J Korean Soc Food Sci Nutr
46(7), 886 ~890(2017)

A AT AL

SEREEDEREE
https://doi.org/10.3746/ikfn.2017.46.7.886

Mo| HT22 MHME 25 53}

Neuroprotective Effect of Rice with Phellinus linteus
Mycelium in HT22 Cells

Ji Hyun Kim and Soon Sil Chun
Department of Food & Nutrition, Sunchon National University

ABSTRACT In this study, the protective effect of rice with Phellinus linteus mycelium (PLMR) against hydrogen
peroxide-induced oxidative stress was assessed in a mouse hippocampal neuronal HT22 cell line through (3-(4,5-dime-
thylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) salt (MTS) assay and western blot.
MTS assay using HT22 cells showed that PLMR extract did not affect viability at a concentration range from 1 mg/mL
to 5 mg/mL. However, at concentrations over 10 mg/mL, PLMR extract resulted in increased cell death. Cell viability
of HT22 was significantly reduced by H,O, treatment, and reduction of cell viability was efficiently restored by treatment
with PLMR extract in a dose-dependent manner from 0.1 to 1 mg/mL. Cells treated with H,O, showed increased
expression of Bax, a pro-apoptotic protein, which was down-regulated by treatment with PLMR extract. On the other
hand, cells treated with H,O, resulted in reduced expression of Bcl-2, an anti-apoptotic protein, which was restored
by treatment with PLMR extract. In addition, treatment with PLMR extract reduced expression of cleaved caspase
3 and PARP, which were up-regulated by H,O, treatment. The results may suggest that treatment with PLMR extract

would suppress H,O»-induced apoptosis of HT22 cells.
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2 (rice with Phellinus linteus mycelium, PLMR)®] Hz05
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FEMATAA B HE M= =
A &3)oll A Al om, A ATAA] & FEE
A 250 goll B 2LE Y1 %
FE A AAE (4,000 rpm, 10 min, 25°C; Combi-514,
Hanil, Gimpo, Korea) 8} 4588 54 Ax3A 42 &
S Al S 2 ARESIITE Add A8 A]eFo 2 Dulbecco’s
modified Eagle’s medium(DMEM)-2 HyClone(Longan,
UT, USA)°| A, fetal bovine serum(FBS), phosphate
buffered saline(PBS), trypsin, antibiotics© Gibco/BRL
(Eggenstein, Germany)oll A, #4F3}4=4 4+ Sigma-Al-
drich Co.(St. Louis, MO, USA)°l A, (3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sul
fophenyl)-2H-tetrazolium) salt(MTS)+ Promega(Mad-
ison, WI, USA)ol A Y3} . Primary antibody+= Bax,
Bcl-2+ Santa Cruz Biotechnology(Santa Cruz, CA,
USA)°l A, caspase-3+= Cell Signaling Technology, Inc.
(Danvers, MA, USA)9l A, PARP+ Enzo Life Sciences
(Farmingdale, NY, USA)°lA, Secondary antibody+
Cell Signaling Technology, Inc.olA -] 3}"”3} ECL2

Millipore(Bedford, MA, USA) A%< AFE331aL, 7]1EF A
o 9 gule EF EE 19 AYS *]’%O}iﬁ‘ﬂr.
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HT22 M|ZZHHQF

B Ao 29l M¥EE clonal mouse hippocampal cell
lineql HT22& AH&3131t}. 10% FBS, 100 U/mL pen-
icillin, 100 pg/mL streptomycin®] ¥3%% Dulbecco’s
Modified Essential Medium(DMEM)2 A}-8-3}o] 37°C,
5% CO2 incubatoroll A Hj &3}t
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1= TS ZAEH] 918k MTS assayE AAF3itt
96-well plate®] 5x10° cells/100 plLe] WE==Z 247} |
&g = FBS7F ¢l WA= 100 uLA A skt 1AI3F
eHd 5wl Ao AW ATAA B & AEE 0, 0.1, 0.5,
1, 2,5, 10, 15, 20 mg/mL F== A3tk A5 A

el

HE a3 887

30 5 Hx0.Z 500 M 5522 A - 24417 FHoll MTS
AlFS 11X 100 pLell 20 pl® A 2]skal CO; incubatorol] A
2~4A7 7+ A vl 3 microplate reader(infinite M200;
Tecan, Durham, NC, USA)Z 490 nmollA S3=5 54
sto] AZAEES E2lsih

Western blot analysis

6-well plateo] 1x10° cells/well2] WE=2 2427k vl
gk & FBS7) gl WA= 2 mLA alAskgivh. 1A17F <-4
S wjA el ARE 1 mg/mL sE= A3tk AR A
30% F 0.5 250 pM F%2 A 2]3 v CO; incuba-
torell Al 24A17F wiFe $ A5 2 AFESEITEH fojXl Al
£ 4°C PBS® + ¥ A4 ¥ protease inhibitorE #7}%
lysis buffer(iNtRON Biotechnology, Seoul, Korea)= A}
&3] AEZE SN FTE A2 &3 HE 15,000xg, 4°C

oAl 15%3F AAEY ato] T A=t st Fggt
Gl 22 BCA assay o2 A g 30 ple] o
AL 10%, 12% acrylamide gelol] 77195 3 nitro-
cellulose membrane(Schleicher & Schuell, Keene, NH,
USA)e 2 AT 5% skim milk® 1A]%F blocking %
membrane©]| specific primary antibodyZ 5% bovine
serum albumin®l] 2il 4°CollA 24A|17F WA o}
TBS-T(tris-buffered saline+0.1% Tween 20)Z A2 g+
% secondary antibodyE Ao A 1A|ZF &< WA 3]
t}. Secondary antibodyE TBS-TZE A %3 & chem-
iluminescent substrate %S AF-g-3lo] £2 S &

st

SAH X

2 Ao A e A FH A +3EFH A (mean£SD)
Z Yehfl e, SPSS X2 13(SPSS 12.0 for win-
dows, SPSS Inc., Chicago, IL, USA)S &-83o] EAMEA]
(ANOVA)E& HA8Ath #9421 Aol Student’s two
tailed r~test® 7X0.05 gl A vluskgltt
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AR FALA] 2 FE5E2 HT22 cellol] ot A ZAYE
&5 B7Es7] fl8te] MTS assays AABIH. FE55&
TEER A § 2417 B AZAEES SHA,
B AFAA B FE2E dY 542 Fig. 1o YER

Rt Fig. 1AE A3 AFAA & FE2ES 0, 0.1, 0.5,
1 mg/mLE A3 27 1 mg/mLY FEAA 2 AES
S B AN AMHe) S A e o YE
t}. Fig. 1BE 5A4S do7|e= 55 doliy] 98 =4
gt A3 5 mg/mL7MAl = 5A4S YERWA 249k, 10 mg/
mlL °]/de] FERE T& oEH o NEAES] AT
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Fig. 1. Effect of rice with Phellinus linteus mycelium (PLMR)
on cell viability in HT22 cells. The MTS assay determined the
cell viability. "P<0.05: significantly different from the values of
control cells.
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Fig. 2. Effect of rice with Phellinus linteus mycelium (PLMR)
on H,O,-induced oxidative damage in HT22 cells. The MTS
assay was determined the cell viability. The PLMR was added
with various concentrations (0, 0.1, 0.5, 1 mg/mL) to the cells
which were exposed to 500 uM H,O.. "P<0.05: significantly
different from the values of H»O»-induced cells.
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Fig. 3. Effect of PLMR on H»O»-induced apoptosis related pro-
teins Bax and Bcl-2 in HT22 cells. Cells were treated of PLMR
at the indicated concentration for 24 h. Equal amounts of cell
lysate (30 pg) were subjected to western blot analysis of an-
ti-Bax, Bcl-2, monocolonal antibodies. P<0 05: 31gn1ﬁcantly
different from the values of control cells. "PLMR: rice with
Phellinus linteus mycelium. JGAPDH was used internal control.
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Fig. 4. Effect of PLMR on H,O»-induced apoptosis related pro-
teins cleaved caspase-3 and PARP in HT22 cells. Cells were
treated of PLMR at the indicated concentration for 24 h. Equal
amounts of cell lysate (30 pg) were subjected to western blot
analy51s of anti cleaved caspase-3, PARP monocolonal anti-
bodies. P<0.05: significantly dlfferent from the Values of con-
trol cells. "PLMR: rice with Phellinus linteus mycelium. “GAPDH
was used internal control.

3

=

3

rr

245 9jAlste] apoptosis FH| O] AHEZAFE S A
[e)

o o]
B8 =

A FALA] B HAEL BT a3E B 43y
A Aol Ut 7 2ARE AFstaL, olE o] &3}
o Age] oI e 7]*” AEogo] b s
7;‘%5—’7‘} SHTE ASHATANA & 255 AYste] k-
2 SR ES HT229) AERE a3s doprr] 98
MTS assays ©]-83F Al EAE83} western blotS o] &
Sk M EZANE Tl F o] v & ekt A A AR
2 FEE 9Y SAS SHT A A IALA &

FEE A2 102.68% ©1749] *@%—% Bol Al 73‘*11+

76.85%, 92.46%, 95.57
P= FE 913143; /‘ﬂi‘gt o] éﬂﬂoﬂu} HT22 cell
o] M09 FFM A A & F5E-& #1238k apopto-



890

oy}
I
»

iy
1
i
[oV]
o
(@}
=t
(@}
w
a
il

10.

11.

12.

13.

14.

1)

z,
r_%:
o
12
>
ol
ﬁ

i o

e tr
o 8
o =
N
tlo
i
oX
ot
i)
-
o
=
O
m
o
o
o
—
o
f
(@]
O
=
o
—t
@,
js}
o,

3
rﬁt
©

5t caspase—39} PARP
B FEE0] H0=E

‘212%]6}% A% HAT 5 A9

REFERENCES

. Yang HS, Kim CS. 2010. Quality characteristics of rice noo-

dles in Korean market. J Korean Soc Food Sci Nutr 39:
737-744.

. Kim JH, Moon JE, Kang MY, Lee SC. 2013. A comparison

of cooking quality on commercial eco-friendly functional
rice. Korean J Crop Sci 58: 451-458.

. Yoo KA, Kang MY. 2005. Studies on bread-making quality

of bread mixed with wheat flour and several functional rice
flour. Korean J Food Cult 20: 299-304.

. Kim GH, Han HK. 1998. The effect of mushroom extracts

on carbon tetrachloride-induced hepatotoxicity in rats. J
Korean Soc Food Sci Nutr 27: 326-332.

. Choi HY, Ha KS, Jo SH, Ka EH, Chang HB, Kwon YI.

2012. Antioxidant and anti-hyperglycemic effects of a Sang-
hwang mushroom (Phellinus linteusau) water extract. Kore-
an J Food Nutr 25: 239-245.

. Yun WS, Jung HA, Roh SS. 2010. Effect of Phellinus ig-

niarius Quel extract on the anti-inflammatory, anti allergy,
anti-oxidant, anti-wrinkle. J Korean Orient Med Ophthalmol
Otolaryngol Dermatol 23: 75-93.

. An CS, Choi SY, Jim HL, Jeon YH, Hur SJ, Kim IH, Park

GD, Jeoung YJ, Lim BO. 2009. Immunomodulatory effects
of Phellinus linteus extracts on liver damage induced by
carbon tetrachloride in rats. Korean J Med Crop Sci 17:
217-222.

. Seo HC. 2011. Optimization of anticoagulant production

from Phellinus linteus Mycelia. Kor J Mycol 39: 117-121.

. Choi DIJ. 2012. Neuroprotective effects of Phellinus linteus

against ethanol-induced apoptosis of human SK-N-SH cells.
MS Thesis. Catholic University, Seoul, Korea.

Kim SH, Song YS, Kim SK, Kim BC, Lim CJ, Park EH.
2004. Anti-inflammatory and related pharmacological activ-
ities of the n-BuOH subfraction of mushroom Phellinus
linteus. J Ethnopharmacol 93: 141-146.

Park IH, Chung SK, Lee KB, Yoo YC, Kim SK, Kim GS,
Song KS. 2004. An antioxidant hispidin from the mycelial
cultures of Phellinus linteus. Arch Pharm Res 27: 615-618.
Park TH, Jeon SY, Lee HJ, Kim SI, Song KS. 2004. A B-sec-
retase (BACE1) inhibitor hispidin from the mycelial cultures
of Phellinus linteus. Planta Med 70: 143-146.

Schmidt P, Holsboer F, Spengler D. 2001. B2-adrenergic
receptors potentiate glucocorticoid receptor transactivation
via G proteinBy-subunits and the phosphoinositide 3-kinase
pathway. Mol Endocrinol 15: 553-564.

Chan PH. 2001. Reactive oxygen radicals in signaling and
damage in the ischemic brain. J Cereb Blood Flow Metab

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

21: 2-14.

. Halliwell B, Gtterige JME. 1989. The chemistry of oxygen

radicals and oxygen-derived species. In Free Radicals in
Biology and Medicine. 2nd ed. Clarendon Press, Oxford,
UK. p 22-31.

Halliwell B, Gtterige JME. 1989. Protection against oxi-
dants in biological systems: the superoxide theory of oxygen
toxicity. In Free Radicals in Biology and Medicine. 2nd
ed. Clarendon Press, Oxford, UK. p 86-89.

Baynes JW. 1991. Role of oxidative stress in development
of complications in diabetes. Diabetes 40: 405-412.
Satoh T, Sakai N, Enokido Y, Uchiyama Y, Hatanaka H.
1996. Free radical-independent protection by nerve growth
factor and Bcl-2 of PC12 cells from hydrogen peroxide-
triggered apoptosis. J Biochem 120: 540-546.

Lee SJ, Kim EK, Oh HJ, Kwon HJ, Hwang JW, Moon SH,
Jeon BT, Park PJ, Lim BO. 2011. Free radical scavenging
activity and protective effect against H,O»-induced stress in
neuronal cells of enzymatic extracts from Sarcodon aspra-
tus. Korean J Med Crop Sci 19: 77-82.

Hyun SD. 2008. Effects of culture extracts from Coriolus
versicolor mycellium grown in citrus extract on ethanol-in-
duced neurotoxicity. MS Thesis. Cheju National University,
Jeju, Korea.

Lee SJ, Kwon HJ, Oh HJ, Hwang JW, Kim YS, Lim BO,
Park PJ. 2010. Investigations of antioxidative activity against
oxidative stress induced by hydrogen peroxide in PC-12
neuronal cells from enzymatic hydrolysates of Flammulina
velutipes. Proceeding of the 2010 Symposium and Annual
Meeting of the Korean Society of Medicinal Crop Science.
Cheongju, Korea. p 339-340.

Han WRIJR. 2013. Study on the hepatoprotective effects from
Phellinus baumii extract. MS Thesis. Konkuk University,
Seoul, Korea.

Park S, Ahn S, Cho J. 2005. Effects of Ampelopsis japonica
extracts on tumor immunity. Korean J Oriental Med 11:
113-140.

Kroemer G, Zamzami N, Susin SA. 1997. Mitochondrial con-
trol of apoptosis. Immunol Today 18: 44-51.

Adams JM, Cory S. 1998. The Bcl-2 protein family: arbiters
of cell survival. Science 281: 1322-1326.

Coyle JT, Puttfarcken P. 1993. Oxidative stress, glutamate,
and neurodegenerative disorders. Science 262: 689-695.
Rao KS. 2009. Free radical induced oxidative damage to
DNA: relation to brain aging and neurological disorders.
Indian J Biochem Biophys 46: 9-15.

Lee SJ, Kim EK, Hwang JW, Kim CG, Choi DK, Lim BO,
Moon SH, Jeon BT, Park PJ. 2010. Neuroprotective effect
of Hericium erinaceum against oxidative stress on PC12
cells. J Korean Soc Appl Biol Chem 53: 283-289.
Chiarugi V, Magnelli L, Turchetti A, Cinelli M, Cavari S,
Ruggiero M. 1994. Cell survival and death programmes.
Pharmacol Res 29: 101-110.

Gorman AM, Hirt UA, Orrenius S, Ceccatelli S. 2000.
Dexamethasone pre-treatment interferes with apoptotic death
in glioma cells. Neuroscience 96: 417-425.



