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Effects of Shiitake Mushroom on Anti-platelet Aggregation and
Anti-thrombotic

Gye Yeop Kim, Hyun Woo Jeong‘, Dong Jo Jeong, Hyung Bong Song, Hong Gyun Leex

Department Physical Therapy, Dongshin University, 1:Department of Korean Medicine, Dongshin University

In in vitro study, the anti-platelet aggregation effect of
the collagen induced platelet aggregation and the DPPH radi

Shiitake mushroom extract was examined by measuring
cal scavenging. In in vitro study, anti-thrombotic effect of

Shiitake mushroom extract was examined using the carotid artery thrombosis rat model. Carotid artery thrombosis rat

model was made by 35% FeCls treatment. After that, we
aggregation test, the extract significantly inhibited platelet ag

investigate thrombus weight and blood flow. In platelet
gregation in a concentration dependent manner(p<.001).

Also, extract increased DPPH radical scavenging activity in a concentration dependent manner. Extract significantly

inhibited thrombus weight to compare with control group.

And blood passage time were shorter in the Shiitake

mushroom extract supplemented groups than in control group. These results provide experimental evidence that
Shiitake mushroom can be used to prevent platelet aggregation and thrombosis, then could apply the clinical diseases

such as cardiovascular disease, and so on.

Key words : Shiitake mushroom, Anti-platelet aggregation, Anti-thrombotic
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Fig. 1. Effect of extract of Shiitake mushroom on platelet aggregation.
All values showed mean=SD. Tested by one way ANOVA and Tukey's multiple range
test. Statistically significant compared with control group(+: p<.001)
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Fig. 2. Inhibitory effect of extract of Shiitake mushroom on platelet
aggregation. All values showed mean+SD.
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Fig. 3. Electron donating ability of the extract from Shiitake
mushroom. All values showed mean=SD.
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Fig. 4. The effects of shiitake mushroom on thrombus weight.
Thrombus weight were determined 30 min after FeCls induced injury. All values
showed mean+SD. Tested by one way ANOVA) and Tukey's multiple range test.
Statistically significant compared with control group(x: p<.05, *+ p<.01)
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Fig. 5. Effect of Shiitake Mushroom on micro channel array flow in
rats. All values showed mean=SD. Tested by one way ANOVA) and Tukey's
multiple range test. Statistically significant compared with control group(s: p<.05, **:
p<.01, == p<.001)

2) ARAN E3}
EINA F289 BFe) 38 VAL 4TS 4P
S8l 7 2o B4 AAze] ool BAHE 25, 50, 75, 100

- 242 -

# F73H= A|7FE Micro channel arrary%
e

ok 7 #7he] froAS Lol aal A Qul X Ak
ANOVA)S 4AAst 23 FAEA {3 Aol
(p<.01), AF+AA & gl o w2 77t 2ho] H#AFL2 50
WM zFH mwste] 25 ng/ml F oI F(p<001)ol A fro &
AtolE YEPAT 750l Mtz Hlwste] 10 mg/ml Fo
(p<.01), 25mg/m¢ FoIF(p<.00D)l A 3 =o]E Yelda,
100 o= 5 mg/ml 5 (p<.05), 10 mg/ml F & (p<.001), 25
mg/ml Fo T (p<.001)ell A o3 AFo]& Yebl th(Fig. 5).

29 7}

A

L
>
5
=3
L

hromboxane A; (TXA»)
)

5ol
Zgute]l GPIb/Ma 484
a7t &ﬂﬂ\:‘r”. ol 8to) A=

RERE! /Kga]ﬂ

s
g
>

tjo

>
>
ofo
ol
ol
2
R

o
e
g
e

2

. Mo O oM

L
e o oot i
>

o,

il

2t
Lo

= nZ mt o X of =
QL
rr

b off

(

2
o

o ol

_‘a‘;) Hir

oa w A g7t
m}ﬂ EERIE
R
o £3¢ As

9] galo] Wa g

=22

ﬂ""—-—‘

2l

e o

ok
o 2 o =2

i
9

3
B
&

ﬂﬂ

]_

A

Al (Shntake mushroom; SM, Lentinus edodes)-
e AA &) &dle AEHAeR
|24 3kt #H A% ‘3‘1 443 o, vlo]g 2o

%3, 85t sl s 3y, 25

=N

ol

Y \:hl
]

=
>

Bl

¢

ol
N
off
oX,

=

N

S o
(3
f off g

Iz



£ O Faetn Ao md g Fo) 2
&2 lentinacin (eritadenine)o] $10.™,
2 H B-1,3-glucan?! lentinana A E 9
3 &
71

I =
%3}
3}

3} ergosterol &
HES TaA7e
5 AEARREH &
28 AANT e B0l RuHANG?. RumAle] £4
g7l de Zk GMP (guanosine 5-monophosphate)
lenthionine®] 8= B8 =2 e x| Yo,

E dAFolA= EIHA (Shiitake mushroom ;

= 4% 4 2 A ¥

1=
™
g

n
2

ﬁ

Lentinus edodes) F+&&9] §
FEFS golr 7] 93l in vitro AF A Aggregometer 213
Z3Y3}a1, DPPH solutionS ©]&3 34iksls& -ﬂi}s}?\iq
Fin vivo AP E F3 AENEH FERIE o) 8sto] Ex
43t R 555 GATeEHN I3 #d F3

g3y AN &8 s

)

hq o

rﬂ
o W& -(ﬂ

ox

ape 7%e Yolnt dYoE AFHA wHom
15og
= Verify Now, Plateletworks, Thrombelastograph Platelet

rlr

bleeding time, platelet aggregometry’} 11, A= A

Mapping System, Impact cone and plate(let) analyzer 5©°] 31
t}, ¢] Z Bleeding time 3, 934 FBAA} F
Z3to] o o] FHHA gou, JEL AFEL ofF EFE3}
HolA ¥ e, dA da 75 AFY FAEES
AFEE T, Aggregometer=  Born's
principles AHE-3te WOz A4 7)Folds TASFAY
aspirin, thienopyridines, GP Ib/Illa inhibitors$} Z-& ¢F&e
FEFS Gkt AY, R 9dA £2& AT A8 AMEET
¥ B dAFME Collageng o83t $HE HFEF F
aggregometer A% Ay XIWHA FEES 5 10, 25 mg/ml 9
o

o H|Eo]Zo]a

’

AggregometerE

~

2 AYAe W oE2Ed Muse BE $EdA o
Holg vehon, srd dEhoz AYsHge RolAu

SHAAELE F7I8FATH(p<.001).
AEBAG] Bl B3 M F shube A5 2EY X
(oxidative stress)oll <3t Aoz ME U d4its} wojA o} &4
2H22% (reactive oxygen species; ROS) 2 & F AT (reactive
nitrogen species;RNS) 7te] £ o] 2 d v BAAH= AL
2%, 47 W ROS 3 RNS7} @i, A4, DNA, 383 2
ANEAS FFA 7L, AE F2E HE SEZ FIANZoE
A AT AEE AR dSHES FES TP F
wEn 53], S4THEste BN dstd AEE Ady
(oxidized low density lipoprotein; Ox-LDL)°| 2.3 d&&
Fale Aoz deA JobY. DPPHE bst2d25E Az}
FaE ol AT BAE FAst e &A% o
=, ol o] Aol gojAe 54& zar glof o] At
£ WA Fsle AR H S 34 Y. B dFdAe &
A FEEY s&o we F =
DPPH radicalell &t AAtgolss S 23, 2t7te] w2
A Ascorbic acidell Hlgt] §%= ¢EA 22 DPPH radical 47|
EAE Uehdlen, gzl vsto

7
E5E A5 25 mg/mE F 24%9) %—04%%

nXL

fl
=

THIH TEEYL FeClE ©] &3t Aedd dAS &
uhale] obg o] P G5S Hrshr] 98 AFdugos?), 3
o4 59 A HE 35%9 FeCLE f28 FERHO] &%
< AAste 4R MEA AFdE 228 F e AeE |
FEHAT gt o g AL A F9d ek Ado] fE
H IR 4o 8 2o, FHI o= AP}
fibrin clot®] E3¥ 7} Jld o2 wo} AT, Ao 71 7
2E A BHEHY AAde] Hasa 4% 3 A
A7E AW A ALE AT 5 ol Hagd we g9

Ao Hago] Faghe] ¥A Atk B AFAA 7] B
deo gdA a94F5 B7] Y3 EIWA F2ES FJE3E 2
3 AEA7} 2o vlaske] 10 mg/me T o T (p<.01), 25 mg
/ml FAT (p< 00l A fFeJStA Hashe dr Uitk

g s FAse @ 2 AR (Bat 2
#Hoste] /9 S FAAIIH, EH &44E FHelA
BAAN A8 BS AL FATLEZA A F4A 7]
TS FATGY. B dpdMe FawA F580] 79 &
ol vAe 4TS HESNRY] 98 24 79 dAS HF 5k
gladoz &3 AE §F, Micro channel array flow analyzer

'IQT’O

U, 50 peol A a3 vluste] 25 mg/ml Fol T (p <001)01]/\1
Fo g ztol & VFEFATE 75 ptell A 273 Bl astke] 10 mg/md
T ol (p<.01), 25 mg/m T (p<.001)oll A 23 2po]S 1}e}
Wi, 100 wols 5 mg/ml FoJT(p<.05), 10 mg/ml FoIT
p<.001), 25 mg/ml To%%(p< 001)oll A <) 3 zM YERA T
ool ZAEE T £ o EWAN FZFEL collagen
e ?gﬁﬂ& <A eS| A7) DPPH solutions

3 <t g RYon, Adddoz f=
834 A4S AAATI 2 g el aFE el

—

4 =

E A e 231 (Shiitake mushroom ; SM, Lentinus
edodes) | A1 23} lenthionine A%< 843 3 ¢ IdA
o WA 9IS DolrR7] H3l, in vitro AFA

Aggregometer XS 8313, DPPH solution2 ©]8-3 4k

SlsS BESAY X3 in vivo P T AEAIA TE
E2dS olgsto] EHFAE St dF) 555 BEF 4
o e 22 AES Atk

Collagen®. & $1E frEste 4 S g
Al &3 HGriol A iz vlaste] BE FRA frold A
ol Uetllon, vxd o EJ AA L] FIttE 4
& BT

- 243 -



DPPH solutiong ©]& Pt A 7o) FEo

A Ascorbic aciddl] Hlsle & o= 4__ 2 DPPH radical 2#A
343 Yeoen, 714 £ 2AERS B e Hu ¥
91 25 mg/mlE ¢ 24%2] TS BTk
AEeNEAT FERA FAFAS AT 249 vx2ry
W3k 5 mg/ml FATL FAA] TFAE Ao FHS
UrEMZ] Sk, 10 me/m¢ T, 25 mg/ml T TN T
Aol & e T
HRMNA FrlolMe ZE FRAA U2 Husty &
T EAHCF FFY 559 AolE YEIHIL, 53] 25 mg/ml
FoATA freofdt ApolE e
ool A#R v Fo] Hol FuWA FFEL P4 &
WSS AAAF AL ket a5 o] UEhdoen, AEuEdas F
ERde] ¥He] AV|E FAaA7L RE MNAANA FHA
5% Yehile RS 30T 4 At
el F
B dF7e AAAR 20129 % A1} 7)E2AE Y] Ao
ot FE Aoz olo FA=HYth
IR

. Lefevre, M., Kris-Etherton, P.M., Zhao, G., Tracy, R.P.
Dietary fatty acids, hemostasis, and cardiovascular disease
risk. ] Am Diet Assoc. 104(3):410-419, 2004.

. Mustard, J.F., Packham, M.A. Factors influencing platelet
function: adhesion, release, and aggregation. Pharmacol
Rev. 22(2):97-187, 1970.

. Miwa, K., Kambara, H., Kawai, C. Effect of aspirin in large

doses on attacks of variant angina. Am Heart J.
105(2):351-355, 1983.
4. Korean national statistical office. Available at

http:/ /kosis.kr/ gen_etl/start.jsp?orgld=101&tblld=DT_1B34
E13&conn_path=12&path. Assessed September 13, 2012.
Lol 8. Fhge) 4T AADAYS A BFADo
= 9FA7, Fddistn w53k, 2009.
p, 529 2E%l 459 FasA 2 ADoAe v
3%, 2Adista dishel, 2006.

. Lim, SS.,, Lee, ].H. Effect atremisa princeps var orientails

Z

.

(

=

ox
o
Rl rlr

L

p—

8.

3)

and ccircium japonicum varussuiense on serum lipid of
hyperlipidemic rat. Korean ] Nutr. 30: 12-18, 1997.

. Longenecker, G.L.,, Swift, LA, Bowen, R]J., Beyers, B]J,
Shah, A.K. Kinetics of ibuprofen effect on platelet and
endothelial prostanoid release. Clin Pharmacol Ther. 37:
343-348, 1985.

. Yen, G.C., Hsieh, C.L. Antioxidant activity of extracts from

Du-Zhong (eucommia ulmoides) toward various lipid

- 244 -

10.

11.

12.

13.

14.

15.

16. ¢

17.

18.

19.
20.

21.

22.

23.

24.

peroxidation models in vitro. ] Agric Food Chem. 46:
3431-3436, 1998.

Bano, Z., Rajarathnam, S. Pleurotus mushrooms. Part II.
Chemical composition, nutritional value, post-harvest
physiology, preservation, and role as human food. Crit
Rev Food Sci Nutr. 27(2):87-158, 1988.

Sung, JM., Yoo, Y.B, Cha, D.R. Mushroom science.
Kyohaksa, Seoul. Korea, 1998.

Choi, M\Y,, Jung, T.Y., Hahm, K.J. Cytotoxic effects of hot
water soluble polysaccharides from mushroom, lentinus
edodes and vitamin A & E Supplementation against P388
cells. Korean ] Nutrition. 28(11):1091-1099, 1995.

Blois, M.S. Antioxidant determination by the use of stable
free radical. Nature. 26: 1199-1200, 1958.

Wang, X, Cheng, Q., Xu, L., Feuerstein, G.Z.,, Hsu, M.Y.,
Smith, P.L., Seiffert, D.A., Schumacher, W.A., Ogletree,
M.L,, Gailani, D. Effect of factor IX or factor XI deficiency
on ferric chloride-induced carotid artery occlusion in mice.
J Thromb Haemost. 3: 695-702, 2005.

Yang, S.A,, Im, N.K,, Lee, LS. Effects of methanolic extract
from salvia miltiorrhiza bunge on in vitro antithrombotic
and antioxidative activities. Korean ] Food Sci Technol.

39(1 )'83—87 2007.

FL7, B8, 5. AT FEE) Jdd av 42 ¥
2% $3 ‘21*11] 28 ] Korean Soc Food Sci Nutr.

41(2):168-173, 2012.

Fan, ]., Zhang, Y., Chang, X., Zhang, B,, Jiang, D., Saito, M.,
Li, Z. Antithrombotic of
methanolic extract of aged sorghum vinegar. ] Agric Food
Chem. 57(18):8683-8687, 2009.

A=greladist Wejstud, s, 454 pp 81-85,
2002.

R PRl EAEE
W 9] 9%, ik E nig ol Eﬂ*ﬁiﬁi%ﬁﬁﬂﬁd"ﬂ
@ o gy 28] A, 21(5):829-837, 2000.
Liu, S, Jiang, S, Wu, Z,, Lv, L., Zhang, J., Zhu, Z., Wu, S.
Identification of inhibitors of the HIV-1 gp4l six-helix

and fibrinolytic activities

A, 25, 1999.

bundle formation from extracts of chinese medicinal herbs

prunella and rhizoma cibotte. Life Sci.
71(15):1779-1791, 2002.

Burggraf, D., Vosko, M.R,, Schubert, M., Stassen, ].M.,
G.F. Different
microvasculature after experimental cerebral ischaemia and
reperfusion. Thromb Haemost. 103(5):891-900, 2010.
S, Markland, F.S. Jr. Snake
fibrin(ogen)olytic enzymes. Toxicon. 45(8):1021-1039, 2005.
Mine, Y., Wong, AHK, Jiang, B. Fibrinolytic enzymes in

Food Res Int.

vulgaris

Hamann, therapy options protecting

Swenson, venom

Asian traditional fermented foods.



25.

26.

27.

28.

29.

30.

31.

32.

33.

38(3):243-250, 2005.
Park, M.H., Oh, KY.,, Lee, BW. Anti-cancer activity of
lentinus edodes and pleurotus ostreatus. Korean ] Food Sci
Technol. 30(3):702-708, 1998.

Lee, B.W., Park, KM. Anti-tumor activity of protein-bound
polysaccharides extracted from mycelia of lentinus edodes.
Korean ] Food Sci Technol. 30(3):665-671, 1998.

Park, KM. Lee, B.W. Extraction and purification of
antitumor protein-bound polysaccharides from mycelia of
lentinus edodes. Korean ] Food Sci  Technol.
30(5):1236-1242, 1998.

Ma, S.]J. Effects of the substances extracted from dried
mushroom (Lentinus edodes) by several organic solvents
on the stability of fat. Korean ] Food Sci Technol.
15(2):150-154, 1983.

Cho, YJ, Kim, HAA, Bang, M.A, Kim, EH. Effect of
dietary mushroom levels,

on blood glucose lipid

concentrations and glutathione enzymes in

streptozotocininduced ~ diabetic  rats.
35(2):183-191, 2002.

Kim, Y.S., Lim, CH. and Cho, N.S. Hemagglutinative
activity of lectin Isolated from shiitake, lentinula edodes.
Korean ] Mycol. 30(1):31-36, 2002.

Chihara, G., Maeda, Y., Hamuro, J., Sasaki, T., Fukuoka, F.
Inhibition of mouse sarcoma 180 by polysaccharides from
Lentinus edodes(Berk.) sing. Nature. 222(5194):687-688, 1969.
Ito, Y., Toyoda, N., Suzuki, M. Iwaida. Gas-liquid
chromatographic determination. J of Food Sci. 43(4):1287,
1978.

Morita, K., Kobayashi, S. Isolation, structure, and synthesis

Korean ] Nutri.

of lenthionine and its analogs. Chem. Pharm. Bull. 15(7):

34.

35.

36.

37.

38.

39.

40.

41.

42.

245 -

988-993, 1967.
Michelson, A.D., Frelinger, A.L. 3rd., Furman, M.I. Current
options in platelet function testing. Am ] Cardiol
98(10A):4N-10N, 2006.

Breddin, H.K. Can platelet aggregometry be standardized?.
Platelets. 16(3-4):151-158, 2005.

E., Inzé,

Vranova, D., Van Breusegem,

] Exp Bot.

F. Signal

transduction oxidative  stress.
53(372):1227-1236, 2002.

Sies, H. Oxidative stress: from basic research to clinical
application. Am ] Med. 91(3C):31S-38S, 1991.

Trush, M.A.,, Mimnaugh, E.G., Gram, T.E. Activation of

pharmacologic agents to radical intermediates. Implications

during

for the role of free radicals in drug action and toxicity.
Biochem Pharmacol. 31(21):3335-3346, 1982.

Kurz, K.D.,, Main, BW., Sandusky, G.E. Rat model of
arterial thrombosis induced by ferric chloride. Thromb Res.
60: 269-280, 1990.

524, o], FEY, MYAB. B &4 L dHAS
st & REdoAM fEmimel &% A%, Kor | Oriental

Physiology & Pathology. 26(5):732-737, 2012.

Kang, J.A., Kang, ].S. Effect of garlic an onion on plasma
an liver cholesterol and triglyceride and plate aggregation
in rat basal or cholesterol supplemented diets. Korean ]
Nutr. 32: 132-138, 1997.

Shin, KS., Lee, J.J., Jin, Y.R, Yu, J.Y., Park, ES., Im, J.H.,
You, S.H.,, Oh, KW.,, Lee, MK., Wee, JJ., Kim, Y.S., Yun,
Y.P. Effect of korean red ginseng extract on blood
healthy A
double-blind, placebo-controlled ] Ginseng Res.
31(2):109-116, 2007.

circulation in volunteers: randomized,

trial.



