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Physiological Activities of Extract from Edible Mushrooms
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Abstract

This study was conducted to investigate the physiological activity of extracts of fresh mushrooms. The com-
ponents were extracted by hot water; subsequently, the hot-water extract was subjected to 60% ethanol precip-
itation to yield high-molecular-weight (HMW) and low-molecular-weight (LMW) fractions. Total polyphenol
contents, B-glucan contents, electron-donating ability (EDA), superoxide dismutase (SOD)-like activity, ni-
trite-scavenging activity, fibrinolytic activity, nitric oxide (NO) production, and inhibition of NO production
of the mushroom extracts were measured using lipopolysaccharide (LPS)-stimulated murine macrophages, RAW
264.7 cells. The extracts of Lentinus edodes (Berk.) Singer and Pleurotus ostreatus (Fr.) Kummer contained
the highest levels of B-glucan (33.5% and 25.57%, respectively). Further, the LMW fractions of the Phellinus
linteus contained the highest levels of polyphenols (233.23 mg/g). The EDA of LMW fractions (10 mg/mL)
of the Phellinus linteus and Agaricus bisporus were 80.74% and 51.35%, respectively. Further, SOD-like activ-
ities of the LMW fractions were high as compared to those of the HMW fractions. Nitrite-scavenging activities
of the LMW fractions (pH 1.2; concentration, 10 mg/mL) of the Phellinus linteus and Pleurotus ostreatus (Fr.)
Kummer were 75.95% and 41.05%, respectively. The fibrinolytic activity of the LMW fractions of all mushrooms
showed no enzyme activity by fibrin plate assay. The fibrinolytic activity of the extracts of Tricholoma matsu-
take was the greatest inhibitory activity at 60.4%. Further study revealed that the mushroom extracts exhibited
anti-inflammatory effects on RAW 264.7 cells. The LMW fraction (500 ng/mL) of the Phellinus linteus consid-
erably inhibited NO production (100%).
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% ZEdE §Fs S, AEAd AEAE EE 35t
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e
B Aol A8 Fo| WA (Tricholoma matsutake)S %
EHAEGF)AA Aol ARG oH, AjFolH Al
(Pleurotus eryngir), %% 1WA (Agaricus bisporus), =E}
YW A (Pleurotus ostreatus (Jacq.) Quel), o =€lzlHA
(Pleurotus osteratus (Fr.) Kummer), 3 3XW X (Lentinus
edodes (Berk.) Singer), ¥ oW X (Flammulina velutipes)
2 = &A1Y WP EA T8t AME-SHAL, G A
(Phellinus linteus)2 /3 A ekoll A A|F wrol ALE-3} T

T

AR - A=A

7y MAL 7o) &A% & A FAAx 5o B4 &
B2 o] ARt 28R = Bglucan T
SAGANER AFSEE A, I 9 WA B AR AEA E
g g 3EA £ FEUWHL Fig. 1o Yeldidoh

B-Glucan &2k =3

B-Glucan®] ¥z beta-glucan assay kit(Megazyme

International Ireland Limited, Bray, Ireland)E A}g-3}o]
total glucan®} glucan ©]9]9] & &S F3+ & a-glucan
% glucan ©]9] 9] & & 1] Aol & o] &3t Tk
B-Glucan (% w/w)=
Total glucan (% w/w)—a-glucan (% w/w)

AR S s aofstd, 4749 "]Ef’ﬂ 2% Grks
g7ksted 100°Cll A 2413F 5k 7Hsll A2 F 2 N KOH
o]-g3to] pHE ZAsATh 7FH&ai s 200 mMe]
sodium acetate buffer(pH 5.0)5 ©]-83}o 3|43t & 4
28 3t A4S 100 uLS 3+ exo 1,3-B-glucanase®}t
B-glucosidaseZ=
(Megazyme International Ireland Limited)S 3 7}sled 510
nmol A FF =5 =431 total glucan®} glucan ©]<] 2]
3 FEFE AU

a-Glucan¥} glucan ©]9]9] & & Al5<] 2 M KOHE
23 087 Do) YR FEoM ¥S F 1.2 M sodium
acetate buffer(pH 3.8)2 F7}38la amyloglucosidase$}
Fo] 40°CollA] 302t BHSAIZ]aL, 1§ 200
mM sodium acetate buffer® 7}3}al glucose determination
reagent= A 7}sl 510 nm(EL 800 Universal Microplate
Reader, BIO-TEK Instrument, Inc., Winooski, VT, USA)
A FFE=E S

m{m nN'

A 7}38F 3 glucose determination reagent

invertaseZ

2lu= &

o| =X
=

Z 2|z g S|
Z Z89 59 &FL Folin-Ciocalteu™ (14,15)& A1-&-3)

Freeze-dried mushrooms

Extracted with DW
at 100°C for 3 hrs
Centrifuged at 1,200 x10 g for 20 min

[ |
Precipitate Supernatant

Concentrated in vacuo (200 mL)
Added the EtOH (400 mL)

Standed for 24 hrs (4°C)
Centrifuged at 1200 x10 g for 20 min

Precipitate Supernatant

Dialyed with cold
Water for 3 days (4°C).
Freeze dried.

Evaporated under vacuum,
Freeze dried.

Low-molecular weight
fraction

High-molecular weight
fraction

Fig. 1. Procedure for preparation of the fractionations from
mushrooms.
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A& ZF8-(electron donating abilities, EDA) &3 -&
Blois®] W (16)& H¥ st 2 F2E 2 DPPHel W3t ?
AT ARE SA3 AATAFS Frletad, &, o
F=9 A7 30 pLoll 0.32 mM DPPH &9 (disolved in 99%
methanol) & 180 pL ¥ E3H3F & Aol A 30837 vk
A Z T} o] B8-S spectrophotometerE AF&-3le] 570 nm
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Superoxide dismutase (SOD) FAIEHM =X
SOD FAHHAd 9] =48 Marklund®] WS W &3 Kim
SUNY HHE ol &3t AAletAtt. =, tris—HCI buffer
(50 mM trislhydroxymethyl] amino-methane+10 mM
EDTA, pH 85)F ©|-&3%t pH 852 ZHH Algd& W&
Aot 7zt F&E 0.2 mLa tris—HCI buffer(pH 8.5) 3 mL$}+
7 2 mM pyrogallol 0.2 mLE 7}3}a 25”C°ﬂ A 1087 WX
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1217 &9k kA7 o8 7]l 2% acetic acid 5 mL,

griess reagent(Promega, Madison, WI, USA) 04 mLE 7}

ato] & EFAA 1587 A0 WA F FEBFE7
2 A1gatol 520 nmol A FHEE 24s}e] e o)
AAFS Py 18]3 tlZ = griess reagent T4l
54 04 mLE 7hske] 4719k SUsHA Wk opaat
G 2% 29 A7} AF o}ANG MR K15
At

N @o)=(1--225) 100

N: opd it A8

A: 1 mM NaNO, &0 A| 22 Ar}ate] 1417 vkeA 7
o] FR=

B: 1 mM NaNO; &% ~
AZE A7 Fo) FR=

C AR F2E A9 F3%

HHME5H &M (fibrinolytic activity)
A& FAL Astrupd Millertz9] fibrin plate™ (19)

S FAst A& WA 0.6% bovine fibrinogen 10
LE 10 cm petri dishel] $-& & bovine thrombin 0.5 mL
% A7rstod 1A17F 9t A2l SIAIZ T L E plate
el A8 50 pLE ZAZHA FH AT txzTE2E Al
F4] plasmin(2.5 unit/mL)& AFE-8FATE olu Al&& 50
mg/mLe] FE=5 A3t} o] plateS 37°Coll A 1847
St e F T E] 27)E S48t Fibrin plate™
oA fibrino] 7k Holl whet A7 FH e HAs
#FEE F Jon ol &M vl dA A AUk 17
22 AL S £ WAoo e F lon,
Aol dr e 242 ths Aol wet Alts A
Dimension of zone of sample
Dimension of zone of plasmin

Fibrinolytic _
activity (%)

%100

RAW 2647 cell2 0|26t C

FA3tE M 27 Bulske Ao 2 ¢2lR nitric oxide
(NO)&] 7ol WA= S Lotr 7] $13] mouse T3+
719¢] Raw 264.7 cell& ©]-&ste] NO A= HslE =
A (20039t RAW 264.7 M EE 24-welldl] 1x10° cellZ
EFste] 18417 FF vl ke ok 2 wellell 24 HA A5
50~500 pg/mLE #7}sled 37°Coll A 24A17F 58+ 5% CO»
o] F7IZAOE wigst ATk Alge] tig 2T 2= 500
ng/mL2] lipopolysaccharide(LPS)E *]g]s}e] Hln o2
Ab23lTh wiek 3 A 100 pLE 3<=stal o7)o) &
29| griess reagentE 713 F 158 9 A2 A Uk

o1 540 nmell A &% A8kt

4d Mol 5= &Y

FDTE =X
=—= =

RAW 2647 cell2 0|23 NO
LPSY| 93l &35 RAW 2647 cellZ25-E] NO A4 A
Ao X Z8S YgolR 7] 9s) RAW 2647 Al S
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24-welloll 1x10° cell2 EF3}o] 18A17F B v %3t the S FE&E BYoH, 1 gg “EREIMAIV) 1.46%, oHLE}
7} welle]l LPSE 500 ng/mL-g 23l 20417t wjeksl 3o W A(V) 1.45% &£2o 2 Jehgth LMW HMWe] 3
AE5BLe A AT PBSE A H 3 Fo] DMEM(Dulbecco’s &S vlwdt A7 QoA A3 HANVD-S < 7
modified Eagle’s medium)© 2 n3+sla1 A2 50~500 v, 7 Q)] WAEL ¥ 108 o] LMW #39] F&248
pg/mLe FE=Z 7Fsle] 20417 v & A 100 uLE o] =A YEhgth
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ALg3le] Zbzhe] AR tidt P+ XFAAE JERR L stal FA 3= AT R J9-11). Z+
o, 7t Fo HEX 9 FAAH F2AE p<0.05 FFoNA Xl B-glucan®] &S E W A(VI) 3350% % B-glu-
ANOVA test®} Duncan’s multiple range testol] &J& A3 can $r&o] 71 ko O o F o el HA(V)
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A= 25.57%, 743 A (V) 23.92% <=2 2 et (Table 2). H
i A BE B-glucans F=37]< w4 o€, =5, 4

E R AE Bglucan ol 718t JRSo] AR EAHTI el

AT, TG Jung FEDE AEolHA B 222 B

FETE glucan 82Fo] 032962431 ¥ 181905, Hong 5(23)2 o}

AelFamae] G4 2220 B-glucan T 243202}
3 Rtk B A ol A(IV)e] dlEolHA
A o §A1D Boglucan FES GERRRLSH, obhE TN A
HAD  ng zamale 10% A% o =2 335% B ghican 322
32.63%. Jgolﬂwwn 27 164, LEMHW V) 2624/)9] -

}_x:

NeHA 8ES B FE F ALA EHLMW)S}
2k £ HMW) 2.2 iro] A%
AFatTH(Table 1). 2 B4 4 MW 39

Table 1. Yields of low-molecular weight (LMW) and high-molecular weight (HMW) fraction extracted from mushrooms

LMW HMW
Mushrooms
% %

Tricholoma matsutake (1) 32.63+0.47" 1.06+0.12°
Pleurotus eryngii (1) 17.80+0.04° 2.31+0.14°
Agaricus bisporusb (1) 32.82+0.20" 0.89+0.02°
Pleurotus ostreatus (Jacq.) Quel. (IV) 26.24+0.06° 1.464+0.15°
Pleurotus osteratus (Fr.) Kummer (V) 22.46+0.10 1.45+0.17"
Flammulina velutipes (VI) 27.16+0.03 1.25+0.10°
Lentinus edodes (Berk.) Singer (VI 11.15+0.26" 0.46+0.15°
Phellinus linteus (VII) 3.69+0.13° 0.86+0.07°

YAll values are expressed as mean+SD of triplicate determinations.
YValues in the column with different superscripts are significantly different at p<0.05.

Table 2. B-Glucan contents of mushrooms

Total glucan a-Glucan B—Glucanl)
Tricholoma matsutake (1) 22.99+0.62% 0.93+0.31 22.06+0.937
Pleurotus eryngii (1I) 30.52+0.82 6.29+0.21 24.23+1.03
Agaricus bisporush (1) 8.97+0.21 1.13+0.52 7.83+0.74°
Pleurotus ostreatus (Jacq.) Quel. (IV) 23.30+1.24 1.34+0.41 21.96+5.26°
Pleurotus osteratus (Fr.) Kummer (V) 28.45+0.41 2.89+0.21 2557+0.63"
Flammulina velutipes (VI) 17.94+0.82 1.13+0.21 16.8+1.04¢
Lentinus edodes (Berk.) Singer (VII) 35.05+1.55 1.55+0.00 335+1.55"
Phellinus Iinteus (VII) 25.57+1.03 1.65+0.52 23.92+1.55

})B*Glucan (% w/w)="Total glucan (% w/w)—a-glucan (% w/w).
PAll values are expressed as mean=®SD of triplicate determinations.
YValues in the column with different superscripts are significantly different at p<0.05.
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Table 3. Total polyphenol contents of mushrooms according to different phenolic standards

o Aggd ax 1091

unit: mg/g (dry weight)

Gallate Tannic acid Catechin
LMWV HMW? LMW HMW LMW HMW
Tricholoma matsutake (1) 117240897 572+0.06° 14.35+1.12° 6.85+0.08°  1859+142" 9.07+0.10°
Pleurotus eryngii (II) 474+0.246°  0.37%0.06" 562+0.31Y  0.15+0.07" 751+0.39°  0.59+0.10°
Agaricus bisporusb (1) 9514052  945+0.22° 1158+0.65 1150+0.27°  15.07+0.83% 14.98+0.34"
Pleurotus ostreatus (Jaca.) Quel. (IV)  10.28+0.62°  354+0.03% 1254+0.77° 4.12+0.04° 16.29+098" 5.61+0.05°
Pleurotus osteratus (Fr.) Kummer (V) 1218+0.92"  3.17+0.22% 1492+1.15° 365+0.27" 19.32+146° 5.02+0.34°
Flammulina velutipes (V1) 6.09+0.12°  1.66+0.00°  7.31+0.15° 1.77+0.00° 9.66+0.20°  2.63+0.00°
Lentinus edodes (Berk.) Singer (VI) 7234028  578+0.74°  873+0.35 692+0.92°  11.46+0.44 917+1.17°
Phellinus linteus (V) 233.23+4.31*  17.23+1.23" 288.46+539" 1846+154° 360.76+£6.83" 27.32+0.98"
YLMW: Low-molecular weight.
'Z)HMWZ High-molecular weight.
YAll values are expressed as mean=®SD of triplicate determinations.
YValues in the column with different superscripts are significantly different at p<0.05.
£ Zo|h|s stz 120 1 M Ascorbic acid(Aa)
A 510 A . — O Low-molecular weight
2F &oll FgirHode B2 A EA phytochemical F — 100 1 [ High-molecular weight
x
v ZtRxols, T2 Ajolyd, gl QFEAoL 2 ¥ - a
B9 2 HEARol gtk o5 ZEe B4 3§ O]
ofl 271 €1’} phenolic hydroxyl& 717 W& 315t&0]m 2 -
P 95 2 FYH 48 AUD Q= P ge) 8
_ - S 40 A1
S EZo|th(24,25). B AFolA WA FE2E F Z99 2
Ko}
w

E s 7317 Y3l gallate, tannic acid, catechin®
A BFEAR dF2 At 4zt TFEA

wet wAe) F Felsls gl Rol7k Uehton], w28

AS catechin®.Z AL v 7MY =& FH= 3““*—% b5,
tannic acid, gallate <=2 2 JeElYTh o]|AL Z+ FFE 49
FFTE 59 doR AHE o] &3], AE UE BE

E4 2 F3% Aold o3 AxEta A7EA
GallateZ 7|F2 2 LMW £ &o|M2] & ¥& 3%}%
S AL(VID(233.23 mg/g)o] 7HE & s 7tnon,
Lo g AUV) 1218 mg/g, FoIHA(I) 11.72
mg/g T2 2 YElTh 1 99 MAL 4~10 mg/ge ©Y
3 HE5dEs et HMW 388 LMW £33 1nt}
wo wE daS Yehdon, A3 A (VD(17.23 me/g)]
M EL s FES vHHoH, O ggo g FEolwAl
(IM(9.45 mg/g), TAHA(VIN(5.78 mg/g), EI1HA( I )(5.72
mg/g) 2.2 YEFGTHTable 3). Kim 5(26)2] Aol A3+
WA dFEFE2E9 A= daFo] 14992 mg/g, OﬂEP
°] 43242 mg/ge] FHS HYomH, o=
AEALe} a2} FAl FEo
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Fig. 2. Electron donating ability (EDA) of mushroom extracts
from LMW (low-molecular weight, 10 mg/mlL) and ascorbic
acid (0.5 mg/mL). Symbols are as follows; Aa, ascorbic acid
05 mg/mL; 1, Tricholoma matsutake; 1, P. eryngii; I, Agaricus
bisporus, W, P. ostreatus (Jacq.) Quel.; V, P. osteratus (Fr.)
Kummer; VI, Flammulina velutipes, VI, Lentinus edodes (Berk.)
Singer; VI, P. /inteus. Values expressed are mean=+SD of tripli—
cate measurements. Means with different letters were significantly
different at p<0.05 (ANOVA, Duncan multiple range test). Large
and small characters are expressed in LMW and HMW, respectively.

ehrige] AR, o]n) Wi el FolAt E4
AT Qo) o] MAE WA FHe] AAFATHS 27

S H(16). Fig. 2& Z+z WAA 8 L
S AHEEt HAAFAFTS
R0.74% % 714 =& o
S0l A(I) 51.35%, o= E}F/]H]H(V) 3661/), ZolH Al
(1) 36.04%°] AAEFS et At ske] F sz el
A =& HE FES 7 AEHANDO] 7HE w2 A
s 7o, FFolHAUIDS FoHA(LD) R = &
Fol FRAAT FoMART L AALGHS YER AT
HA FEE gits 47 vE dFgy JAdA=
Cheung @279 A9 Zo] 2 Zds FFS /MK
WAl FEE)A ¢Hg 2 <) DPPH radical ¢A1&4S 714
Y= A9} FASA Y. =23 HMW 282 LMW 231
o d= o] ¥okon AxAF s AL E LMW &

gut @43 B Axed 482 Jehhdeh
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Fig. 3. Superoxide dismutase (SOD)-like activity of mush-
room extracts from LMW (low-molecular weight) and HMW
(high-molecular weight). Values expressed are mean=+SD of
triplicate measurements. Means with different letters were sig—
nificantly different at p<0.05 (ANOVA, Duncan multiple range
test). Large and small characters are expressed in LMW and
HMW, respectively.

SOD At
SOD frAHEHA
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= o AIRE F2 phyto-
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Table 4. Fibrinolytic activity of low-molecular weight (LMW) and high-molecular weight (HMW) fraction extracted from

mushrooms by fibrin plate method

LMW HMW

Plasmin unit Plasmin unit %
Tricholoma matsutake (1) NAY 1.51+0.042% 60.4
Pleurotus eryngii (11) NA NA —
Agaricus bisporush (1) NA 1.16+0.11° 46.6
Pleurotus ostreatus (Jacq.) Quel. (IV) NA 0.86+0.06° 34.4
Pleurotus osteratus (Fr.) Kummer (V) NA 1.46+0.04° 58.8
Flammulina velutipes (V1) NA 0.45+0.01¢ 18.0
Lentinus edodes (Berk.) Singer (VII) NA NA —
Phellinus linteus (VII) NA NA —

PNA: Non-active at 50 mg/mL.

YConcentration of mushroom extracts was 50 mg/mL. Plasmin (2.5, 1.25, 0.25 U/mL) was used as positive control.
Values in the column with different superscripts are significantly different at p<0.05.
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