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The influence of Hericium erinaceus extract
on myelination process in vitro

Micninosi 06010HKU, AKI 6KPUSAIOMb AKCOHU, GUKOHYIOMb 0€AKI 8AMNCIUBL PYHKYIL, a came: npuc-
KOPEeHHsT NPOBEOCHHSI HEPBOBO2O IMNYAbCY, NIOMPUMKA AKCOHIB, iX 3aXUCM, [3078Yis Ma HCUGTICHHSL.
Howxo0ocenns KoOMRaKmHoi cmpyKmypu MI€niHy npuzeooums 00 HOPYUIEHH HOPMATbHO20
@YHKYIOHY8AHHA HEPBOBOT cucmemMu ma MSANCKUX HePBOSUX 3aX8opioganb. Tomy HeoOXionum ¢
NOULYK PEHOBUH 3 PecyNSMOPHOK Md 3AXUCHOI0 0IEH WO000 HOPMAIbHOI MIENiHI3ayil, a makoxic 3i
CIUMYTI0BATILHUM epeKmoMm Ha npoyec i0HOGACHHA MICAIHOBUX 000JIOHOK NICAs IX PYUHY8AHH.
Hewooaeno 6yno nokasano, wo excmpaxm epuba Hericium erinaceus mae axmugyouy ma cmu-
MYTI08ANbHY Oil0 HA HEPBOGY MKAHUMY. YV 36 3Ky 3 yum Memoio Hawioi pobomu 6y10 0ocaioumu
BNIIUB Yb0O2O EKCMPAKMY HA KIIMUHU MO304KA mMa npoyec Micainizayii in vitro. 32i0Ho 3 ompumanumu
pe3yavmamamu, Hepeosi ma eaianbHi KIMUuHU po36UBAIUCT HOPMATILHO Y OHAABHOCMI eKCmpaKmy
npomsieom Kyabmugyganus. Excmpakm He GUKIUKA8 NAMONO2IYHUX 3MIH [ He OeMOHCmp)Y8as
mokcuynoi 0ii wo0do Kaimuh. Yavmpacmpykmypa KUmuHHUX eiemenmie 0yaa inmaxmuow i ue
BIOPI3HANACH 8I0 MAKOL, WO CNOCMEPI2Aembcsl y KAImMuH Mo304Kka in vivo. Ilpoyec mieninizayii npu
HAA8HOCMI eKCMPAKmy NOYUHABCS paHiuie i npoxoous wieuouie, nopisHsano 3 xKoumpoaem. Taxum
yunom, excmpakm H. erinaceus cnpusie HOPMANLHOMY PO3GUMKY MA POCMY KYIbIMUBOSAHUX KIMUH
MO304Ka T 0eMOHCIPYBAG Pe2yMO8AbHY Ma CMUMYTIOSATbHY 00 Wodo npoyecy Mieninizayil in vitro.

INTRODUCTION

Myelin sheath of the nerve fibers is a special multi-
lamellar concentric structure, which is formed by
membranes of myelinating glial cells: oligodendro-
cytes (OL) in the central nervous system (CNS)
and Schwann cells in the peripheral nerve system
[17]. Formation of this sheath begins when axon
reaches the certain diameter, and includes signalling
between myelinating cell and axon; “recognition”;
movement and myelin-specific components synthe-
sis [5, 18, 19]. Composition of the myelin sheath
differs from the membranes of the other cell types
due to a high content of lipids (70—85 %) and rather
low level of proteins (15-30 %) [4]. The high lipid
content in a myelin sheath defines its functions,
namely: insulation of axons and prevention of elect-
ric contacts in the tightly packed nerve bundles, as
well as acceleration of the nerve impulse conduction
through saltation between Ranvier nodes [2]. Da-

mage of the myelin compact structure leads to a
severe CNS impairment and underlies some neuro-
degenerative diseases (Alzheimer disease, multiple
sclerosis, etc.). Therefore, discovery of protective,
activating or regulatory properties of some substan-
ces on the myelin genesis is of a special interest.
It was recently shown, that extracts of some
edible mushrooms have physiological and pharma-
cological properties [7]. Extract of one of these
mushrooms, Hericium erinaceus, was demonstra-
ted to have anti-tumour action and was used for
cancer therapy and prevention [7, 8]. Besides, this
extract was shown to have stimulating immune sys-
tem and neurotropic effects as well as to activate
the synthesis of the nerve growth factor (NGF) [8,
11]. Further investigation of the properties of H.
erinaceus extract is rather promising in order to
reveal its effect on the nerve tissue and myelination
process. Presumptive positive effect could be pos-
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sibly used to prevent some neurodegenerative disor-
ders (Alzheimer disease, etc.).

An appropriate and widely used technique to
study the process of myelination as well as an influ-
ence of different physiological factors on the myelin
genesis is cell culture [1]. Its main advantages are,
that were used in present work, the possibility of
vital microscopic investigation of neurons and glia
to analyse their morphological and functional chan-
ges at growth or after an influence of biologically
active substances.

In order to test an influence of H. erinaceus
extract on the myelin genesis we performed the
detailed structural and ultrastructural study in vitro
of the stages of myelination in presence of this
extract.

MATERIALS AND METHODS

Cell culture. Cerebellum of newborn WISTAR rats
was used and cultured as described previously [3,
9]. In brief, cerebella were taken out and dissociated
mechanically using Pasteur pipettes. Then cell sus-
pension was plated on the plastics (aclars) in the
Petri dishes. The aclars were previously coated with
1 % water solution of poly-L-lysine. Suspension
contained 2x10%/Ul cells. Culture was maintained
for 21-31 days in vitro (DIV). Nutrient medium
consisted of Dulbecco’s Minimal Essential Medium
(70 %), Gibco (USA), Cat. No. 10331084; H. erina-
ceus extract (10 %); fetal bovine serum (10 %),
Intergen Cat. No. 1020-75; horse serum (10 %),
Gibco (USA), Cat. No. 26050-070; glucose (4,5 g/L);
penicillin-streptomycin (200 u/ml), Sigma (USA).
H. erinaceus extract was absent in a control cultu-
re medium. Cells were incubated under an atmos-
phere of 5 % CO, and 95 % air at 37°C. The
nutrient medium was changed every 5 days.

H. erinaceus extract preparation. To prepare
extract of H. erinaceus its powder was dissolved
in 96 % ethanol in ratio 1:10 [13] (the powder was
kindly given by Weser-Champignon, Germany). In
10 days soluble part was separated from insoluble
sediment. Received extract was placed into thermo-
stat at 40°C. After evaporation was complete, the
same volume of the distilled water was added.
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Concentration of this water extract was taken as
100 %. Then extract was diluted with the nutrient
medium to get 10 % solution. Ethanol content in
water extract did not exceed 0,01 % and was not
toxic for cultivated cells. The extract was kept at
4°C for 10 days.

Electron microscopy. Cell cultures (21, 26 and
31 DIV) were washed with 0.1 M phosphate buffer
(PB) and fixed with 1,5 % glutaraldehyde solution
in 0,1 M PB. After washing out, cells were fixed
with 1% OsO, solution in 0.1 M PB and dehydrated
in ethanol series: 30, 50, 70, 80, 95 and 100 %. Then
cells were embedded in Epon-Araldit mixture. The
method of “upturned” capsules was used. Capsules
were filled with embedding medium. Then they were
turned over and placed onto definite sites of the
aclars, which were chosen before using light micro-
scope.

After thin sectioning and double post-staining
(in 2 % uranyl acetate solution in 70 % ethanol
and the lead citrate solution) the specimens were
viewed with an Jem-100CX (JEOL) electron mic-
roscope.

Statistic analysis. The nonparametric two-tailed
Kolmogorov-Smimov test was used to assess the
differences between analysed samples (P<0,01 was
considered to indicate statistical significance).

RESULTS

Light microscopic analysis of cerebellar cells
growth in culture. Following mechanical disso-
ciation the resulting cell suspension of H. erinaceus
extract-treated and control cultures were observed
under a phase contrast microscope as rounded cell
bodies without processes during 1st DIV, although
some cells had initial segments of processes. Cell
adherence to the surface took place within 4-8 hours
after cell plating. By this term the whole surface of
a culture substrate was covered with cell mass layer.
Compact cell aggregates, forming small “islands”
in the culturing cell mass, were quite often observed
(Fig. 1, a). They were interconnected by separate
fibres or their bundles during cultivation. The proces-
ses of a renewal or formation de novo were obser-
ved for next 48 hours. No morphological distinction
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could be made between neurons and glia during the
first few days. By the 5-7th DIV neurons (usually
with pyramidal or round bodies) and glial cells were
identified due to different refraction under phase
contrast microscope. After 2-week cultivation dense
interlacing network made by well-developed nerve
and glial processes was observed. Cell processes
strongly ramify on a distance from the cell body.
Some of the processes grouped into bundles of
different thickness. Then single processes and their
bundles formed the network. All morphological

types of neurons, described previously [17], were
detected, namely: multipolar neurons with short
and ramified or long and direct dendrites, as well
as the neurons with one thick dendrite, which
branches on some distance from the cell body.
Cultivation lasted 21-31 DIV. Culture maturation
(cell density increase and nerve processes growth)
has been shown to occur within during at period
(Fig. 1, b).

According to a light microscopic analysis, no
difference in the cell growth and the development

Figure 1. Dissociated culture of the rat cerebellar cells treated with H. erinaceus extract, 1 DIV (a) and 26 DIV (b); phase contrast

microscopy, x 125
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of both treated and control cultures was detected.

Electron microscopic analysis of myelin sheath
development in culture. Three stages of myelination
in the presence and absence of H. erinaceus extract
(21, 26, 31 DIV) were examined.

Myelin sheaths of axons in both treated and
control cultures were already formed by the 21st
DIV (Fig. 2, a). The sheaths numbered 6-7 lamellas
on average in the treated cultures and 5-6 lamellas
in control ones. Axolemma was outlined clearly and
usually adjoined to the inner surface of a myelin
sheath, although some small local spaces between
the axon and the sheath were sometimes observed.
The contents of the axon included neurofilaments
and seldom microtubules, membrane structures and
dense bodies. The cytoplasm on the inner side of
myelin sheath was often absent, but it was available
on the outer one. In general, the structure of the
myelin sheath was similar to that observed in vivo.
The lamellas, consisting of the protein and lipid layers
(dark and light lines on electronnograms, respec-
tively), were well distinguished and were charac-
terized by an integral concentric structure. But the
most of lamellas were arranged loosely and included
thin cytoplasm layer between them. Consequently,
the myelin sheath of the most of axons was not
compact. It could be concluded, that myelin was
immature by this cultivation term.

By the 26th DIV the myelin sheathes looked
more mature (Fig. 2, b). The lamellas joined each
other tightly and formed a compact spiral structure,
which was similar to that observed in vivo. No local
or the whole space between an axolemma and a
myelin sheath was found. The myelin sheaths of
the axons contained 10-11 lamellas on average in
the treated cultures and 7-8 in control ones.

By the 31st DIV the myelin sheaths had 10-11
lamellas on average in both treated and control

cultures (Fig. 2, c). The structure of the sheath did
not change significantly as compared to the two
previous stages. However, it should be noted, culture
was undergone some degeneration by this term. It
was characterized by the local degradation of
an axon and/or axoplasmic organelles. Sometimes
small local voids within the myelin sheath and spaces
between the axolemma and the sheath were found.

Statistical analysis of a number of lamellas
in the myelin sheaths during myelination in the
cerebellar cell culture was performed. Stepwise
increase in the lamellas amount during the myelin
sheath development has been revealed. By the
21st DIV number of lamellas averaged 6,44+0,13
and 5,57 £ 0,21, by 26 DIV — 10,03 £ 0,15 and
8,07 £ 0,24 and by 31 DIV - 10,37 £ 0,19 and
10,52+0,24 in treated and control cultures, res-
pectively (P<0,01) (Table, fig. 3).

Electron microscopic analysis of cerebellum
cells development in culture. Electron microscopic
examination of ultrathin sections of the culturing cells
has revealed typical cerebellar cell types during
cultivation in both treated and control cultures. The
cells were intact and mature and had a intact ultra-
structure.

It has been shown, that OL were pictured as
moderately dense cells. This feature was used to
differ them from other cell types. The nucleus usual-
ly lies in an eccentric position. Consequently, its part
appeared to be surrounded by thin rim of cytoplasm.
The most of OL had homogenous karyoplasm and
chromatin lumps, which were localised nearby the
nuclear envelope. The granular endoplasmic reticu-
lum and the Golgi apparatus were well developed.
Ribosomes, multiple small granules, inclusions and
dense bodies were well observed in the cytoplasm.
As far as culture matured by 3 1st DIV the vacuoles
were found in the cytoplasm.

Statistical analysis of a number of lamellas in the myelin sheaths during cerebellar cell cultivation in the
presence and absence of H. erinaceus extract (n=200, P<0.01): 1 — control, 2 — H. erinaceus

Cultivation term 21 DIV 26 DIV 31 DIV
Number of lamellas
(treated cultures) 6,44+0,13 10,03£0,15 10,37£0,19
(control cultures) 5,57+£0,21 8,07+0,24 10,52+0,24
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Cc
Figure 2. The myelinated fibres in the culture of the rat cerebellar cells treated with H. erinaceus extract, 21 DIV (a), 26 DIV (b)
and 31 DIV (c); x 20 000
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Neurons were often observed. They had the
large oval nucleus (usually with nucleolus). The most
types of neurons were characterized by a homo-
genous karyoplasm (molecular and ganglionar layers
of the cerebellum), the rest of them had a hete-
rogeneous one with chromatin clumps (granular
neurons and granular layer of the cerebellum). Lu-
cent cytoplasm contained free ribosomes, granular
endoplasmic reticulum, Golgi apparatus, mitochon-
dria, microtubules, neurofilaments, lysosomes, multi-
vesicular bodies, lipofuscin granules and fibrillar
inclusions.

The cytoplasm of the neuronal processes (dend-
rites and non-myelinated axons) is characterized by
a presence of mitochondria, granular and agranular
endoplasmic reticulum (before the first arborisation
and after the second one, respectively), free ribo-
somes, large amount of microtubules (axons) and
neurofilaments (axons and dendrites).

Astrocytes were often found. They were cha-
racterized by a homogenous karyoplasm in fibrous
astrocytes and by a presence small chromatin lumps
nearby the nuclear envelope in protoplasmic astro-
cytes. The cytoplasm of cell body and processes
contained multiple filaments, ribosomes, endoplasmic
reticulum, Golgi apparatus, some mitochondria, lyso-
somes, microtubules and granules.

By the 31 DIV the ultrastructure of some cells
was characterized by aging alterations. The cyto-
plasm looked more dense and contained dark gran-
ules and vacuoles of different size and density.

n

12 1

10

21DIvV 26 DIV

31 DIV

Figure 3. Comparative diagram of the course of myelin sheath
formation in control and treated with H. erinaceus extract
cerebellar cells in vitro.
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Number of organelles in axoplasm somewhat de-
creased, the axolemma was locally invaginated.
Thus, the culturing cells demonstrated aging degen-
eration by this cultivation term.

DISCUSSION

Dissociated culture of rat cerebellum cells allowed
us to monitor the basic stages of the myelin genesis
in vitro and to study influence of H. erinaceus
extract on this process. 21, 26 and 31 DIV were
considered as the optimal cultivation terms to inves-
tigate the myelin sheath formation in vitro by follo-
wing reasons. First, according to the biochemical
data, described previously [ 14, 16], myelin-specific
proteins appearance were detected on the 19 DIV
in the nerve tissue culture. Consequently, 21 DIV
was the most appropriate cultivation term to des-
cribe the beginning of myelination process in vitro.
Second, our own light microscopic data demon-
strated that treated and control cultures entered the
ageing phase and had some degenerative alterations
after 31 DIV. Myelin sheaths could either lose partly
their laminar structure or include the voids or holes.
It should be noted that the similar events were
observed in myelin sheaths of the normal aged
animals [ 10]. Thus, this cultivation term was chosen
as the last stage of myelin genesis in vitro.

An intensive myelination in rat cerebellum is
known to start on 5—7 postnatal days [1]. So the
cerebellum tissue of a newborn rat did not contain
myelinated fibres. Native myelin sheaths were for-
med during cultivation. Our results have shown, that
the course of myelination in vitro is very similar to
that, revealed in vivo. Myelin sheaths wrapped both
single and grouped axons. It should be noted that
each of the grouped axons had a separate myelin
sheath. Thus, it is suggested, that single axons of
cultivated neurons were myelinated first. Then some
of these processes grouped into a bundle and was
wrapped by additional common myelin sheath. Axon
grouping in culture can be explained by a tendency
of the cells to aggregate and group their fibres into
bundles during culture growth and/or by unilateral
growth of the neighbouring axons during network
formation.
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Two sera (horse and fetal bovine) were used to
culture cerebellum cells. Our choice was dictated
by following reasons. The horse serum is known to
promote a survival and a development of the nerve
and some glial cells where as the fetal bovine serum
is necessary for OL growth in vitro [9]. Our own
experiments confirmed these data. OL were absent
in the cerebellar cells cultures when the cells were
cultured in the presence of the horse serum only.

According to our results, treating with H. eri-
naceus extract promoted normal development of
the cerebellar cells during the whole period of culti-
vation. The cells in treated and control cultures grew
and matured in the same way. Electron microscopic
observation of cells, has revealed, that the ultrastruc-
ture of the cells in both cultures was similar on the
21st, 26th and 31st DIV. It can be concluded, that
the cells treated with the extract developed normally
during four weeks of cultivation. Afterwards they
entered ageing stage. Thus, the extract of H. erina-
ceus in 10 % concentration neither evoked noti-
ceable changes in cerebellar cell structure during
development nor caused pathological alterations
during cells cultivation.

However ultrastructural analysis of the myelina-
ted fibres in treated and control cultures has shown
that the extract of H. erinaceus influenced the
process of myelination in vitro. Number of lamellas
in the myelin sheaths in the nerve fibres in treated
cultures was higher by the 21st and the 26th DIV
as compared to those in control cultures. Thus, it
could be concluded, that myelin genesis began earlier
and proceeded faster and more intensively in the
presence of extract. By the 31st DIV quantity of
lamellas in the sheaths in treated cultures did not
increase and remained approximately the same.
Similar number of lamellas was counted in the mye-
lin sheaths of the fibres in the control cultures. Thus,
myelin sheath formation in the treated cultures
seemed to be completed by the 26th DIV.

As the extract of H. erinaceus is able to acti-
vate the synthesis of NGF [8, 11], it could be sug-
gested, that cultivated cells expressed NGF more
intensively after adding of the extract, and, thus,
they developed NGF-rich nutrient medium. One of
the functions of NGF is a support and control of the
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survival of the nerve cells during their development.
Therefore, availability of the extract of H. erinaceus
in the cultures could intensify growth of the nerve
cells and accelerate their maturation during culti-
vation. An earlier neuron maturation resulted in
earlier myelination.

An influence of NGF on myelinating cells in
CNS, OL, has not been clear yet and it is somewhat
controversial. It was reported, that NGF receptors
were found in the OL membrane. Binding of NGF
to its receptors could promote OL better survival
as well as initiated their apoptosis [6, 12, 15]. Accor-
ding to our results, OL in the treated cultures did
not demonstrate any pathologic alterations. The
apoptosis in OL was not observed either. Moreover,
the rate of myelin sheath formation in treated cultures
was higher as compared to control cultures. Since
our results are in accordance to the data about the
survival of the OL after NGF influence [12, 15], it
can be proposed, that extract of H. erinaceus could
support normal development of the OL and, pro-
bably, promote their maturation and accelerate syn-
thesis of myelin-specific molecules. The latter could

be the reasons for earlier and more intensive myeli-
nation in vitro.

CONCLUSION

1. Extract of H. erinaceus in culture promoted the
normal cultivating the nerve and glial cells. Their
ultrastructure was similar to that observed in the
cerebellum cells in vivo.

2. Process of the myelin sheath formation in
the presence of extract H. erinaceus proceeded
faster and was completed by 26 DIV (in controls, it
was finished by 31 DIV). Thus extract of H. erina-
ceus demonstrated regulatory action on rate and
duration of myelination in vitro.

E.V. Kolotushkina, M.G. Moldavan, K.Yu. Voronin,

G.G. Skibo

THE INFLUENCE OF HERICIUM ERINACEUS
EXTRACT ON MYELINATION PROCESS IN VITRO

Myelin sheathes, wrapping axons, perform the following im-

portant functions: support, protection, feeding and isolation.
Injury of myelin compact structure leads to an impairment and
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severe illness of the nerve system. Exact mechanisms underly-
ing the myelination process and myelin sheaths damage have
not established yet. Therefore search for substances, which
provide regulatory and protective effects on the normal myeli-
nation as well as stimulating action on the remyelination after
myelin damage, is of special interest. Recently it was shown
that extract from mushroom Hericium erinaceus had activat-
ing action on the nerve tissue. So the aim of the present work
was to study an influence of an extract from H. erinaceus on
the cerebellar cells and the process of myelination in vitro.
Obtained data revealed the normal growth of the nerve and glial
cells with extract at cultivating. No pathologic or toxic action
of the extract has been found. The cell ultrastructure was intact
and similar to that observed in vivo. The process of myelina-
tion in the presence of the extract began earlier as compared to
controls and was characterised by a higher rate. Thus, extract
of H. erinaceus promoted normal development of cultivated
cerebellar cells and demonstrated a regulatory effect on the
process of myelin genesis process in vitro.
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