S-PA scores between HE and placebo groups

ex-ante interim ex-post

HE placebo  P-value HE placebo  P-value HE placebo  P-value

fst trial (09.'14537) (0?;18106) 01697 (3;317) (05;17532) 02697 (08.;15605) (08.'32771) 0700

Related words ~ 2nd trial 1(%')0 ( 09 18405) 0.164 ( 09.'09:3) (09.'34570) 0.205* ( 09 ']6535) (09.6897]) 0.191%*
3rd trial 1((()))0 ( 09 69637) 0.310 1(%)0 ( 09"26770) 0.212 ( 09 09:3) ( 09.&)9637) 0.964
tst trial (()3.68718) (02.486%) 0233 (()3.65707) (02.44071) 0-201% (()3.6]792) (()3.5(11()3) 0831

Unrelated words  2nd trial ( 05 7193 ) ( (;‘ ;15234) 0.518* (05.;159) ( 05 ;10908) 0.448 (05.-85466) (3?3;) 0.980
3rd trial (()5.57554) (054.56607) 0886 (06.'78514) (06.50609) 0.401 (O(?.77853) (06.66377) 0935
Overall judgment (813?) 0((()))0 0.082 ?0%66235) (3(1)3?) 0.521 (0(59066235; 0((()))0 0.341
Score of related words (02'?'547) (02_2'956) 0.101* (()2.226) 570?) 0.204* ((52.116) (?90;) 0.400
Score of unrelated words (;42;) (}2129;) 0.493* (;61;) (1312) 0.301* (;512) (}58421) 0917
Percentile ranking (2142) (275% 0.562* (Z(Li) (2573) 0.591 (292;) (2872) 0.982

(): Brackets denote Standard Errors.
*: The value was calculated by Welch’s -test.

ral cells in brain (11-13). This is supported by some
reports, showing that astrocytes have ability to help
neuroregeneration in CNS (2). NGF is a neuropep-
tide, unable to cross the blood-brain barrier and also
easily digested by peptidases. Recently, injection of
NGEF in brain is expected to be effective for the Par-
kinson disease (1, 3-5). However, the direct injec-
tion of NGF to the human brain carries a certain
degree of risk. Therefore, activation of the NGF
synthesis of astrocytes by the oral intake of HE is
safe and convenient therapy for dementia prevention
so far.

There are different types of hericenones. While
most of all hericenones show stimulating activity for
the biosynthesis of NGF in astrocytes, hericenone B
has been reported to prevent thrombosis, and con-
sidered to be effective for the protection from cere-
brovascular disturbance (29). This function might
also contribute to the improvement of the cognitive
functions because cerebral blood flow is regarded as
an important factor to dementia.

Other potent chemicals of HE for the improve-
ment of cognitive functions are erinacines, that also
stimulate NGF synthesis in vitro and in CNS (9, 20,
23-25, 35). Total chemical synthesis of both heri-
cenones and erinacines has been studied (22), then
we could obtain a few kinds of these chemicals,

hericenone A, B, I and so on, by the total chemical
synthesis without purification from the mushroom.
While hericenones are abundant in fruiting body of
the mushroom, erinacines are mainly contained in
mycelia. Therefore, we consider that the improve-
ment in our study was mainly likely due to heri-
cenones, because HE supplements in our study were
made from the fruiting body. However, Mori et al.
argued the existence of other chemicals soluble in
oil, stimulating NGF production (28). B-Glucan is
also abundantly contained in the mushroom (8). Its
cholesterol-lowering effect lowers the risk of the
heart diseases. Furthermore, it has an antitumor ef-
fect by activation of innate immune cells, such as
macrophages and dendritic cells, via binding to
B-glucan receptors, for example dectin-1 and CR3
(31). It matches with the report that the extract from
HE activates macrophages resulting in antitumor
effect (21). Macrophages play an important role
not only in the innate immune system but also in
neuroregeneration process (32, 33). Therefore, the
immune activation might also participate in the im-
provement of cognitive functions. We speculate
these various compounds contained in HE have mul-
tiple effects to the brain neural networks and im-
prove the cognitive functions.
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