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Antioxidant Activity, Fibrinolysis and Angiotensin I Converting Enzyme Inhibitory
Activity of Pine Mushroom Juice (Tricholoma matsutake Sing.)
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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 biological activities of pine mushroom
juice (soluble solid contents 4.3°Brix) were evaluated using different tests; DPPH radical scavenging assay
for its antioxidant activity, fibrin plate method for fibrinolysis and angiotensin I converting enzyme (ACE)
inhibitory activity for anti-hypertensive effect. Free radical scavenging activity of the pine mushroom juice
was 48.3+2.2% at the concentration of 1.0 mg/mL. The fibrinolytic activity of pine mushroom was about 2
times greater than that of plasmin used as positive control and the activity increased dose-dependently. The
pine mushroom juice inhibited ACE activities dose-dependently and ICsy value of ACE activity was 1.03°Brix.
These results suggest that pine mushroom is a healthy delicacy.
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Free radical scavenging activity

FolF9] &d4tst &4 Gulcin 59 WH(10)S o] &3}
o3 1,1-diphenyl-2-picryl-hydrazyl(DPPH*, D-9132, Sigma-
Aldrich Chemical Co., MO, USA)E A3} &3t
@A 1 mLe 01 mM DPPH" in ethanolell 212} Th2 ke
A 72401, 05, 1, 2 mg/mL) 3 mLE 7}8tit) o] £
2 A3tA Aol Aol 30&zE WA £ 517 nmoll A
FAEE %Atk g H FIAEIL EEFE free
radical scavenging activity7} =t A-S ¢u]slw DPPH
radical®] =& ths Aol wet ALkstach

3 &4-& Astrup®} Millertz2] fibrin plate® (11)
S FASY AFEEAY. WA 0.6% bovine fibrinogen
(F-4129, in 0.17 M borate-saline buffer, pH 7.8, Sigma—
Aldrich Chemical Co., MO, USA) 10 mLE 10 cm petri dish
o] ZA2HA & & hovine thrombin(T-3399, 20 U/mL,
in same buffer, Sigma-Aldrich Chemical Co., MO, USA)
05 mLE #7tste 1A7F &t A2olA A AT &1
H plate $loll A& 50 uLE 2 2=HA FA3AH. =+
25 A5 2] plasmin(194078, 1.0 U/mL, ICN Biochem-
icals Inc.,, OH, USA)& AH&3IA T o|uf A18-9 A8E &
o]%F HAM(43°Brix)S 7|Zo & sto] 10814 3 A s AL
0.8, 0.6, 04, 0281 2 <=AH o7 34ste] sEEE ALL3}
At} o] plateZ 37°Coll A 18417 F<F v 43l & Iytic circle
9] #2715 =338t Fibrin plateH ol A& fibrino] 7}
Ao A Al FHE AHS #EE F Jon
ol A&l sH HgdAd Ak 222 FHES &
4e FHde] o yehd F glom, FolFe 8

| &2 taol Al mat AtetA12).

ol

Fibrinolytic _ Dimension of clear zone of sample %100
activity (%) Dimension of clear zone of plasmin

Angiotensin | converting enzyme A&l

ACE A&&Ae] =4S Cushmand®} Cheung®] spec-
trophotometric assay ¥R (13)2 &3l = Ad. A
A @A YES F4]3}l7] 9l A] rabbit lung acetone pow-
der(L-0756, Sigma-Aldrich Chemical Co., MO, USA) 10
g2 50 mM potassium phosphate buffer(pH 8.3) 100 mLol|

Z 53] 2103 3o 40,000x gl A 4057 QAR E 51
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ACE A&
ture(100 mM potassium phosphate buffer pH 8.3, 300 mM
NaCl, 5 mM hippuryl-his-leu(HHL, H-1635, Sigma-
Aldrich Chemical Co., MO, USA)°l| 0~10 mU enzyme 0.15
mLE 7}Fste] 30&3t 37°Coll A ¥hEA|Zi ot ofuf §h-g-4 o]
Fole ARE 60 L F7HA T AR B
FH4E TRo2 Aledn 4714 A48 ARE ol
%‘— AN (43°Brix) S 71F 0.2 ate] 1004 3|A 8t w5
AF2-54 ) Blanks 498 #7187 A BA 0.25
mL 1 N HCIS #H7}8] ¥e-& ARA 7] & a4298 H7)
sk W2 9 F 025 mL 1 N HCIE #7)ste] vke-
A A A7) 1.5 mL ethyl acetateE ¥ ol& Fof 15%7F
20 900 x goll A 15237F A4 E 23} ethyl acetate =
EZ3dth 8] E ethyl acetate 1 mLE tubed] B2
120°C oil batholl A 1583 &5/ AZAZ Y. Ax7F 24
2 mLo] SRl oAl Zolar 228 nmell A FEEE 373

Attt ACE AZHEE oldle A4 upgl Aakstac).

O rE o tlo nﬂo

S—SB

ACE inhibition rate (%)=1—(—2—25—

)% 100
S: O.D. of sample

C: O.D. of control

SB: O.D. of sample blank

CB: O.D. of control blank

24 1949 (U)E 37°CollA 183
1 pmol& *g&op aio oz

HHL| A hippuric acid
stFom oju oo

G 100% =2 7FF3LA T ICs values A5 520 wWE
ACE JAIZAEE &5-84 IS w50 AZA
she =49 WAL ol gl ANt
. max — min
y=min-+ 1+10[10glC50*X]hi11 slope
HMG(3-hdroxy-3-methyl—glutaryl) -CoA reductase

*ofgy

HMG-CoA reductase A=) S5 $3lA HA
Kleinsek 52 Wi (14)o] we} 44 LAY
TEL 4779 SDAl 4 AFE IFYT o Hl ALSEE

ALSA 370 H-SAI7l Fo AIN-76A diet(Dyets Inc.,
PA, USA)E Fo] 7Lt AF53lilth Aol B 8F=
HF 1140l a3t Hs HEste] FAE ST A=
3t 7HE rat liver 1 g ice cold buffer A(50 mM phosphate
buffer, pH 7.0 with 0.2 M sucrose, 2 mM pp—dithiothreitol
(DTT, D-0632, Sigma-Aldrich Chemical Co., MO, USA))

2 mLE #7}3+ & Potter Elvehjem type glass homoge-

nizer(GlassCol, LLC., IN, USA)Z 15% 7} full speed2 ¥
33k oh 15,000 x goll Al 1083 9 gttt 45
ThA] 100,000 x goll A 7533F 2R st FFAE ¥
I Ao S AANAT olFA 2L microsome
pellet-2 buffer A(containing 50 mM EDTA)E rat liver 1
g% 1 mLA FH7lske] AlF 3k 100,000 x gl A 60F7F €
AR ths A HEgx -20°CollA E#Astth
-20°Co A HA& 241 7oA F7F B33 microsome pellet
S AedA d|FAZ] Fof buffer B(G0 mM phosphate
buffer, pH 7.0 with 0.1 M sucrose, 2 mM DTT, 50 mM
KCl, 30 mM EDTA)E 3 mL/15 g rat liverE 7}3tef 2
st oAl 22 buffers 7 mL/15 g rat liver 713k
Zof] Aol A 156~30% = WA§ ths 100,000 x g, 20°Cel
A 60 ARSI Asds A & BAAC R 3
R ARG A7EA] -70°Coll A B33 T

S HL 1 mL cuvetteo] A& 20 pl(control> DMSO
20 pL), 0.5 mM phosphate buffer(pH 7.0), 20 mM DTT
600 uL, 3 mM NADPH(N-1630, Sigma-Aldrich Chemical
Co., MO, USA) 100 pL, £49 100 pLE LA} ojuf A5
HE FolF ANUIBrix) & 7|FELZ sho] 1082 345}
o FEHEE AT WA 25 3T°CE A SH
A8k oF 1087} pre-incubation 3 %o 3 mM HMG-
CoA(H-6132, Sigma-Aldrich Chemical Co., MO, USA) 100
WLE Fele] BN e At Wl AT} A
o 340 nmol| A 5&7te] FF = WSS 715353t HMG-
CoA reductase®] AIGAFL th3 2o &3t A3t

HE
e

HMG-CoA reductase_ ( 1 T

inhibition rate (%) C >>< 100

T: A40.D. of sample
C: 40.D. of blank

=¥

2 A7 A3 A 4387 Hod 2TUAE AL
331, SAS V8 X2 13 (SAS Institute Inc., NC, USA)S
©]8-3}4 one-way ANOVAE A3 F ¢=0.05 F=Fol A
Duncan’s multiple range testoll 2]3}o] z} A& teo] Ht X
7o) fol s A A

Zot o D

Free radical scavenging activity

Fo]F3 d4H3AIQl BHA, BHT % ascorbic acid9]
DPPH radical?] 8982 517 nmo|A] 359 AAAE

2 A3t e 1 Ay= Table 19 YeERAAT $01F 9]

=27} 1.0 mg/mLY W 48.3%<] 04?‘1]5“3% HIon v
HZ 5 Xg $o]F2] DPPH gt Z &A5S 5571 $71
ol et FEoEH R Frlet= b::]:’% HA gutbA
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Table 1. Free radical scavenging (%) of the different con-
centrations of pine mushroom juice

Table 2. Fibrinolytic activity of different concentration of
pine mushroom juice by fibrin plate method

Concentration Free radical scavenging Concentration” Activity Concentration  Activity

(mg/mL) activity” (%) (“Brix) (%) (“Brix) (%)

0.1 80+2.8" 43%10° 211.6 43x1 1805

pMJ? 05 389+1.3 4.3% 10’(1 82.6 43%x0.8 95.2

1.0 48.3£22 43x%107° - 43%06 95.2

2.0 483+1.1 4.3x% 10’2 - 4.3%x0.4 84.4

Ascorbic acid” 0.1 585+1.2 43x10 7 43%0.2 66.1
BHAY 0.1 91.8+0.5 YUsed the concentrations of sample which were 4.3x10* "
BHT” 0.1 87.4%1.0 2 % “Brix in the first test and 4.3x1, 0.8, 0.6, 0.4, 0.2°Brix

YThe stable free radical, 1,1-diphenyl-2-picrylhydrazyl (DPPH).

YPine mushroom juice.

FFpositive controls. 4)Butylated hydroxyanisole. 5)Butylated
hydroxytoluene.

9Values are means of triplicate determinations * standard

deviation.

o2 & 3284 ¢l ascorbic acid, BHA 2@ BHTE <%
AU zTE AHEsE o 0.1 mg/mLe FxoAM F3%
DPPH e}tz &7%& 247} 585, 91.8, 87.4% = YEFSTh

DPPH radicalS ©]&-3} free radical scavenging =22
ikl A4S SHske o2 WHE vlE) g Ho)a A
Aoz e AZE kel Hhg-o] Yofjuhr] W7ol g 224
213 9th. DPPH radical 2A%o| w& 3413t a3e
DPPH" ¢] 224 2S5 7]28ts Ao 7 o] ot F ol
A 710l ARG 475 ¥HolE o] diamagnetic mole-
Culeo] HH9). Lim 59 AF @A FWAtE SolHAS

FHE BEH535lo At g4 S H]ﬁ‘ﬂ/H—sl_giO W 17

d55 Fol/t vhE F5ol ©
3] ethly acetate @ n-butanol —E* Sl 1 é‘%—% X}%ﬂ Ztﬂ
S B 1 g/mlLe F=lA 47.6~57.3%2 " AL

ol dm _ﬂ o

Z YEhgo A8HA —’—F E59 gtst &Y HEgE
o] A#AA e AFUHNME FTuHAF ZuA
(Volvariella volvacea) %J,} Hee 2 FE53 T g4k}

Fig. 1. Fibrinolytic activities of pine mushroom juice.

in the second, respectively. Plasmin (1 U/mL) was used as
positive control.
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2 M3 FolFo] EHZFnr|A H A= AT
&olr 7] 95} fibrin plate methodE ©]-&3}o] £33k
WA S plasmin® WA ¥w AT} Table 201& 40|
HA LN =E plasminT Hluste] =235 T). $-0]
= el 4.3°Brixoll A ¢ 180.5~211.6% B EE plasmin®l
vla) of 26 A Ee FAE B ow WA 43x10 “Brix
o]3te] FLolME A4S HolA FUTh £ TEEER
325 Aol FolFo] T=IF T Wl TR &
o= @ﬁ%‘aﬂ o] Frtete AES R Fig. 12 &
olFS TEHE gty gz F/FF S plasmin(l

A

Lo

Ny o rulo

Umb)e 2e] 973 g2 4o Mg 5 s
%

A: Plasmin (1 U/mL) and DW (distilled water) were used as controls, B: Pine mushroom juice with serial dilution (4.3x1, 0.8, 0.6,

0.4, 0.2°Brix, respectively).
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938}ed angiotensin 1 converting enzymed] Aa{IAE =
At en, 2 A3 Fig. 29} Table 30 YeRRATE 0]
FS FHEE 843ty ACE AfEAPs A Ay,
4.3Brixell A oF 91.5%¢] A& RPom, 1064 54
gk 750 FE7}F FAe| wel ACE Asj&Ado] fhaste
AFS RIS & 4 JAH Table 39+ 40157 capto-
pril®] ACE AsE&4& s =E S35 ICohats e
I AEE sigmoid curveE 18]7] Y3t 2} parameters
S Uell e, o] parameterdl 7]%3te] Fig. 29 sig-
moid curveZ} $AAE AT 2L A7IA & F dxo] Hlu
OFE 2 AFE-H captoprild] ICs2 45.68 nMo|Rom Fo|F
9] ICs5S 1.03°Brix A= & Yelgth

agQto] WA= 7] 2ol A renin-angiotensin system
2 Gz vl 8% 98-S 3t Angiotensin |
converting enzyme-< angiotensin I °] A angiotensin II &
A stE viA e Ao #stE EA4AZ Angiotensin I
(A-ID= A-T &A1 ¢ Agtetd @ H AN E F24]
713, FA0AE FEAA SE2EHEY FE7 F35 9
Table 3. Parameters of the fitted four-parametric logistic

dose-activity curves for ACE inhibition by pine mushroom
juice and captopril

PMJ” Captopril”
Min" (%) 0.38 0.18
Max? (%) 97.97 97.31
ICs” (°Brix or nM) 1.03 45.68
Hill slope? 8.8555 0.2336
R’ 0.9836 0.9935

The data were fitted by a four parametric logistic model using
the Marquardt-Levenberg algorithm (Sigmaplot 8.0).
Parameter "min equals the baseline of 100% inhibition, Ymax
the plateau of 100% activity. Parameter Cso gives the tran—
sition center. The “hill slope determines the slope of the curve
at the transition center. ICs value of PM] was expressed in
“Brix and captopril was in nM.

“Pine mushroom juice. Positive control.

120

100 -

N b O @
o O O O
. . . .

ACE inhibition (%)

o
L)

)
S

-8 -6 -4 -2

N
o

Log (captoprilz) conc.) (M)

Fig. 2. ACE inhibition of pine mushroom juice in the optimized ACE inhibition assay.
Data were fitted by a four-parametric logistic model. YPine mushroom juice. PPpositive control.
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