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Protective Effects of a Water-Soluble Extract from Culture

Medium of Lentinus Edodes Mycelia against Neuronal Damage
after Hypoxia-Ischemia in Mice
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Fig. 1 Effects of chronic intake of LEM on total plasma oxidative
stress in the mice before H/I (open bar) and 24 hr after H/I
(shaded bar) determined by d-ROMs test. The data are
represented as means+ S.D. from 4-7 mice in each group. **,
P<0.01 compared with each before H/I, paired #-test. , P<
0.05 compared with the control group, by Tukey-Kramer
multiple comparisons test.
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Fig. 2 Effects of chronic intake of LEM on neurological score
determined in the mice 24 hr after H/I. The neurological
evaluations consisted of the five tests, spontaneous activity for
3 min, symmetry in the movement of left forelimb and hind
limb, floor walking, response to vibrissae touch, and response
to side stroking. The score to each mouse was summated of all
five individual test scores. The maximum neurological score of
a normal mouse with no deficit is 18. The data are represented
as means = S.D. from 4-7 mice in each group. *, P<0.05
compared with the control group, Kruskal-Wallis test followed
by the Mann-Whitney U test.
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Fig. 3 (A) Representative data of triphenyltetrazolium chloride (TTC)
staining from the mice of sham operated, control H/I (H,0), H/
I with chronic ingestion of LEM. Scale bar=1 mm. (B) Effects
of chronic intake of LEM on infarction volume in the mice
brain determined in the mice 24 hr after H/I by TTC staining.
The data are represented as means (% of control)+S.D. from
4-7 mice in each group. *, p<0.05, **, P<0.01 compared with
the control group, by Tukey-Kramer multiple comparisons
test.
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Fig. 4 (A) Representative data of DHE staining in the hippocampus,
the hippocampal CA1 and CA2, and the somatosensory area of
the cortex area from the mice of sham operated, control H/I, H/
I with chronic LEM ingestion. Scale bar=50 um. (B) Effects
of chronic intake of LEM on the level of superoxide
production in the mice brain tissue determined 24 hr after H/I
by DHE staining. The values of fluorescence intensity of each
group are represented as means + S.D. (n=4-7) relative to
those of their respective sham groups. *, P<0.05, **, P<0.01
compared with the respective sham group, 7, P<0.01
compared with the respective control group, by Tukey-Kramer
multiple comparisons test.
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Fig. 5 (A) Representative data of HE staining in the hippocampus, the
hippocampal CA1 and CA2, and the somatosensory area of the
cortex area from the mice of sham operated, control H/I, H/I
with LEM-treatment. Scale bars=500 and 50 um. (B) Effects
of chronic LEM ingestion on the number of cell death in the
hippocampal CA1 and CA2, and the somatosensory area of the
cortex area of the mice brain determined 24 hr after H/I by HE
staining. The data are represented as means+ S.D. from 4 mice
in each group. *, P<0.05, **, P<0.01 compared with the
respective control group, by Tukey-Kramer multiple compari-
sons test.

REBICESNT7 ) =5 oH A ThHD 0, FEEZIH
L, fifao 7 R =22\ L. Thbol & X
D, LEM OFEfery 7B S —aE M I e X 184 A b
VAR L, MREDR ARSI EDAL N E T .

SEA VT LEM o 5813, BmEBRCHV-HRT
\~% LEM DEEEEMNE 5 & DN (0.3~2.7 gkg/H) T
Bote. —F, Thite RS E LHERCRT 5%
58 (#25~60mgkg/ H) O¥HEchicbry, @HE,
ERECEWR ST OHAIL, e D 10fSEXER
ET B END, RUBETHDHEEZLNRS.

PR SR Fo 1) 2 W MMk IR D R84 « R A ) = X A
ik, Miex v vAoEERKE NS ERMBRTW
%13, 0,7, Hy0,, -OH 72 £ ® ROS 1%, fIfdic 1} % DNA
DIEGCIRE DML, EAEOEM R EXHEL, T
R —vATF| &R T BIBEEERI S { ROS D



104
(A) Hypoxia-ischemia
) Sham Control  0.5% LEM 1% LEM
CAl CoR O ”
CA2 W e :
Cortex e
' 50 ;u‘n
(B)
100 Cortex
[ Control
80 i [ 0.5% LEM
60 i HE 1% LEM

N
(=}

[
[=}

TUNEL Positive Cells (%)

(=1

Fi

_
a°
N

(A)  Representative data of TUNEL staining in the
hippocampus, CAl, CA2 of the hippocampus, and the
somatosensory area of the cortex from the mice of sham
operated, control H/I, H/l with LEM-treatment. Scale bar =
50 um. (B) Effects of chronic intake of LEM on the number of
TUNEL positive cells in the hippocampal CA1 and CA2, and
the somatosensory area of the cortex area in the mice brain
determined 24 hr after H/I by TUNEL staining. The data are
represented as means+S.D. from 4 mice in each group. **, P<
0.01 compared with the respective control group, by Tukey-
Kramer multiple comparisons test.
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Fig. 7 (A) Representative data of cleaved caspase-3 immunostaining
in the hippocampus, the hippocampal CA1 and CA2, and the
somatosensory area of the cortex from the mice of sham
operated, control H/I, H/I with LEM-treatment. Scale bar =
50 um. (B) Effects of chronic intake of LEM on the number of
cleaved caspase-3 positive cells in the hippocampal CA1 and
CA2, and the somatosensory area of the cortex in the mice
brain determined 24 hr after H/I by immunostaining of cleaved
caspase-3. The data are represented as means+ S.D. from 4
mice in each group. *, P<0.05, **, P<0.01 compared with the
respective control group, by Tukey-Kramer multiple compari-
sons test.
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ABSTRACT

Protective Effects of a Water-Soluble Extract from Culture Medium of Lentinus Edodes
Mpycelia against Neuronal Damage after Hypoxia-Ischemia in Mice

Meiyan XUAN', Mari OKAZAKI', Naohiro IWATA!, Shinya KAMIUCHI!, Fumiko SUZUKI?,
Hiroshi IIZUKA?, Yasuhide HIBINO!

! Laboratory of Immunobiochemistry, Department of Clinical Dietetics & Human Nutrition,
Faculty of Pharmaceutical Sciences, Josai University
2 Noda Shokukinkogyo Co. Ltd.

Objective: Lentinus edodes (Shiitake) is a very popular mushroom in Asian cuisine. The water-soluble extract from culture
medium of Lentinus edodes mycelia (LEM), which is commercially available as a nutritional supplement, is prepared by hot-water
treatment from a solid medium composed of bagasse and defatted-rice bran overgrown for about 4 months with its mycelia. LEM
was previously reported to have antioxidant activity and to suppress various oxidative damages. In this study, the neuroprotective
effects of 2-week intake of LEM on cerebral ischemic damage induced by hypoxia/ischemia (H/I) followed by reoxygenation in
mice were examined.

Method: Male C57BL/6J mice were divided into three groups, fed for two weeks with the control laboratory powder chow, 0.5%
LEM-contained chow, or 1% LEM-contained chow, respectively. Cerebral ischemic damage was induced in the mice by H/I (i.e.,
unilateral ligation of the carotid artery and exposure of 8%0, for 30 min). Twenty-four hours after H/I, total plasma oxidative
stress, neurological deficits, cerebral infarction volume were evaluated in each group. Furthermore, the number of apoptotic cells
in ischemic penumbra, the hippocampal CA1 and CA2, and the somatosensory area of the cortex, were analyzed by TUNEL stain-
ing and cleaved caspase-3 immunostaining.

Results: The infarct area assessed 24-h after H/I was extended to the corpus striatum and cortex in the control mice. Treatment
of LEM dose dependently improved plasma oxidative stress, neurological deficits, and cerebral infarction volume. Moreover, LEM
decreased the levels of dihydroethidium activity as an index of super oxide production and the number of apoptotic cells in ischemic
penumbra.

Conclusion: These results show that chronic intake of LEM relieves the hypoxia-induced cerebral ischemic injury, which may be
attributed to the antioxidant effects of LEM.

Key words: Neuroprotection, Water-soluble extract of Lentinus edodes mycelia (LEM), Hypoxia-ischemia, Oxidative-stress,

Apoptosis





