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Abstract

Pine mushroom (Tricholoma matsutake Sing.) is an expensive and highly prized delicacy in Korean and
Japanese cuisines with its unique flavor and functional properties. The pine mushroom juice (PM]) was inves—
tigated for its antioxidant and anti—-tumor activities with ABTS radical scavenging method and MTT assay.
The phenolic contents in pine mushroom juice ranged from 1.19 to 54.99 GAEs mg/100 mL at the concentrations
of 1~50 mg/mL. The ABTS radical scavenging activities of pine mushroom juice were 7.0%, 81.7% and 91.8%
at the concentrations of 1, 10 and 50 mg/mL, respectively. The ICs) values of pine mushroom juice were 605.9,
788.4, 583.6 and 232.5 ng/mL on the cytotoxicities against AGS, HeLa, HepG2 and HT-29, respectively, and
PM]J showed the strongest growth inhibitory activity against HT-29 cell. These results suggested therapeutic
potential for pine mushroom juice as an anti-oxidant and anti—tumor agent.
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M B ] B, BAEA Tl A w7hek 2007 d REEA] FAA
R mEw 200630 ez A3 APgEC] 1915 YER
e RIZE T 57148 AEA AHERAE Al A I om MAEE FUFslal AthB). §3] o] A7) 7+
o2 a3 FAZ AAE AEHQ A9 Al A= E ol YA ore Adelen, O oo g Het, et
4 T ABHAE AT &S AT, v IR ek, A FEY 2 ATARYY w082 WA E
ztE =8 - 3183 29l Tl 98 4L E AT EUTE o A AAH VRS Yt ¢S st
(D). BAeE AARA Felgh A48S 7R JA T A58tz st B A7 Ao g Aol gk
BB A FEA, AL, dAEdgo, 2EH X o F2hgo] AoHME £ FUaHAE Tdste A2

2 &5k o] AohE A 9-ole A2, DNA, 1 £9 FAA AT A7t EEstA o] FolA A ATH6).
BE AEFE7} E4E £ el wet AETL 7E HZ HAAFE ToA 7Ied B2 AAstee a7
= @7 HAHY o]e} A F&o oY opn|iiks Ak} o SVt A =shet ¢f, B T Aol tg Ay
AA @i de] 7l AstE 7Pt el Haks £G4 o2 A it EAT e AYEAHAEZE M =
kA7) WEA e, A dd, 3 ke 55 ol lom, O FollXE AW X5 H ool At
doA AW} ¢ ARlo] HY|& g} g AelH 7] UNE JAERZ HAlo] F5 B JoH7,.8). thdet HAF
5] AstEo] ZF AW msle] Ajle] HYE FHrh23). Abolol A &3] o)(Tricholoma matsutake)= 3=, A&,
Adilel AW F F 90%7F EA4kAe #Eo] drka T3 TAY AuF gollA BAEkE A8 H FEHAle R
g A Jdoen, O F e A AAHeE 1 e HA gt o] Hoju Haro] MAlew HFHa vk w3 &
= Ao = sjnitt B AF7F AAst dvkd). vt aed g HAE, FH2EE gA, 8, A3 F

fCorresponding author. E-mail: radog @kfri.re.kr
Phone: 82-31-780-9072, Fax: 82-31-780-9073



(o]
(o)
(@)

thekgk A gado] BaEo]glo] VFAAFE ¢ 9
2 3A F5 92 oh9-13). Fole AFH T Al
Aol wet Ax7b F43] AstE 7] i), A=
Al F 3 ool Fujr} o] FoAXA] ke Fol=
T 3t A3t dot AFole} WEEole T4
-octen-1-o0l9] A zto]& BPO, s A
Fol 7t fltkal H7tE atAth(14). & WEdolut
o] &3l A FHo] $538 7MFAF o] o] F

avlgsh A BT BEG 5 Y ROE

b o
2

o W g

B
it

o

o —
rr
i

200 [ rrd oy
() . Hore b
rin on
.—g‘ o d
o

o ox
r2
By
rr
o
N
r_\;
2
o
tlo
=]
2
%
oft
o
U_°|‘_',
2,
A

i)
rr
of
-
42
oy
2
o
9‘1!‘
of
-
3
o
of
2
o o
=
e

1>

=2

>

)

N
Ol“';\gmlo:?l:'
5 o
ty &

N

> o
offl
ol
ol
£
ot
=
ot

BN ofr met

BTS radical scavenging activity=
AFSIIEE. 2T ol Fe) AT S oA E
Abak LA 9%k, A,

=
assay g °]&% AEx54LPS AR

tlo ot off 2 o
Hoox x

N
it

,d
)
2
iy,
o2,
12
=
55|
N
=2
=
ok
£
—
—

M=

APl AHEE FolFL 007HE BUE FF HFY
AdFolsao 2Ry THld WEHolg AEd F g4
719 g e Fol AAR AR FolF AN T
A B& A8 WA Fe w5 FolFS ARR AR
Atk Folge] 7HA8 NPT FHFE ShrixelaL o) E T
Frrol ABEER sMste] Ao AHEshAT

7171 & Al

A Zu) kel A+-82 RPMI1640(L-glutamine, 300 mg/L),
antibiotic-antimyotic, fetal bovine serum(FBS)= Gibco
BRL(Invitrogen Co., USA) A|&=& AF&3FA T

Aol A8 AleF2 Folin-ciocalteu’s phenol reagent,
gallic acid, ABTS(2,2’-azino—bis 3—ethylbenzenothiazolin—-
6-sulfonic acid), AAPH(2,2'-azo-bis 2-amidinopropane
deihydrochloride), Trolox®, MTT[3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyl tetrazolium brmide] solution= Sigma
(Sigma Co., USA) AF& AMESIAIL 1 9] Aok &+
S AFE3E YT AF AFE3E 7| 7|2+ UV spectropho—
tometer(V-550, JASCO, USA), microplate reader(Bio—
Rad, USA), CO: incubator(MCO-17AIC, Sanyo, Japan),
high speed centrifuger(MF-550, Hanil Science Industrial,
Korea) 5013, 1 9 AFANA ALG3e Y7 T+ES

AF&3H Tk

& iz e 24
Folzo t@ % v FE Folin-Denis $34(15)0]

A - AL -

o|FE - L&A

w2t E45A0. FolFs TRT dHTERE U AR
1 mL¥} Folin-Ciocalteau’s phenol regent 1 mL<S Y3 &3
shof A-2olA 33 AT H 10% SAGEF LM
1 mL& 7}3te] E3F § d20) A 1A17F WA A171 2 700
molX FREE AU T e FFS AFEA
7] Y& EFEZQ gallic acidE 75 o] 943 =

il

ABTS radical scavenging activity

$o)Fo) gk ABTS radical 2784 Van den Berg
59 WH16)S WE st S435Ao 1.0 mMe] AAPH=
100 mM PBS bufferell %<1 25 mMe] ABTS9} 33t &
68°Col g2zl 128 <t §HEAIF T ABTS &9
FEE 734 mmolA FFE7F 06501102 AR HEE =
A3tAth =R 343 FolF A8 20 ple} 980 ul
ABTS €98 37°C water batholl A 1083t ¥H-3-A] 71 A A
734 nmel A 7Haste FREY FrE Zgsgon ol
SFANZTE Trolox® 1 mg/mLS AHEEIE T $0]F 9
ABTS radical &2752 59 2o we}t Aitsth

ABTS radical :(Blank O.D.—Sample O.D.)
scavenging activity (%) Blank O.D.

x 100

MIZHH Q¥

Ao AFEE AA 7Y FHEFE JLAEFA AGS,
g LM EFQ Hela, FFAEZFA HepG2 2 244 ME
9l HT-292 3= M EXFL3(KCLB, Korean Cell Line
Bank, Korea)oll A &% o} A&t BE AT o
g A zu) < vl A= 56°Col A 3087 A 23 fetal bovine
serum(FBS) 10%¢} 3+ A (antibiotic-antimycotic) S &
3 RPMI1640 B A S AR50 ™, 37°C, 5% CO, Bj 7]
A stk o] W v 2~3Ue 3 HA wEso
A el st H A Al AR AT

MIT assayE O|&%H M= MEs Y

MTT(3-[4,5-dimethyl thiazol-2-yl]-2,5-diphenyl tet-
razolium bromide)= 2ol Al E Q] nEZ =g o} Ueto
ZA) 8= oxido-reductased] A ZFgol o] o] B

Ao B84 formazane A3k, o] & &3lq o] wAA

- ©
£E FAER SPPoH dolsle AEFE ASete
ul ol g5E Mol th(17). B ARelHE FolFel 2@
% oEH A A% ANARE BA}AL FIALE

RPMI16408) Z] ol A 72417k v ke 0.25% trypsin-EDTA
2 HEsted AEE ZgtaITo FHSA MESFE 42
2x10" cel/mLe] =7} =2 288 T 96-well plate]]
100 pL/well®) 33131 37°C, 5%, CO, il 7]l A 244 7F
ek & A w kol AR&E WA E A At vl A 90 uLe}
200, 400, 600, 800, 1000 pg/mL ¥ A|2E 10 uLA A7}t
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ATk o]¢F 2ol A|57)F H7ME well plateE 48417 B2t
i Tt gxFol= AlE t4l phosphate buffered sal-
ine(PBS) 10 uL= A7}t 48417 vk & MTTS o] &
st AEEZAE STt o] o, vjFol I‘W’ﬂ 4AXZr
Aol MTTAI S PBSOl 5 mg/mLe =2 =9 & o3
"Harste] A Z3 MTT €9 10 pLA S Z42+2] well plateol]
A7FeE 3 37°C, COl F71 A 4A17F &<F 71 vl kst o
formazan % el PBS ¢+% 9 50 uL9} o] A& &5 A]17]7]
93} dimethyl sulfoxide(DMSO)E Z+ welld 100 pL&
A7bste &3] QA F wRb|E AbESte] 5E7F
At} ©]%, microplate readerg ©]-83} 540 nmol /\1
TE 4%t NEFAHE ZAEIATE o] o SAHE B
Az AEe nEZ=g ol gFH S5 a s
olsf MTT7} formazan®. & AEH & Jehho, H&=3}
Axzpo) v gt F35 34 Al AREE blankoll =
X R 4]l RPMIL640 A% 100 uL 7}ska PBSE
10 uL Frtetddvh. dgEds M23F A& =2 F71eA
own, Aa&o] 50% oldY WE FUAEHI} U= A=
ARG NETS 100%2 st i F AXALES
%733ttt

SAAE|

FJ

of mph T
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oo ok

101'

fr Lo rr

=

]

SAS V8 Z2Is o] &3}
way ANOVA)S 2 A3k & Duncan’s multiple range test°ﬂ
wet p<0.00l FFANAN TIPS AFHReH BE S
mean+SD o2 373+

= Oz st

Hed e A 4
o] shuE sl B @ 24 9l e A gde
Uehdth dubz oz dtst 24S Yehle AL #lsA
shehEo] Agte Aoz dHA g

A 9ew(1819) Faksh &
o) 71l et A BYE AT $olF 5
=¥ F o S 29 2BE Fig. 19 2k FolFe

%‘E‘*‘éi 1 mg/mL°ﬂ/\1 1.19 mg GAEs/100 mL, 10 mg/mL
ol A 11.24 mg GAEs/100 mL, 50 mg/mLo| A 54.99 mg
GAEs/100 mLE YEHTH FolFY s wet & #l=9
= v H oz Frksle AFS EATh Lim 5(20)2
SHEE B3 409 ethyl acetate?} butanol £33 =9
Z e F§Fs AT 445 Bt Fo]9 ethyl
acetate 8 9] Z$-ol= oF 47.3~924 mg/ge] TE== T
&3 T butanol 8L 429~68.0 mg/g AE=FoH
THOl FETE 1 o] FUkste AFE BT 4

o Xu 59 A7CDAAME siFe] EF FE2=] F H=

60

o

50
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Total phenol contents (mg GAEs/100ml)

PMJY concentration (mg/ml)

Fig. 1. Total polyphenol contents of pine mushroom juice.
Mean values were significantly different by Duncan’s multiple
range test (p<0.001). YPine mushroom juice.

TS S A, ARV FEAIT | we) v 7o
zlol= BAoy 40 FEE 1 mg/mLe XA <
1.35~1.68 mg GAEs/100 mLe] 5= & L}EM Hoore)
At g Bk @9, A7t Ale 25l E FEE
AT Ha@22)ddMe 4 FEES

tlo

( L -‘

==
9,] E u-]]h——sLakg 7} Az
%S 1000 ppm®] FEZ 3A5te] S48 A9, F wE
o] ol 12 FE=(80°C)oll A F 263+5.8 ng GAEs/mL
o] ¥ele TEE Yeuth ol FolF T #HE Tl
vl of 20w 7bE =& FXE 7t Flso] ko] w9
03 BuEAnk 3 Kim 59 A7@3)dA= U £
5 39 A8AE 55 U F vz FEFS AN
om, O ARE Fwf thF, w3} BRI, AMx 9 3T
So] oF 103~144 mg/g AEZ $0]Z7 §A3 439
Z A F§FS IS ¢ 7 Ao

ABTS radical scavenging activity

ABTS radicalS ©]&3F 341359 =4 potassium
persulfate$}2] w0 23] A= ABTS free radical®] 5
E= o] ksl E-ol| o8 Al A= ] radical S A
HEAo] gAE= AL o] 83 WHOE Van den Berg
9 ““ﬂq(lG)% HYPst] S AT FolFe] v=4E &
359 24 ZAFA<= Fig. 29 #2oh $0)FY v5ER 1
mg/rnLOH/ﬂ 7.0%, 10 mg/mLolA] 81.7%, 50 mg/mLell A
91.8%2] ABTS radical &A%& eI AT 283 44
279 Trolox®2] 4<% 1 mg/mLe] XA 936%2] A
A HeElfo] FolF9] T=7F 50 mg/mLY W] &A%

rl ot o

3 W%d FURE e Jeilt. B3 FoFe) FE7t
2HE5% GURAE FA%E TS RFon BEd

wEt fol g ol & JER AT AR (13)ANAE FolFY
DPPH radical &A%< 43 27, $°]5F 1 mg/mL9
FTLoA FAHNETOE AR ascorbic acid 0.1 mg/mL
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Fig. 2. ABTS radical scavenging activity of pine mushroom
juice. Trolox used for positive control was tested at the concen—
tration of 1 mg/mL. Mean values were significantly different by
Duncan’s multiple range test (p<0.001). "Pine mushroom juice.

o] kst viszgt Ao
=

Arxe Folg &

£9 DPPH &£A%S S54S 2%, & F5E9 4% 1
mg/mLe] FEAM 15F $ol9 F$ 256%2 2AFS
Hom Fgo] Bl wep AAFo| dolAe BIFS
Bty Rustgo) YolHA A 2 =gl A
Azl #4843 B 11(24)0)| A= DPPH radical 271%

< AREA o2 64 mg/mLe FEoA oF 429~81.8% H=
9 2ATE BY2o, hydroxyl free radical®] 274 %-2 40
mg/mLe] FEA 543% HAE9] giksl A4S HYrt
3t Mau 5(25)2 tiwhell A FdH o2 o] &5 4%
HAS HMeEE FEste] kst g4 SHS A9,
Dictyophora indusiata> Hericium erinaceus> Grifola
frondosa> Tricholoma giganteum®] <0 2 4+ A4S
el lon o] gitsl 842 FH= g JH
PAZ} =ohal BauEoh E£3F Lim 52002 $0]9] 4t
3t 249 FHls 2 SHEEo =/ FEFHe] FuaA
£ &A% 23 of 0.82300014 098779 FAAAE BAth
3G ol B ATGE fAE AR FolFY £
@ 08 BHe F3=Y P Bl Atkn & 4
3l

of

AME B4 AN 5
=8 ol in vitrodl N8l AEEAE TR 9
s 9ok, AFY, e R ARHAGS, HeLa, HepG2 %

HT-29)9] QA A EFE o] &3t AMEAEES MTT
woz zAEAT FolFS 27 200, 400, 600, 800,
1000 pg/mLe] F=7} H == A EFo| Hrlste] 724)7F
Hj ket Sof] YEhd SAE S FATS Ao 1 4
= Fig. 39 YeRf St

A AEF AGSH B FH5E 4P A FEQ

ColHE - We

1000 pg/mLelA 9.5%% YER 212, 800 png/mL &=l
A1 9.8%, 600 ng/mL FE A 47.4%, 400 pg/mL FE A
92.3%, 200 pg/mL F=olA 948%= Vel it thA] &
8, $olF<9 H7F= 1000 pg/mL9t 800 pg/mL &0l A
oF 90%9] A EFAAAEARE Jep AT 22 vt 400 pg/
mL$} 200 pg/mL FEAAE 13 A EZF4 489S
el ATt AEY AlEF2 HeLal 24152 1000 pg/
mLAlA 322%F YehiRem, 800 pg/mL FEo\A
49.6%, 600 pg/mL = A 62.8%, 400 ng/mL = A]
87.1%, 200 pg/mL F =04 97.3%3 JERRA 7+ Al
F¢1 HepG29 Z4]%-2 1000 pg/mLollA 26.1%S JeRY
Aow 800 pg/mL FE91A 45.8%, 600 pg/mL &=l A
47.4%, 400 pg/mL F XA 53.4%, 200 pg/mL &=l A
727%%5 JEPR AT A4 AEFA HT-299 S4)52
1000 pg/mLellA 256%E YR 2 H, 800 pg/mL & =0
Al 26.8%, 600 pg/mL F = A 2929, 400 pg/mL ¥ = A]
37.4%, 200 pg/mL FEol A 525%= el = 1000
pg/mLe}F 800 pg/mL T A oF 80%9] M EZ 2 AA a7}
=2 YR en, 200 pg/mL FEANAE & 50%2] AlE
A EHE YEhf o] & AIFE Hl5) A EEolA
=2 dAEAHS 2A

olelgt AHE ENE A dAEF g 50% JAE
Z=(ICs value)E Al4FeH A3 (Table 1), ALAEZFA AGS
£ 605.9 pg/mL, A3 MEFQ] HeLa: 7884 pg/mlL, ¢
M EF2Q) HepG2e 583.6 pg/mL 2 AAA EF9 HT-
29 2325 pg/mLE ZH7F e o] 24 Fo]Fo Fof
© AGAEZTA HT-2990A4 718 &2 AEFAAAE
345 MRS & F A}gh

dlEo](21), FolHA26) B A FAHAERY S,
AP EFQ AGSO 3 MEZ2 A E = 1000 pg/
mL9] FZolA 2k 70, 50, 68% 2 4°]F 1000 pg/mLellA
90.5%K T v AEZA A a7E JeR At DGR
HA & FE2E9 A, A AEFQ] HeLaol g A2
=2 £ 1000 pg/mLe] FEd4 10% w|uke] e
A9 ZHE JEFAJAT2T7). o], A7IHAl, mu =
HA, 7AW 2 B FE259 49, A ET HepG2
o

g Al S A A & 1000 pg/mLe) FEA oF 40

=
(<)

2 MEFAAABAS UER ATH?21,28-30). S]] A4
Aol A F&3 2 FH7F MEF g Az E5 7
st B33 M= GHEF Sarcoma 1803 HT-299l
i34 0.01~2.00 mg/mLe] FEAA ME=SFE JERU
ol RSt ol B ATollA FolFe] HT-29 Al EF
o &l g a7 e A EFo) vs)] gYdsict= Aol
= dX 3T

o] AnE F33 B, $o)F-2 ABTS radical &7
Fo] 45, ANFAEZT v FEEd S AU 1
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Fig. 3. Inhibitiory activities of the pine mushroom juice on cancer cell growth. Cells (AGS: human stomach cancer cells, HeLa:
human uterine cancer cells, HepG2: human liver cancer cells, HT-29: human colon cancer cells, 2x 10" cell/mL) were treated with
different concentrations of PMJ (200-1000 ug/mL) at 37°C, 5% CO for 72 hr. Cell growth was determined by the MTT assay. Mean
values were significantly different by Duncan’s multiple range test (p<0.001). "Pine mushroom juice.

Table 1. ICs values of the pine mushroom juice towards four
different tumor cell lines

Humun cancer cells”
AGS HeLa HepG2 HT-29
ICso (ng/mL) 605.9 788.4 583.6 232.5
YAGS: human stomach cancer cells, HeLa: human uterine

cancer cells, HepG2: human liver cancer cells, HT-29: human
colon cancer cells.

£ wwt §717} Hold 35t A1EAFel 1ot
29 Sifoleh £ 97E 454019l A5 Ao
$I%S) FE3E ST FAshel g2l

H
A P B 2 GABHS 5

[eRm=

SAsAH F =

2 $olFY F= 1, 10, 50 mg/mLellA 242} 119, 11.24
ol Al 9
) vk A3E B YTh ABTS radicalS o] &
s} %"’“o Alg9] T wet S/, A EFE
mg/mLol A S22 Trolox® 1 mg/mL ?Q_WHS’} H]
3t =5 2] ABTS radical 2755 Ho] 231528 71A
54 AAEA Y ATt Ae 74°§ el FolF9
Tof E dAE FAAAEHRE ZAE A MTTH

%
99 mg GA ES/IOO mLZ o=

H] W
FAF

AFFEE

F 3

ol gatel AEHY AP AN Dk A FAE
W FREAE FoIFE BRI FAREE S

st o ‘F?ﬂ@'% %l’ T 9104‘:} *E“'S] AL EZFQ
%=(200 pg/mL)oll Al
T 50% AE9 Q,*Xﬂﬁﬂ}} o 1“1]9] ICs0 value”}
2325 pg/mLE AlAbE o] FolFS AAGAET el ¢
T FAEAE M A= FRIFHAT. o] ARE
T BE Fo|Foll A 3itkst %L oqdﬂr ﬂo}ﬁb}* Q"’]ﬂ
T AR H o] & o] &gt

N 0"l
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