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Agaricus brasiliensis, belonging to the family Agaricaceae of Agaricales, Basidiomycota, has been
used for edible and medicinal purposes. This study was initiated to evaluate the antioxidant,
anti-diabetic, and nitric oxide inhibitory activities of fruiting bodies of A. brasiliensis extracted with
methanol. The HPLC analysis of phenolic compounds from the mushroom extracts identified 10
phenolic compounds including gallic acid, procatechuic acid, chlorogenic acid, (—)-epicatechin,
vanillin, rutin hydrate, naringin, quercetin, formononetin, and biochanin-A. The free radical
scavenging activities of methanol extract were lower than that of positive control, BHT. The
chelating effects of methanol extract were significantly higher than those of the positive control,
BHT at the all concentrations tested. The methanol extract exhibited the lower reducing power
activities compared with the positive control at the 0.5 ~6.0 mg/mL concentration. The mushroom
extract inhibited the a-glucosidase activity by 54.48% and 78.43% at the 1.0 and 2.0 mg/mL while
acarbose, the positive control, inhibited the a—glucosidase activity by 51.77% and 81.81% at the
same concentrations, respectively. Nitric oxide (NO) production in lipopolysaccahride (LPS)
induced RAW 264.7 cells were inhibited by the methanol extracts in a concentration dependent
manner. Therefore, it is concluded that fruiting bodies of A. brasiliensis contained natural

antioxidant, anti-diabetic, and anti-inflammatory substances which can be useful for human

health.
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(Wasserel Weis, 1999; Um &, 2010).

AW A (Agaricus brasiliensis) e GA - (Basidiomycota)
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Shim 5(2003)2] el whe} 223k Al A 24 o] F
of| 80% WghE2- o8- /g2 FETto] Ao ARSIl &,
50 g9 Al Al AHEA 9] HES 80%2] Mgk 8- H(Duksan
Pure Chemicals Co., Ansan, Korea) 1,000 mLol| 2 & 510 48 A]
ZF B9t Ao A 33] &3l B2 - No. 2 o7A](Avantec
Toyo Co., Otowa, Japan)= o 7}5}3L 40°CollA] Byela cool aca
ca N-1000 37 7527|(Eyela Co., Tokyo, Japan)< ©]-8-5}
o] ZeF FFIATh FHAW Y o9 S AATH] sk
FDU-8612 %7271 %7]|(Operon Co., Gyeonggi-do, Korea)Z ©]

Fofol S >3 B2 Aot
R EEETENER

High-performance liquid chromatography (HPLO)Z o|-&
Sto] AIFHA A 559 Hed e #4495 Kim 5
(2008)9] W< olgste] AT Adol= Alliance®
HPLC system 2695 (Waters Co., Milford, MA, USA)2} Waters A}
9] 2680, C18 column (4.6 mm X 150 mm)¥} DAD detector= At
8o10] §45 0.8 mL/min, ¥ 2% 20°C, F7F 20 pl= 45}
k. o]BARS 0.1% acetic acid7} E3E EFFA) 0.1%
acetic acid”} 223H4 acetonitrile (B)Z A: 92% B: 8%-A: 0% B:
100% gradient2 0.5 B4519 ), #le=4 &E-E9] detection
wavelength H9= 280 nm= 8}9). 0.0, Adlof= 3 20 T72]
standard phenolic compound& AM-31 0 Al g of T-f-4H =
A sfehE-o] A3 AekL standard chemicals] retention time

3} 360 ATEG S vl T2 IS o §3lo] BASG.

4, MIEEHHY

Alslof] AR-SHAYF 2] A A 2] RAW 264. 7+ A2 ghn o
QA A2 3ol A T o of Aj2e] el Dulbecco's
Modified Eagle's (DMEM) HJjZ]£} Roswell Park Memorial
Institute (RPMD) ¥ A5 247} 7] 2] & 3te] 10% fetal bovine
serum (FBS), 100 U/mL penicillin % 100 pg/mL streptomycin
= A71ste] 2AJ810] 37°C, 5%2] CO, B 7101141 3% i sl 3ict.
5. A F=EEQ| ME =4

Al Al AFALA|) 22 2-5-0] RAW 264.7 Al|3Eo]| tfsh Al a2 &4
Mosmann (1983)2] el wheh =358} 91Tk, A|5=7] o] =23 A

EE RPMI-1640 B 2| 7F 235 96 plate wellol] 2 10° cell/mL

O] TR EF0RAL 24A17F vl oSt &, vl A o] A3 e A A 3L
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~

Al 225225, 50, 100, 1,000, 2,000 pg/mL =2 72
O] v A]of| 200 uL 3 7F3te] 48A17t 4 B 3t Aet. vl F ¢
F% MG AASHL Z17+] wellol MTT 8-4(5 mg/mL in PBS) 10
UL 247kskaL, ThAT 37°C, 5%2] CO, H 710l A 4A17T <t Hl
Fsto] MTTE FAIALE. 3-(4,5-dimethylthiazol-2-y1)-2,5-di-
phenylyetrazolium bromide (MTT)2] T 2]3f Z17}2] well
of| FAE He}Aol formazan 24 150 uLe] DMSOE =

SpectraMax 340PC microplate reader (Molecular Devices
Co., California, USA)E ©]-83]] 540 nm IHgoA SF=E 74

sho] o] A% EAS AABLLE

o

6. DPPH 2{C|Z

2,2-diphenyl-1-picrylhydrazyl (DPPH) 2}tz AAEAHS
Blois (1958)9] " 02 S 433t AR g WEE R Ko HF
%15710.125, 0.25, 0.5, 1.0, 2.0 mg/mLe] =52 Aksto] 96
well plate®] ZF2Fe] A|RE 100 pLE FYstaL. sAlol 0.3 mM
0] 200 puL7}h = =5 SFQIT Aol A

1087 ¥RS-A171 & SpectraMax 340PC microplate reader
(Molecular Devices Co., California, USA)E ©]-&3f 540 nm I3
]/\1 ;5_54—1:& _%Xiﬁ].oﬂr,]. DPPH E]—lq ZF Aﬂ @wg /\] = Q_oﬂ p,]

H7Ha BA7RE Aol o] B Ao] % MR Uehlch

a1 gy

DPPH 100 pLE &

DPPH 2}t &7 A(%)=11-Cd7 It 8= /73471 58

5)Ix100

Ijot

7. " 0|2 MAH =t

A o] & A A5 AL Yena 5(2002)2] W of £t 4285}
Atk 71 Qe AguAl 3550| gk} AR oJ3) Fe’ o]
o] A A= o] ] o)A} ferrozine-Fe’" BA| S 3 A8} A] o= A
& 7120 & Slo] ZAIGieh. WA 2 7] s E WAl 2E5E
& 4] sk WAl &5 2.0 mLol 2 mM FeCl, (Sigma
Aldrich Co., St Louis, USA) 0.05 mLE £33} & 5 mM<]
ferrozine 0.2 mLE A7Fste] RESAIZ] F HEhE 2.75 mLE 73t
o] Z§o] 5 mL7} § == 813 vortex mixerE 04810 331
gkt H Optizen POP UV/VIS spectrophotometer (Mecasys
Co., Daejeon, Korea)E ©]-8-5t¢] 562 nmollA] ¥-g-<Ho] S35

ﬁx“}oi O}Eﬂ«l AtAl el ofsf A o] A A5 AAFSESAT
OFAIT) %70 2= Butylated hydroxytoluene (BHTD)E AR&31Ich

Chelating effect on ferrous ions (%)=[(Acontrol~Asample) /
Acontrol] X100
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AlRHAL =259 shdy Aol diet AH2 Gulcin &
(2003)2] B o whet =g stgiet. Al 2.5 mLefl sodium  phos-
phate buffer (2.5 mL, 200 mM, pH 6.6)¢} 1% potassium
ferricyanide (2.5 mLE X F 23S 50°CoflA] 20 7t
incubation®t ¥ trichloroacetic acid (2.5 mL, 10%, w/v)Z 27}
310] 650 x goll A 1057 4] Hajsloirt. Q4lse] 3k Akl 5

mLell 34} 5574 5 mLe} 1% ferric chloride 1 mLE 3713F %
Optizen POP UV/VIS spectrophotometer (Mecasys Co.,

Daejeon, Korea)Z ©]-&3}F0] 700 nmolA T4 =5 24313t

9. a—amylase Xzt £

a-amylase #8fl &4 &7 Worthington (1993)2] ®H-& oF
7F W3gslo] Sestolet, A 2EE(0.125~2.0 mg/mL)} 20
mM¢] phosphate buffer (pH 6.9)01] =0 200 pL <=8]8}aL, 200
uL2] a-amylase 8-4(0.5 U/mL)o]l &&3to] 25°Cof| A 1087+
Ak 3 1% =2 -8 200 uLE 7F8kar 25°Cell Al 3087t v
819t} o] ¥-8-2- 1.0 mL9] dinitrosalicylic acid reagent (1.0 g
of 3.5-dinitrosalicylic acid in 20 mL of 2M NaOH+50 mL
distilled water+30 g potassium sodium tartrate tetrahydrate)
£ 7ste] SAAN & S575 ]lw% 100 mLe] &0 = A 3}
Qtt. 1 3 Hkg-do] EoiQl= Al water bathol|l A 587+ &
Q3 A2o] D i 7hA] A3 & 2FF AR 540 nmell Al S35

w T

£ &40t a-amylase®] /o] A== A= ALK o
R Qeiuke A}8-3kg oM AT RO B = acarboseS
ARE-SFI

10. o—~glucosidase Xzt £

a-glucosidase A8l L3t AH2 Kim 5(2013)2] A% o7t
Hgsto] Sstgiet. 3:2%(0.125~2.0 mg/mL)-E 100 mM|
phosphate buffer (pH 6.9)°]l %01 100 uL <=H]3} 1.0 U/mL2]
a-glucosidase 8- 100 pLofl EFste] 37°Col| A 10423F vk <

71221 5.0 mM9] p-nitrophenyl-a-D-glucospyranoside (pNPG)
SN 100 pLE H7Fsto] 37°CellA] 10871 BHS-AIZ1 3 o] wh-g-of
20 pLoll 545 %713 1.0 mL7}F 94 3143 3 pNPGR 5L
S0} Yo =g XS] p-nitrophenolS Optizen POP
UV/VIS spectrophotometer (Mecasys Co., Daejeon, Korea)&
o] &-8}o] 405 nmoll Al a-glucosidase] A8l B4 =4 31ich.
P 20 2= acarbose S ARS8



11. Nitrite (NO) MM Mozt =X

NO A el aite Holut a5l def A= 59
T A1A1 3291 RAW 264.7 Al 35 Ryu 5(2003)2] Hi o8-l
78815tk DMEM Hi A7} 501 34= 96 well plateof] 1] th 414l
2] RAW 264.7 A|ZE 5% 10* cell/well & E-523}31 124171 v
T AlYHA 32520,0.5 1.0 ¥ 2.0 mg/mLe] =& 1AF
A2l 3t LPSE 1 ng/mLe| F == N efotal 24417 F<Hiq
SFATE vk & 100 pLe] Aol ot & 55| Griess reagent
(Sigma Co., St. Louis, MO, USA) 100 pLE o] F7Fo] 200 uL7}
s sl oA 1027 BHSAIXT & AE NO9 o=
SpectraMax 340PC microplate reader (Molecular Devices
Co., California, USA)E ©]-8-3t%1 540 nmell A Z3=5 S48
th NO9| 5lei= oA o] 3838 pA1S: o] 8-¢ff HLsl3irk
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1. ’Et% |]1-|[h=k| gl.ol-:'o] |=|k|
£ AYH AR AR ] S 2
CHERRLREEE

procatechuic acid, (+)-catechin, chlorogenic acid, (—)-epi-

250 HPIC H &4

FEA|RE gallic acid, homogentisic,

catechin, (—)-epigallocatechin gallate, caffeic acid, vanillin,
rutin hydrate, p-coumaric acid, ferullic acid, naringin,
myricetin, resveratrol, quercetin, naringenin, kaempferol,
formononetin, biochanin-A % 20 57} ARg-% %] 2™, HPLC
443 249 Huy e Fig. 13 2ol gallic acid,
procatechuic acid, chlorogenic acid, (—)-epicatechin, vanillin,
rutin hydrate, naringin, quercetin, formononetin, and bio-
chanin-A 5 10557} A=, 247e] S 12.67 pg/g,
12.62 ng/g, 37.1 ng/g, 0.88 ug/g, 3.88 ng/g, 5.12 ng/g, 25.82
ug/g, 7.5 ug/g, 3.01 pg/g, 3.52 pg/gol o & ke 102.12
ng/gel AtkFig. 1.

15

Fig. 1. HPLC analysis of phenolic
compounds. (A) standard compounds;
(B) Agaricus brasiliensi 1, gallic acid;
2, homonogentisic acid; 3, procatechuic
acid; 4, (+)-catechin; 5, chlorogenic
acid; 6, (—)-epicatechin; 7, (—)-epi-
gallocatechin gallate; 8, caffeic acid;
9, vanillin; 10, rutin hydrate; 11,
p-coumaric acid; 12, ferullic acid; 13,
naringin; 14, myricetin; 15, resveratrol;
16, quercetin; 17, naringenin; 18,
kaempferol; 19, formonoentin; 20,
biochanin-A.
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2. MZ=M

Al H A0 A o] B/ ATHE UEhfl=A] golEy]
Qlof Al H A A 9] HlEhE: 552 25, 50, 100, 1,000 9
2,000 pg/mLe] thoFst = & RAW 264.7 A A o]l A 2] 3t 3
i Fsto] MTT HHS o] 83 AlE] &S AT A
AT} RAW 264.7 Al 3= wehe: 323 25, 50, 100, 1,000 pg/mL
o] FEollA] AEEo] 77 138.33, 143.46, 141.24, 109.24%=
UL i 2wtof] EEo] obA A5 SAAI7 = A Sl
7o 2 Vet 12u 2,000 pg/mLe] ol A= Al o] A&
£0] 55.80%5 LR AHA A 5EE0] o] 54S

el 4 02 AR E QIrHFg. 2).

3. DPPH 2tC|Z A2y

Al WAl WERe: 322520] DPPH 271242 0.125 mg/mL2]
FEollA] 30.38%5 LrEfLt Qg T 2wt<] BHT 2] 96.19%¢1 HI3H
¢ Sokot 1,03 2.0 mg/mLe] oA gtz 47 %50] 7t
7} 94.53%%} 93.54% 5 7} o] F Ut F Lo A ¢ BHTS] 47
gl ulsl) 7Y 2.02%2} 3.43% 2] & 24 T3S B HTHFig. 3).

4, 2 0|2 A =1t

AR A HehE 520 H o] R A AR A A, 5=
9] 5% 0.125~2.0 mg/mL H99] K= FrolA] o tixdte
= A3 BHTO| Hlgl] o9 A7 5o w=A Uetdth 55
1.0 mg/mL&} 2.0 mg/mL9] =0l A2 A o] A A LA 217F
90.95%2F 93.55%% UE} FAtEel BHTS] 60.45%2t
09.84%0l| B¢} A o2 A&7} 2¥7F 30.5%2} 23.71% =] U

200
175 A
150 4
125 4

Ability (%)
b
o 8

w
o
L

N~
w
L

o

0 25 50 100 1000 2000
Concentration (pg/ml)

—e— Fr.MeOH (RAW 264.7) IC50 ----

Fig. 2. /n vitro cell cytotoxicity of methanol and hot water extracts
from fruiting bodies of Agaricus brasiliensis against RAW 264.7
cells. Fr.MeOH, fraction extracted with 80% methanol; Fr.HW,
fraction extracted with methanol.
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B THFig. 4).

U
ot
1o
i

Hghe 228 0.5 mg/mL FEo49] Bele 0.3040]91
o] o A2 BHT $H1e-8-2.65% %101 6.0 mg/mLe] 5%
o A M A EE0] 2 eS 1,549 1 BHT: 2.735 Uehy] 419
HIA AP 520 22 LRt ol A oA T Rt v
o)) w9 EteHFig. 5). whbA] Al H A vehg S5E0] Sl
2 A¥of Ag-¢+0.5~6.0 mg/mL W 2] oA At 2ol

BHT] H]&f] 5 Wkt

6. a—amylase Aol =1t

e 252 1.0 mg/mLet 2.0 mg/mLe FEolA
a-amylase®] tigt 25l &/Jo] 217} 37.11%2 63.55%= UER
A FA T 2T 0 Z ARE-Stacarbose?] B ol A o] A3}

120
OFr.MeOH mEBHT
100 -
£
£ 80 -
Q
3
2 60
£
-]
2 ap
m
L%
v
20 A
0 . . . ;
0.125 0.250 05 10 20

Concentration (mg/mL)

Fig. 3. Scavenging activities of methanol extract from fruiting
bodies of Agaricus brasiliensis against 1,1-diphenyl-2-picrylhydrazyl.
Fr.MeOH, fraction extracted with 80% methanol; BHT, butylated
hydroxytoluene. The values are expressed as means+SD (n=3).
***p<0.001; *p<0.05 vs. BHT group.

100
OFr.MeOH

80 { MBHT
£
E 60
7]
']
£
- 40
]
-
(]

20 1

0 T T T T
0.125 0.25 05 10 20

concentration (mg/mL)

Fig. 4. Chelating effect of methanol from fruiting bodies of Agaricus
brasiliensis. Fr. MeOH, fraction extracted with 80% methanol; BHT,
butylated hydroxytoluene. The values are expressed as means+SD
(n=3). **p<0.001 vs. BHT group.



83.69%%F 89.91%¢1 B3} 212+ A8 =47} S3kth(Fig. 6).

7. a—glucosidase Aol &1}

F%5E 1.0 mg/mLe} 2.0 mg/mLY] E= oA a-glucosidase
of| tht A} &/ o] 217} 54.48%2} 78.43% = el o™, S/ Th
FTO R AN acarbose= T FolA A7 51.77%2F
81.81%2] A3l AIE H I chFig. 7).

8. Nitric oxide (NO) A4 XfsH =t

RAW 264.7 44| az0]] A e Al AR A o] v ehs a2 A
2|3t 3 A5 wil &<l lipopolysaccharide (LPS)E X &|8to]
RAW 264.7 Al 22of 4 NO2 /g o] Asfiel= A& 3okt
AHATLPSE A efshA] e ol A AFAE NO2 5= 6.79
puMo] 3L LPSHE A 2] 3t 9] NO 55+ 42.95 uME HeEh) &
A elste] Hsf oF 6334l 5718 AT, v mghe 5w 1.0

O Fr.MeOH HWBHT

Concentration (mg/mL)

(]
1

Axk Title
=
n
I

Fig. 5. Reducing power of methanol extract from fruiting bodies
of Agaricus brasiliensis. Fr.MeOH, fraction extracted with 80%
methanol; BHT, butylated hydroxyltoluene. The values are
expressed as means+SD (n=3). Values are expressed as
mean*S.D (n=3). **p<0.001 vs. BHT group.

100
OFr.MeOH M Acabose
< 80 A
£
=
2
£ 60 1
2
-
_;mf' 40
£
£
T
s 20 A
o
0.125 20

Concentration (mg/ml)

Fig. 6. a—amylase inhibitory activity of methanol extract from
fruiting bodies of Agaricus brasiliensis. Fr. MeOH, fraction extracted
with 80% methanol. Acarbose used for positive control. The values
are expressed as mean+S.D (n=3). ***p<0.001 vs. Acarbose
group.
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1

N
N
=~

|1

mg/mLe} 2.0 mg/mLE A3t A¥e] NO S
26.32 mg/mL} 324.04 pME LERY A WA HEk 222
1.0 mg/mL&} 2.0 mg/mL2] ‘5= RAW 264.7 A 2Eo] A& 3
o NO Al eko] 7127} 38.72%9} 44.02% 74X 7] = 53l7} 9l
20 2 Ll THFig. 8).

W

rlr m{o tlo 4

Q17 23k AIgE A AAAONA 2
54 SRHE-E Lee £(2014)0] 5014 AHARE 60%2] oE-&
2 o)) 2% 3 ol SRIBE Uk 162,30 ng/eol 200 ¥
S vigrort ZauEe A AARA 333 5 Ay

% 102.12 pg/g®

OFr.MeOH M Acarbose

80 A —

60 A

40 -

a-glucosidase inhibition (%)

20 1

0 T T T T
0.125 0.25 05 10 20

Cocentration (mg/mL)

Fig. 7. a—glucosidase inhibitory activity of methanol extract from
fruiting bodies of Agaricus brasiliensis. Fr.MeOH, fraction extracted
with 80% methanol. Acarbose used for positive control. The values
are expressed as means+S.D (n=3). *p<0.05 vs. Acarbose group.

50
40 A1
3 30 -
o
£
= 20 4
z
10 A
0
LPS - + + + + +

mg/ml 0 10 2.0 0 0.25 05 10 20

Fig. 8. Inhibitory effects of methanol extract from fruiting bodies
of Agaricus brasiliensis on LPS-induced nitric oxide production in
RAW 264.7 cells. Accumulated nitric oxide in the culture medium
was determined by the Griess method. Fr.MeOH, fraction extracted
with 80% methanol. The values are expressed as means+SD
(n=3). **p<0.001; *p<0.01 vs. Control group; " p<0.001; "\ p=<
0.01 vs group treated with LPS.
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ofi7] 9ol Al A AHaA o] et EB N EEG AES
S3slT), A A3} RAW 264.7 AlEo] 258 25~1,000
pg/mL 52 2] P&r uff t2tof] vle] E&o| =7 veht
o] &% HlolAl= Al HAdo] e yehtA] ¢hotal, &9
EEE 2,000 pg/mLE =93 ) RAW 264.7 Al2£2] &0
55.80%% WEFtoH, 32550 s S7HF o wet sk o
F2] 0 & RAW 264.7 A|3E2] *ﬂé%% A A= 7S Bt
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] ZV‘ Al uﬂ gy 054\4%%,] Zgo] 4.0 mg/mL E=
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