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Inhibitory effects of Sanghwang mushrooms, Phellinus linteus
strains and Phellinus baumii, on platelet aggregation
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ABSTRACT: The fruiting bodies of Sanghwang mushrooms, Phellinus linteus HN1009K (PLH) and Phellinus linteus (Korea
Sanghwang, PLK), and Phellinus baumii (Jangsu Sangwhang, PB), were extracted with 70% methanol. The methanolic extracts of
different concentrations (5-200 pg/ml) showed inhibitory effects of 20-95% on plated aggregation induced by collagen (2.5 ug/ml),
ADP (10 uM), and thrombin (0.1 U/ml). The PLH, PLK, and PB extracts (200 ug/ml) reduced ATP release from ADP-activated
platelets by 50—60%. These results suggest that the methanolic extracts from Sanghwang mushrooms inhibit platelet aggregation.
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ZAEZHA (Phellinus) <ol &&bs ol AL (P linteus)S BE-S 7FAEA R slo] A He)7}
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okl okEla 3yl B3 HUth(Daniel, 2010; Kang et
al., 2013).

Al fa ke o g opImAlS A ske] oF
ZaAs B slo] go s AgHom HdF
= AFA Filr AR ATE 3 sloigit)
a3y AR AMEA s kst BE 5 JR|EER
I} opeFst AR o] @A Al ZFol7t bt (Kang er
al., 2013). Q1FAuol o]k X|&2 o] QP2 AFAA] A
srol Aol o] Tk FHIFHAA w9
S8 & 4 itk @A, SulelA A= s A
FHAL P linteus (PLKABANEN P baumii (PB, %
T4l AR R FE 55 Ho Utk a2y
PLK®| 7= AFAm 7} vl 7hchEal P84 AjLtol
o9 FEE skl E Astato] Bar Ajujr) v A
HE& PBE 2 Aistal vk, 2 HAujolA FAMIR
o] w2y zpAAFAel B HE P linteus HNOOK9
(PLH)7} ®.350] P linteus®) 4% Aito] 713
H0oH (Min ef al., 2016) KACC93057PHFHOoE &
371 # v} Q.

e W, A mAER e A 5 w8714 o
L oMz @Ay g = qlom ) thE Al AEAA H3
¢ TSI Ao HAME doT]e -
2183t Agko|t}(Mustard and Packham, 1970). &2 3k
o] o3} X 5ol FEATA, F-&A, FHE A
A538t7] 915 dHd8aiAl Sol AR Uk ey
A<l g aw AAQ] ofAvde gk HojuA|RE
AFH 28 L33 AY 5o FEES doUH(Kim
et al., 2013), @2e] T3 S 9 FA 2719
2238k 938-& 3t} (Couch and Hassanein, 1976). &4
2 3 &3 A S HFe AEE s, ST
Sls-olu i &da) -2 WA gE| oA 9] FaolA =
dago] Felle] =& HAY, o8 7] AR A=

o}l d 4ol A EH]E ADP, thromboxane A2 (TXA2)
ol o8] it o] doubA Erh (Nieswandt er
al., 2005).
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o} Ax AAAE 7]2 100 meshE 22 3} s1Th.
FEHANEE 10 g2 70% H e 500 mloll E33kaL 16

7F50r Aol A 150 rpm & XEPHA 2 83T}
HEhE FE2AS AT EES7]NA SLAIT| AL FES
£t AZXES 35 slo] 0-200 pg/mle] g Bt 5

zo] BoisY o ZHE venipunctureE T3 B A
d 8 mlE 1 ml citrate phosphate dextrose solution
(CPD: 90 mM Na,C,H;0,2H,0, 14 mM C(H;0,-H,0,
100 mM NaH,PO4-H,O, and dextrose 2.55 g/100 ml)<}k
5 oIiTh. B WES 170xgolN 77 AAle o
o el Aoyt {34 ( platelet-rich plasma, PRP)
Astol 120xgel M 727 94 Felstel HPT Y
A ASFHTE. CPD solution’d &2 A AL 4TS
w237] flsted, PRPE 350xgolA] 1087 Y4ldelst
of AHE Y4B Tyrode buffer (137mM NaCl,
12mM NaHCO,;, 5.5mM glucose, 2mM KCI, 1 mM
MgCl,, 0.3mM NaHPO,, pH 7.4)°14 10°ml¢] SE=
z74 st ARG sIATH

o

gHams 4

A HEEFEES TEEE 410 ml)dl 28
7+ 37°ColA AAE stal ot 35 EA (collagen
2.5 ug/ml, thrombin 0.1 U/ml, ADP (10 uM)E 7}35}]
250 g2 stirringdlHA] 537 WESATA P49 SF9A)
T &4 st @4A3-83S Aggregometer (Chrono
Log, Havertown, PA, USA)E o]&3le] =43t}
Had A FALe FE aggregation (%) o
ZT(A)LR, FHA HeEe FEE AE T =9
aggregation (%)& AT (B)2E ste] tha AlRtA el w
2k Aal& (%)= HeEH AT

A-B

Inhibition (%) = A

x 100

ATP release &2

Luciferin-luciferase®} Adenosine triphosphate (ATP)7}
HH-S-5t w] T AYSHE luminescence® ATP releaseS =4
stttk dAas 37°CelA 387 200 ug/ml FEC]
PLK, PLH, PB W§rE F&&5 A A s}l 10 uM
Adenosine diphosphate (ADP) )& 7}ale] 5E7F wh-3-2
FEg & AT R ASHE FHat] EA00 A3
T}. ATP release= ATP assay kit (Biomedical Research
Service Center, Buffalo, USA)E AF&-3}] luminometer
(GloMax 20/20, Promega, Madison, USA)Z =73}
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Fig. 1. Inhibitory effect of methanolic extracts from Sanghwang mushrooms on collagen (A), ADP (B) and thrombin (C)
induced platelet aggregation. Platelets (10°/ml) were preincubated with or without a the extract in the presence of 1 mM CaCl,
for 2 min at 37°C. The platelets were activated with the indicated concentration of collagen (25 ug/ml), ADP (10 uM/ml) and
thrombin (0.1 U/ml. Light transmission was recorded on a Chronolog 2 channel aggregometer. The aggregation reaction was
terminated at 5 min and the percent aggregation rate was determined. Each graphs show mean +SEM of at least 3 independent
experiments performed. PLK: Phellinus linteus (Korea Sanghwang), PLH: Phellinus linteus (HNOOK9), PB: Phellinus baumii

(Jangsu Sanghwang)
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7171 thromboxane A29} 72 A&

©] Phospholipase CE B/J3FA|A, diacylglycerolZ}
inositol triphosphateE A3l s, ©]= protein

kinase Co] &/dsto} MxW Zge] S7He 742t 7
. Fepllo] iyt ol FAEHA =W, Al Euyie] 2
Fo| F7tstar, AlERYo] watH, ADPY TXA2 59
27} 2 EhJennings, 2009 ). §-2F ADP=
H d439] dense granuleo|A] #H]xo] 4w
of 2= integrino2bp3 & SASIAA A4S SF
th(Davi and Patrono, 2007) T3k F2]E TXA2E
o AEE] e GAo At &

%1+ thromboxane T2

& &3} A7), fibrinogen vWE7} 431
] glycoprotein Ib/Illa <=&-A o] Agsle] I
520l platelet mass7F FAHo=ZH 4TS 7
. olg} 7o), AW ZEhAl, ADP, TXA2 5 thes
AP B S &5l _‘Qj-/\-]pj.ﬂj_r_ Eo|H¢l FaA 9o
G AsAdD7IHE Fsted ZFNE dozl
(Letkovits et al, 1995)

2 AFE S dEHA ANy FJA P baumii (PB,
Jangsu sanghwang), P. linteus (PLK, Korea Sangwhang),
23 P linteus HNOOK9 (PLH) A2 A 2] methanol 3
ZE°] davt $F AARHAE fIste] AR SkSiTh. PB,
PLK, PLH methanol &2 A Zlsly 4% 33
Z71E2l collagen (2.5 ug/ml) , ADP (10 uM), thrombin
(0.1 Uml)®] Aol m& davt 794 a5 2A
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¢} thrombin®l 93] =¥ 4t & S F= ¢
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oA 7+ 7Sl L}E}‘;A}E]- PLK &% %3 PBe €
2% 33 A Aol o], collagen, ADP, 123
thrombin®]] 3] F=¥ 4% 33 WS & o
o2 Ao da 3 A EF= collagenH]
2] EagolA oA a3t 7P w=3keyt ADPAE]
A td s vEeRgTt. §HH, PLHFEE 200 pg/ml
EEA collagenx]2] DaA-EHE 95% ol A Al
Aoy, ADPS} thrombinel] 28k 239l oA g3+
38%, 56%% T2 ASMA #FET 403 35 oA
EH7F ohi oFstAl YERSTHFig. 1). Kim 5 (2013)2
FEAMA AAA 80% NEHEFEES collagen 4%
SXIAA ) gk A EHE =AM v e F
5, 10, 25 mg/mle] F=NA 10%, 35%, 50%<] &
H&HAA ER7F AR 3Tt ol & A
FEHET 1008 o139 X = AR & A7) 3
/}i ]E‘f:% FEE°] Hrh l_’ib oA 23t
o2 Alg HATh A AFlA 525 HAR
] &/\}11]%-4 E FEEY AdEE FEE0 e 4
AA S AL & v Y=t dEkE FEE0] 2ufofA]
3 o) Ekow B3] UMM (Inonotus obliquus
ASI 74006)°8-& F22 A2l 81 %olde] da
T A S vERd AL shlaL vl ALRSE LA
AAA A 51%8F 37%2 TR WAFl WwE Ead
SHAAEA7E XTI SHAT (Park ef al., 2003). L
Hub, WA FE2E9 AFE A7t 7lsHAger & A
7o AEHA FE=e &4 Blavt EvFs SR
P gilvus®ll skl By © up QliEd] vEe FEEo|
A w2 E @i—&%@ $4S HYoa sien &
Chloroform &% 100 ug/mlolA 90% ©]’d<] -3
S YA SIAYL 3k (Chang et al., 2006), ¥ A7)
A vk FEEAE A} fAFe 29E Bl

ool AxE Fst] & wo A #F PLK,
PLH, PB] ¥&t& 55 BF o 77 g2 7|Hes
HNS $HA7)= collagen, ADP, 28] thrombin® 2]
3 FEE SHES o8 I FE EH o= JANXNA
t}. ThrombinZ} ADP®} 72 soluble agonist= G
protein®} AZAH F8A| 2} 7}t Adsted phospholipase
CpE &3t A7l WHE, collagen glycoprotein —’F%
A2} Agste] phospholipase CyE A= A
Hall & uf, o7]oA ARESH Al 7R 8] FEES T ﬁ—éi
& 237t J*ty'-ﬂ-‘”r]%}% ’\V} 3}5’— AUTH 2 04?4 &g
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UT7E A3t HH o]5S EHlsk=tl Rl &&=
ATP, ADP, seronin 5°] ¥¢## <lo](Mustard and
Packham, 1970; Davi and Patrono, 2007) &43to] 24
3k2 o el E granule ¥ ATP release o2 =
A 7Fssltt. granule wH7AE A0 S oA 53
e ﬁﬁkx]a Uehte Aol durzel A%
UTH w2 ARHE A
3 “Xﬂ "13401]7‘1 299 7HE =2 559 PLK,
=5 200 ug/mlE A At 4
4%1 = %zé_d ADP (10 uM)E A3 F AT
releases =4 3I9tt. ADPE ©@E0=2 g Ao+
ATP release’} 9 uM7HA] A< 319124 PLK# PB &
E2 ATP releaseE 2.5 uMZE 74 A|FA ADP F A2+
o} A5l a94= HoH PLH F5E% ADPE
¥ FATe] ATP releases AW o A AT (Fig.
2). |5 Al 7FA] FEE2] ATP release JA| a3 FA
22 A-E Phospholipase C2] inhibitord] U73122
(4 uM)Y calcium chelator ¢I EDTA (1 mM)Xt} T -.4
ot Ao ® yelgth AFH o A vekE =
Eo] Pl ATP releaseE A A7l RS Aete

= A= =
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Fig. 2. Effects of methanolic extracts from Sanghwang
mushrooms on Adeniosine triphosphate (ATP) release from
Adeniosine diphosphate (ADP) activated platelet. Platelets
(10%/ml) were pre-incubated with PLK, PLH and PB
methanol extracts of 200 ug/ml for 2 min and ADP (10 uM)
was added in Platelets and additionally incubated for 5 min.
ATP release was assayed with ATP assay kit (Biomedical
Research Service Center, Buffalo, USA) and detected on
Uminometer (GloMax 20/20, Promega, Madison, USA). Bar
graphs show mean +SEM of at least 3 independent
experiments performed. PLK: Phellinus linteus (Korea
Sanghwang), PLH: Phellinus linteus (HNOOk9), PB: Phellinus
baumii (Jangsu Sanghwang). U73122 (Phospholipase C
inhibitor) and calcium chelator, Ethylenediaminetetraacetic
acid (EDTA) were used for positive controls.



128 73|k - o] - o8

o

uf, 4] dense granule ¥HIE AAA 7= A #H

o] Ikal ALE HUTH
" Q

S A Al FA Phellinus baumii (PB, Jangsu
sanghwang), P. linteus (PLK, Korea Sangwhang), 12|32
P linteus HNOOK9 (PLH) A2 A|2] methanol FE&E2]
4T S A9} ATP release g5 FASHAT.
PB, PLK, PLH methanol +==& A Agstz 4%
SHEZXEQ collagen (2.5 ug/ml), ADP (10 uM),
thrombin (0.1 U/ml) A2]*] 50ug/mlelA] 200 ug/ml &
oA 50%1A 95%2] HATEHAA a7t veld
o ATP release 7748 ¥+ 200 ug/ml 5=14 ADP
(10 uM) A2 Ea3A 60%N4 50%= el
o= Phospholipase C2] inhibitor®] U73122 (4 uM)3+
calcium chelator®! EDTA (1 mM)°l H]3Fe] 20%°]1 =
Al Velsth. B AFE5E d8Al PB, PLK, PLH
B FEE2 AEIAEE S A ke §8% AR
248 7Fs & AR AlE "

&AMl =2

2 A7 FEFAEIE719% 7Y (IPET) 2257
T AE 71N EARY (ZHAH E: 116164-2)A7-2] Lol <]
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