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Phellinus gilvus is a medicinal mushroom used that has been used in folk medicine in Asian
countries for centuries. The aim of this study was to investigate the anti-xanthine oxidase,
anti-cholinesterase, and anti-inflammatory activities of methanol (ME) and hot water (HW)
extracts prepared from fruiting bodies of PA. gilvus. ME and HW had good anti-xanthine oxidase
(XO) activities compared to allopurinol, an inhibitor of xanthine oxidase. ME showed comparable
and slightly lower inhibitory activity against acetylcholinesterase (AChE) and butyrylcholinesterase
(BChE), respectively, than galanthamine, a standard AChE and BChE inhibitor. ME also showed a
protective effect against glutamate-induced cytotoxicity at 40 mg/mL and 100 mg/mL in PC-12
cells. ME (0.5~2.0 mg/mL) significantly inhibited nitric oxide (NO) production in RAW 264.7
murine macrophage cells stimulated with lipopolysaccharide (LPS). Carrageenan-induced

hind-paw edema in rats was significantly reduced 2~6 hr after treatment with 50 mg/kg of ME, Corresponding author: Ki Nam Yoon
which was comparable to administration of 5 mg/kg of indomethacin, the positive control. These Department of Clinical Laboratory Science,
results demonstrate that ME and HW of PA. gilvus fruiting bodies possess good anti-xanthine Ansan University, 155 Ansandaehak-ro,
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oxidase, anti-cholinesterase, and anti-inflammatory activities.
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Shim 5{18]2] ¥4
Erol| 80% gk
ARE-SE3IT =
ke %@(Duksan Ansan. Korea) 1,000 mLof| X1 A|5}e] 48
AZE 57t Ao A 33] S50t & o] FEME Hof of7iA]
(Avantec Roshi, Tokyo, Japan)= {18 3 40°Cf| 4] 24 7+
9F27](N-1000, EYELA, Tokyo, Japan)< o]-8-3}o] 79} 3=

Z8}01 w22l Yo $B-0 A7 % 7](FDU-8612, Operon,
Kimpo, Korea)= A|Asto] Hehe 20| 2493 AT
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Z EvfE o] & oleke] 242 Moreno 5201 2] Hof w}
2t 1 mg/mL 5=2] A= 8ol 10% aluminum nitrate 0.1 mL,
1 M potassium acetate 0.1 mL % ethanol 4.3 mLE A2
7Fstal 2okt & Ao A 40871 B & UV/VIS Spectro-
photometer (Optizen POP, CM Science, Busan, Korea)&
o[- gl 415 nmollA FBEE ST F Eeti o] E T
22 quercetin (Sigma-Aldrich, St. Louis, USA)& =54
2 1] AL AFAL ol 83te] 2710] 2% 20] & B

ol FFE T,

4. M|IZEHHQ

Ao AR83E RAW 264.73} PC-12 Al E58= SHiA 25
23)(Korean Cell Line Bank, KCLB)olA] E-ejdkoron o5
A= 9] wlj ool = 72 Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco, NY, USA)®} Roswell Park Memorial
Institute Medium (RPMI-1640, Gibco, NY, USA) BiA] & 7]
Huljz| & 3} o] v z| o]l 10% (v/v) fetal bovine serum (FBS),
100 U/mL penicillin % 100 mg/mL streptomycing & 7}s}
o] 37°C, 5% CO2] 271 0 = ujofsto] Aol ARG

5. RAW 264.7 M2 =4

TR G A A A O] wehgat G4 EEO] RAW 264.7
AJazo] t$t =A4J-2- Mosmann®] B [21]9] whek =2gs}i et
A 710 =Edt A|EFS DMEM HiA|7F 255 96-well
plateol] 2x 10° cell/mLe] & & B84 31 244|171 vofel 35,
2] 9] A2 AL A AL nfEISHA 55 10, 100,
500, 1,000, 2,000 mg/mL %% & 200 mLA A s #]o]| X 7}5
o] 48|17t =7 el Fst et wiok ohn 3 A NS A A sk 7t
Zro] wellofl MTT-29(5 mg/mL in PBS) 10 mLE #7}¢t &
37°C, 5% CO, HjF7] oAl 4A17F E3F v Fste] MTTE 2H
AlF T MTTE] 2hdel o8f 4343 224 formazan®] 27
2 150 mLe DMSOZ 9%l t3 microplate reader

(SpectraMax 340PC, California, USA)Z ©]-83}] 540 nmo]|
A FFEE ZSH

6. Xanthine oxidase (XO) Aol &4

Xanthine oxidase $4-2] 48124 AH-L- Stirpe?} Corte
Della®] ®Hi[22] o]l whet 5=24s}5iet. w57t oh& 5= (0.5~
8.0 mg/mL) 0.1 mLe} 0.1 M potassium phosphate buffer
(pH 7.5) 0.6 mLell 2 mM2] xanthine 7149 0.2 mLE 7}t
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3 xanthine oxidase (0.2 uint/mL) 0.1 mLZ 7}¢+ th2-37°C
of| A 1587184171 2 1 N HCI 1 mLE 7}sto] H-3-& 54
AlZ1 3 UV-VIS spectrophotometer (Optizen POP, CM
Science, Busan, Korea)& ©]-8-8l| 200 nmoflA S 4 =5 =4
3] HF-S-o Z=of] ABAE uric acid] S FLoFITE A 27
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7. Acetylcholinesterase (AChE) sl &M

AChEQ] 49| A8f) B2 Ellman 5(23]2] Wof whet
acetylthiocholine iodide & 7|4 = ARSI S AChE®] £
&l A4 == thiocholine2 DTNBL} HH-A|A A4 2-nitro-
benzoi-5-mercatothocholine?}  5-thio-2-nitrobenzoate
O] SHEE =433} =, 96 well microplate©]] 100 mLe]
AChE assay buffer (0.1 M Tris-HCI, pH 8.2), 10 mL¢] 0.5
U/mL AChE (dissolved in assay buffer containing 10%
glycerol) ¥ 0.063~1.0 mg/mL2] %= & 343+ 10 mLe] A|
FE 7IStal Aol A 104 <t X 9 10 mLe] 10 mM
DTNB®} 100 mM acetylthiocholine 5 mL-& 713 25 E<H 4t
S-A1Z1 & microplate reader (SpectraMax 340PC, California,
USA)E ©]-8-3t0] 405 nmeollA S35 5748k 3ic. oluf a4
41 559 assay buffers 718t 2-& control 2 galanthamine
= 7Rt e PR 0 = ANESEGL o W, AChES] A 3iEH4]
& ThE9] A1 o] 8-5ke] TSR

AChE Xﬁ 6H%(%) =[100 _((Asample/ Acontrol)] x 100
O]U—H, Acontrol‘w% EH}—E‘P’] ‘;9:1‘76]-}12—, Asa.mple‘w% /\]—1‘:'1%9’] gﬁé—Eo] E]f

8. Butyrylcholinesterase (BChE) X{sH &

BChE®] #4842 Ellman 52319 Wil whet
butyrylcholine iodideE 7|32 AR5} 2 BChES] 71
Ha|2 A4 thiocholines DTNBL} 8H-A1A 11 A3} A4
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&= U2 405 nmell A S EE S8 =, 96 well
microplate®]] 100 mLe] BChE assay buffer (0.1 M Tris-HCI,
pH 8.2), 10 mL¢] 0.5 U/ml BChE (dissolved in assay buffer
containing 10% glycerol) 9 0.063 ~1.0 mg/mLe] F == 3]
AE 10 ML A SE 7Fotal 420l Al 104 &<k 2 Hl g <
10 mL2] 10 mM DTNB&} 100 mM acetylthiocholine 5 mLE
71l 28 52t WES-A171 3 microplate reader (SpectraMax
340PC, California, USA)E ©l-8-3t°1 405 nmellA S35
2453t o] W A thAl 9] assay bufferg 7Fet A
control2 galanthamine & 718t A& A RAO 2 /\}%
%01, BChES] Ao /d-& tha o] 415 o]-§-5to] 313t

BChE X1 6“%(% : 100 - ((Asamp e/ Acontrol)] %100
]HH Acontrol‘_‘ EH—J—Q-/] =] o—l—y Asample‘C‘ /\]-u— /] :\%—’1‘16}5:—0] E]—

9. Glutamate S0l 2Jo R MEAIES| X =1t

B A ofi= 3 o] FEXSIA|EE(rat pheochromocytoma)
of| A F-eliet PC-12 Al 325 ARE-8HSITE. o] Aol A7 474l
ZHnerve growth factor, NGF)& Ae]sld AZHEZ 25
2olol= EAC R I8) 417 w3ke] AR de| AR

1 tH24]. Glutamate©] 23l PC-12 Al=of S5 EAlo]
OREZISH A AHAA 9] ek} J4Fmo] ofsf oA|==
AH-L- Ma 52519 S HE sk 81Tt 10%2] FBS

7} 47 RPMI-1640 HiA] o] PC-12 M35 5% CO.2} 37°C
o] 274004 3% ket &, 96-well plated]] 1x 10 cells/well
L2 BF6lo] 24 A7 uljoket o2, glutamate”} 10 mM &
=  HiR] ol A 12A17F vl =/ -3 F vt
Ao ek A 2=0] 247} 5, 10, 20, 40, 100
mg/mL 5 =2 7F vz of| A 2447t vioFsIATt Bk &
81215 A A8k 100 mLe] DMSOE A g]ste] MTTE &-3f st
% microplate reader2 570 nme] =0 A Z7sf) A 2L2]
s = el i

10. Nitric oxide (NO) 244 Xsll &t

2RISR HehE ) A4S 92 NOL A4 A
S| BI= Ryu 5126019 WS o]-8-to] Z4J513ich DMEM
1 2] 7} S0] 9= 96 well plated]] RAW 264.7 A|ZE 5% 10°
cell/well2 BEF3to] 12417 vl 3 nfEA oAl 2255
0,0.5, 1.0 % 2.0 mg/mL9| F=& Hfs}al 147k 43t &
LPSE 1 ug/mL 5= & H7sto] 2447k S0t vjoksteic).

F > AAZH 100 uLE 3 > 57F9] Griess reagent
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(Sigma-Aldrich Co., St. Louis, USA) 100 uLE Hof Jafo
200 pL === ofal A0l A] 10 B2 FESAI] 3 2348

] 9FS microplate readers ©]-8-3F4 540 nmolA SFEE
ZH3TE NO9| k= oFEAIA(NaNO) 2] F 5 2

A1 ol gefo] elgict.
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11. Carrageenan0i| 2ot 2ER4 5l IES =4t

215 ] 5 vl g4 B2 k= A HS Winter &
(2719] Wil whet 4=38stqint. Ae] A el =210, 5, 15,
50 mg/kg FE9] HFEXREHA =253 0.5 mg/kg =9
indomethacing vt 2+ 0.1 mLA @22 Slhipo] 3
AFSEIL 304-0] 7Tt 9 1%2] carrageenan &2 95 2] A
HFabero] 0.1 mLA FARSHRIL 2 Aol M2 ot & 212t
sue] o] 322 AL BIIT), §HIE HIk= Zk7ko] nfE A
Al Heke %53} indomethacing FFAFSIAL carrageenan
< VIR Fold 39 [ vige] A7 §Eo 4%
plethysmometer (MK-101P, Tokyo, Japan) & 273 3}o] -3}
k. AF9] S violl 71941 carrageenans U]
& 002 3131 529 -2, 4, 6AIT0] At - Fgo oJaf 57}
SF 5ol 84 7170 A o = S40k] thao] Alof] 9
Sto] Hg0] Z7HES ARSI

I

ﬂ.l

3%7 ]‘%(%) = (vt _vn)/v nX 100

ViR 3 A AR 3] 5] 6
Vie Y A% ske] §
12, £71 %2

AT 33] o)A Wi 4
mean+S.DE eItk ZF Al 5 5 of] tet EA14 72
A2 2t vjwste] Student’s t-test (SPSS PASW
Statistics 18.0, SPSS Inc., Chicago, IL, USA) ¥, P<0.05 45

oA BAHOE ol gl ATbE A

21
1.8 22z X S0 o

UREAZE A A ST} 5 52| 5 Sel
L Zofu o] o] A9 2 el HTable 1) vhet



Table 1. Total phenolic and flavonoids content of methanol and
hot water extracts from fruiting bodies of Phellinus gilvus

£ . Phenolic Flavonoids
xtraction
Samples ield %w/w) content (mg content (mg
y ° GAEs/g extract) QEs/g extract)
Methanol 10.3 31.37%£1.69 6.17+0.57
extract (N=3)
Hot water 6.2 20.27+1.27 17.33+0.85

extract (N=3)

The values are means+SD (N=3).
Abbreviations: GAEs, gallic acid equivalents; QEs, quercetin
equivalents.

120 4

OFr.MeOH

100 1 /= FrHW

80

60

Cell viability (%)

40 -

20

T T T
Control 50 100 500 1000 2000

Concetration (pg/mL)

Figure 1. /n vitro cytotoxicity against RAW 264.7 cells at different
concentrations of methanol and hot water extracts from fruiting
bodies of Phellinus gilvus. The values are means=SD (N=3).
Abbreviation: Fr.MeOH, fraction extracted with 80% methanol;
Fr.HW, fraction extracted with hot water.

mg/g O & et wheh ieks 352 A5 5=l vl

=
= =
O e g FE=o) S &=l Hlsy oF 2.89H w9k

2. RAW 264.7 M2 =4

OFEX1ISH A AR 2] HghEat B4 Eo] 32 fi4]
AJ3EQT RAW 264.7 Ml E2] E&] vX|= B3 15|
Aol Wit G4 FEES 50, 100, 500, 1,000, 2,000
ng/mLO] = RAW 264.7 Al2£o] AH2]stal MTT W< o]
oto] Ao AEEE 2ARSIGITH A A3 RAW 204.7 Al
FE50~2,000 mg/mLe] HEhE: FEE SEoA 103.50~
62.63%2] YEES BAI, FU TR g FEES
105.57 ~66.17%2] Z-8-8 B hFigure 1). WaebA] Heke
7} G4 325 50 mg/mL2] 5ol A RAW 264.7 Al E2] A&

Lo] X 100% o|Ao R UehA ol - r o] 2ZEe
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******

ase inhibition (%)

Xanthine Oxid.
~
° =1
_ H
%
*
*
L}
*

05 1.0 20 40 80

Concentration (mg/mL)

W Fr.MeOH OFrHW O Allopurinol

Figure 2. Xanthine oxidase inhibitory activity of methanol and hot
water extract from fruiting bodies of Phellinus gilvus. The values
are means*SD (N=3). **P<0.001 vs. allopurinol group.
Abbreviation: Fr.MeOH, fraction extracted with 80% methanol;
Fr.HW, fraction extracted with hot water.

RAW 264.7 A|E 2] ZA1& 2A8M= 43712 B9 o1 2,000
mg/mL ol A RAW 264.7 N2 AJE&-E 217} 62.63%2}
06.17% Vet 559 557t 571kl wheh RAW 264.7
A2 g2 7 F ke 9|24 0 2 7hAs1oitt. wheha] up
EXEHA A 558 ]88 RAW 264.7 Al £2] nitric
oxide (NO) A8 Al Ao A= F5& 5% 50~2,000 1

ol st

3. Xanthine oxidase (XO) X{sH &

XO sanof et upEX S A A o] WiehE ) d4aes
L] 234 A¥ A31E Figure 20 FAIBHITH Hghey
43250 % 0.5~8.0 mg/mL HY oA X0 tigt
A k= 7H2F 28.60 ~86.20%%} 36.53 ~97.07%= LFER]
£9] =1 W9] Yol A 9] oAt 2+ allopurinol ] Ao}
89.67~97.33%°1l B3l f-oloHA okttt 4355 55 8.0
mg/mLeJlA 2] XO A8l Ea= allopurinolof] B]sf) 2 Weko.

AR fele figict

4. Acetylcholinesterase (AChE) XsH &

TR A A A 2 wehEat H432E9) AChE i4
of t gt Ao FEE] F5 0.063~1.0 mg/mLo A =
3Jste] 71 A3 Figure 300 FASIITH AU+ 55
HefollA gkt G4 3559 AChE AsiddL 27
79.33~96.17%2}59.67 ~89.33%= FEh} Y &5 ol Al
o] oAt 24 galathamine 2] 86.33 ~97.67%0l| I8} 2+ %
oLt wighs =559 AChE] Higt A¢f 42 0.25~1.0
mg/mL 9] F&olA 93.73~96.17%% Y xRt
galanthamine 2] 94 ~96.67%°l| ¥]8f) 2+ ¥ekout 541491

frelge gl

—~
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A 100 B 1w

AChE inhibition (%)
BChE inhibition (%)

0.5 1

0125 0.25
Concentration (mg/mL)

@FrMeOH OFtHW  WGalanthamine

120 4

O Fr.MeOH
OFrHW

80 +

60 -

40

PC-12 cell viability (%)

20 4

10 20 40
Extracts (Mg/mL) + 10mM Glutamate

Control  Glutamate 5 100

Figure 4. Inhibitory effect of methanol and hot water extracts from
fruiting bodies of Phellinus gilvus on glutamate-induced
cytotoxicity in PC-12 cells. Values are means+SD (N =3). ***p<
0.001 vs. control group. " P<0.001, *P<0.01 vs. glutamate
group. Abbreviation: Fr.MeOH, fraction extracted with 80%
methanol; Fr.HW, fraction extracted with hot water.

5. Butyrylcholinesterase (BChE) Aol &4

HFEZEH A A 9] Heheat J4=35-52] BChE| tf
S ASLAL 0.063 ~1.0 mg/mLe] Foll A 242} 45.17 ~
71.67%%} 44.10~64.33%% Ueh 5 Aot 5% H 9l A1<]
AT 2+ galathamine®] A3l 23} 50.57 ~81.17%°1| 1]}
FeJokAl HtthFigure 4). PFEAISH A 32552] BChES]
et A= A2 w7t S7Fl et sk oo s
A a5 F7Fok= oS YEilth

6. Glutamate =01 2[5 R MEAHES| AX|= 1t
PC-12 Al 30| glutamate S A 2] sto] -5 /o] mExl
A AAA O] kTt 4 220 Aol ofs) A
A= Figure 501 A8} tE RPMI-1640 8 A] o] glutamate
£ 10 mM 5=2 A7Isto] PC-12 A 25 vl &8-S
243 23} 56.67%= UEFY glutamate 7} Glo] viGFet o
Z3-0] PC-12 Al 2] AZ& 100%1 Bl3) 23] Wkt
GlutamateS i A]o]] 27}8}a1 PC-12 A|EZ 124171 wjjoket
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Figure 3. Cholinesterase inhibitory
activity of methanol and hot water
extracts from fruiting bodies of Phellinus
gilvus. A, acetylcholinesterase inhibitory
activity; B, butyrylcholinesterase inhibi-
tory activity. The values are means+
SD (N=3). **P<0.001, *P<0.01, *P<
0.05 vs. galanthamine group.
Abbreviation: AChE, acetylcholinest-
erase; BChE, butyrylcholinesterase;
Fr.MeOH, fraction extracted with 80%
methanol; Fr.HW, fraction extracted
with hot water.

0.25 05 1

Concentration (mg/mL)

71 mcControl
OlIndomethacin 5 mg/kg
80 {1 [Dose 5Smg/kg
B Dose 15 mg/kg

i Dose 50 mg/kg

% Increasing in paw swelling

Figure 5. Inhibitory effect of methanol extract of fruiting bodies
from Phellinus gilvus on carrageenan-induced paw edema in rats.
The values are means=SD (N=5). **P<0.001 vs. control group;
1 p<0.001, "P<0.05 vs. indomethacin group.
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Figure 6. Inhibitory effect of methanol
and hot-water extracts from fruiting
bodies of Phellinus gilvus on LPS-
induced nitric oxide production in
RAW 264.7 cells. The cells were
incubated for 24 hours with LPS
(Tug/mL) in the presence or absence
of indicated concentration of mushroom
extracts. The values are means+SD
(N=3). **P<0.001 vs. LPS treated

LPS (1pg/mL) - - + + + +
Fr.MeOH (mg/mlL) 0 2.0 0 0.5 1.0 2.0

LPS (1pg/mL)
Fr.HW (mg/mL) 0
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H NO= /At zatel vlsf B5 F-of kA W ekekFigure 6).
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ThE ARt 2te] 95 o] A H Fg(edema)e] &

indomethacins 5 mg/kg =& £ & carrageenans 5
ARSE R BE 842 FY ARl 14.16~
30.10% 7Fc. o]of whef w2 SHA HehE 5555
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group. Abbreviation: Fr.MeOH, fraction
extracted with 80% methanol; Fr.HW,
fraction extracted with hot water.
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