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a b s t r a c t

Platelet aggregation in the blood vessel causes thrombosis. Therefore, inhibitors of platelet aggregation
promise to be preventive or therapeutic agents of various vascular diseases, including myocardial infarc-
tion and stroke. In the present study, we found that hericenone B had a strong anti-platelet activity and
it might be a novel compound for antithrombotic therapy possessing a novel mechanism. Prior to this
study, we examined anti-platelet aggregation activity of ethanol extracts of several species of mush-
rooms, and found that extract of Hericium erinaceus potently inhibited platelet aggregation induced by
collagen. Therefore, we first fractionated the ethanol extract of H. erinaceus to identify the active sub-
stances. The anti-platelet activity of each fraction was determined using washed rabbit platelets. As a
result, an active component was isolated and identified as hericenone B. Hericenone B selectively inhib-

ited collagen-induced platelet aggregation, but it did not suppress the aggregation induced by U46619
(TXA2 analogue), ADP, thrombin, or adrenaline. Furthermore, hericenone B did not inhibit arachidonic
acid- or convulxin (GPVI agonist)-induced platelet aggregation. Therefore, hericenone B was considered
to block collagen signaling from integrin �2/�1 to arachidonic acid release. Moreover, we found that

ation
collagen-induced aggreg
platelets.

ntroduction

Platelets play an important role in thrombus formation in
njured blood vessels. However, platelet aggregation is also cause
or various clinical disorders, including vascular diseases. One of the

ajor clinical problems in developed countries is arterial throm-
osis caused by unnecessary platelet aggregation and subsequent
hrombus formation at atherosclerotic lesions causing myocardial
nfarction and stroke (Jennings 2009; McNicol and Israels 2003;
arga-Szabo et al. 2008). Therefore, inhibitors of platelet aggrega-

ion promise to be preventive or therapeutic agents of thrombosis.
Prior to this study, we examined anti-platelet aggregation activ-

ty of ethanol extracts of several species of mushrooms using
ashed rabbit platelets, and found that extract of Hericium eri-

aceus potently inhibited platelet aggregation induced by collagen

data not shown). H. erinaceus is a mushroom that grows on old or
ead broadleaf trees. H. erinaceus has been used as a food and herbal
edicine in East Asia since ancient times. Hericenones C–H and eri-

acines A–I have been isolated from the fruit body and mycelium

∗ Corresponding author. Tel.: +81 22 795 6809; fax: +81 22 795 3847.
E-mail address: nakahata@mail.pharm.tohoku.ac.jp (N. Nakahata).
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was inhibited by hericenone B in human platelets, similar to in rabbit

© 2010 Elsevier GmbH. All rights reserved.

of H. erinaceus, respectively. All of these promote nerve growth fac-
tor (NGF) synthesis in cultured rodent astrocytes (Kawagishi et al.
1991, 1993, 1994, 1996). These results spotlighted the usefulness
of H. erinaceus for the treatment and prevention of dementia. More-
over, we have previously reported that H. erinaceus extract induced
NGF mRNA expression in 1321N1 human astrocytoma cells (Mori
et al. 2008), and that oral administration of H. erinaceus increased
NGF mRNA expression in mouse hippocampus (Mori et al. 2008).
Furthermore, scores on a cognitive function scale were improved
by ingestion of H. erinaceus in patients with mild cognitive impair-
ments (Mori et al. 2009). However, the anti platelet effect of H.
erinaceus has not been investigated until now. We fractionated
ethanol extracts of H. erinaceus repetitively to isolate and identify
an anti platelet aggregation compound. Furthermore, the charac-
teristics of the active substance were investigated in detail for its
effects on platelet aggregation.

Materials and methods
Materials

Fruit bodies of H. erinaceus were cultivated by the Hokuto
Corporation (Nagano, Japan). Collagen (Collagenreagent Horm)

dx.doi.org/10.1016/j.phymed.2010.05.004
http://www.sciencedirect.com/science/journal/09447113
http://www.elsevier.de/phymed
mailto:nakahata@mail.pharm.tohoku.ac.jp
dx.doi.org/10.1016/j.phymed.2010.05.004
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as obtained from Nycomed Pharma GmbH (Zurich, Switzerland).
,11-Dideoxy-9�,11�-epoxymethano-prostaglandin F2� (U46619)
as obtained from Cayman Chemical Company (Ann Arbor,
I, United States). Thrombin was obtained from Wako Pure

hemichals (Osaka, Japan). Convulxyn was obtained from Alexis
iochemicals (San Diego, CA, United States). All other chem-

cals used were of reagent grade or highest quality avail-
ble.

solation of hericenone B from H. erinaceus

The Fresh fruit bodies (8.0 kg) were freeze-dried and extracted
hree times with ethanol (15 l) at room temperature for 2 days to
roduce the extract (52.0 g). The extract was concentrated and frac-
ionated by solvent partition between ethyl acetate and water to
ield an ethyl acetate soluble fraction. The ethyl acetate solubles
20.5 g) were chromatographed over SiO2 using n-hexane–ethyl
cetate solutions with increasing polarity as the eluent. The
-hexane–ethyl acetate (1:3) eluent (845.2 mg) was further chro-
atographed over SiO2 with chloroform–methanol with increasing

olarity. Then the chloroform–methanol (99:1) eluent (69.3 mg)
as chromatographed over ODS with water–methanol to give

n anti platelet aggregation compound (9.0 mg). The structure of
he active compound was deduced by its 1H and 13C NMR spec-
ra.

etermination of platelet aggregation

Fresh blood was obtained from male rabbits (Japanese white
abbits weighing about 2.5–3.5 kg), or healthy Japanese male vol-
nteers who had not taken any medication for 2 weeks prior to
he study. The experimental procedures using rabbits were per-
ormed in accordance with the guidelines of the Institution for
nimal Care and the Use Committee of Tohoku University. All
uman participants provided informed consent and this exper-

ment was conducted with approval of the Institutional Review
oard of Tohoku University Graduate School of Pharmaceuti-
al Sciences. Washed platelets were prepared and suspended
n the Tyrode/HEPES solution (pH 7.35) with a final density
f 3 × 108 platelets/ml as previously described (Iwashita et al.
007a,b). Platelet aggregation was determined by a standard tur-
idimetric method using an aggregometer (PAM-6C, Merbanix,
okyo, Japan), and expressed as the level of light transmis-
ion. The level of light transmission was calibrated as 0% for

platelet suspension and 100% for the Tyrode/HEPES solution
pH 7.35). 300 �l of platelet suspension was preincubated in a
lass cuvette at 37 ◦C for 2 min with stirring (1000 rpm). Platelets
ere then incubated with 1 mM CaCl2 for 2 min. After preincu-

ation with hericenones, or 5 �M aspirin (positive control) for
min, aggregation stimulants were added and platelet aggre-
ation was monitored for 10 min. The value of maximal light
ransmission was used for calculation of the aggregation percent-
ge.

After stimulation by collagen, platelets were fixed by addition
f 15 �l of the Tyrode-HEPES solution containing 20% glutaralde-
yde for the observation by scanning electron microscopy. The
latelets were incubated on cover glasses coated with poly-L-lysine
t 4 ◦C over night. The samples adhering to the cover glasses were
ashed with PBS and dehydrated by increasing concentrations of
thanol (50, 70, 80, 90, and 100%) and t-butyl alcohol. The sam-
les were then lyophilized using a freeze-dryer (ES-2030, Hitachi,
okyo, Japan) and sputter-coated with gold and palladium using an
on sputter (E-1010, Hitachi, Tokyo, Japan). These specimens were
hen observed under a scanning electron microscope (S-3200N,
itachi, Tokyo, Japan).
Fig. 1. Chemical structures of hericenone B, C, D and E.

Statistical methods

Data were expressed as mean ± S.E.M. Significant differences
(p < 0.01) were determined by unpaired t-test (Fig. 3(B)), or one-
way ANOVA followed by a Dunnett’s test (Fig. 2(C)).

Results and discussion

In order to identify the anti-platelet substances of H. erinaceus,
we fractionated the extract by solvent partition and repeated col-
umn chromatography using SiO2 or ODS, and an active substance
was isolated. It was identified as hericenone B (Fig. 1) by spectra
data of 1H NMR and 13C NMR, completely agreeing with previously
reported data (Kawagishi et al. 1990). During the purification of the
extract, we also obtained hericenone C, D and E (Fig. 1) (Kawagishi
et al. 1991). This is the first study reporting that hericenone B has
anti-platelet aggregation activity.

Hericenone B inhibited collagen-induced (3 �g/ml) platelet
shape change and aggregation in a concentration-dependent man-
ner. Complete inhibition was obtained at 30 �M (Fig. 2(A) and
(B)). However, hericenone C, D, and E (100 �M) did not show
any inhibitory activity on the aggregation (Fig. 2(C)). Therefore,
we assume that hericenones containing a fatty acid chain may
not inhibit platelet aggregation, and that the inhibitory activity of
platelet aggregation is distinctive to hericenone B. The anti-platelet
activity of hericenone B may be due to its characteristic �-lactam
and N-substituent.

Platelet aggregation is initiated by several agonists, such as
adrenaline, adenosine 5′-diphosphate (ADP), 5-hydroxytryptamine
(5-HT), thromboxane A2 (TXA2) and thrombin besides collagen
(Jackson et al. 2003; Varga-Szabo et al. 2008). In order to exam-
ine the selectivity of the inhibitory activity, we investigated the
effect of hericenone B on platelet aggregation induced by U46619
(TXA2 analogue) (3 �M), ADP (100 �M), thrombin (0.01 U/ml), and
adrenaline (10 �M) + ADP (10 �M) in addition to collagen (3 �g/ml)
(Fig. 3(A)). Prior to this experiment, we examined concentration-
dependency of these agonists on platelet aggregation, and in the

present study we used the minimal concentrations of these ago-
nists that elicited a full aggregatory response. Adrenaline was used
with ADP because by itself it did not induce strong aggregation of
rabbit platelets. We found that hericenone B specifically suppressed
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Fig. 2. The inhibitory effect of hericenone B, C, D and E on collagen-induced platelet aggregation. (A) The inhibitory effect of hericenone B on collagen-induced platelet
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ggregation. Representative traces of collagen-induced platelet aggregation. (B) Sca
3 �g/ml). (C) Comparison of the effects among hericenone B, C, D and E. Washed r
aCl2 for 5 min at 37 ◦C. Aspirin (5 �M) was used as a positive control. The platelets
ean ± S.E.M. of three individual experiments. *p < 0.01 vs. control.

ollagen-induced platelet aggregation at low concentrations with
n IC50 value of about 4 �M. The IC50 value on U46619-induced
ggregation was about 23 �M. Moreover, the inhibitory activity
n ADP, adrenaline + ADP, and thrombin-induced aggregation was
ery weak (IC50 > 100 �M).

Several collagen receptors have been identified on the platelet
urface. The immunoglobulin superfamily member GPVI and inte-
rin �2/�1 are most notable and essential for collagen-induced
latelet activation and aggregation (Farndale et al. 2004; Surin et al.
008). Both the selective agonist of GPVI (convulxin) (Francischetti
t al. 1997; Polgar et al. 1997) and integrin �2�1 (aggretin) (Huang
t al. 1995) initiate platelet aggregation by different signaling path-
ays. It is also known that several antibodies against GPVI and

ntegrin �2/�1 inhibit platelet aggregation (McNicol and Israels
003; Takayama et al. 2008). Platelet activation via these two
rominent receptors results in the liberation of arachidonic acid

rom the plasma membrane. Arachidonic acid is subsequently con-
erted to prostaglandin H2 (PGH2) by cyclooxygenase-1 and then to
XA2 by thromboxane synthase. TXA2, released from platelets, is a
trong mediator of platelet aggregation (Clemetson and Clemetson
007; Surin et al. 2008). Therefore, we examined the inhibitory
electron micrographs of platelets at 0, 210 or 240 s after stimulation with collagen
platelets were preincubated with or without hericenones in the presence of 1 mM
stimulated with collagen (3 �g/ml). Each bar indicates 2 �m. Values represent the

activity of hericenone B on platelet aggregation induced by arachi-
donic acid and convulxin, a specific agonist of GPVI, in order to
investigate the mechanism of action of hericenone B in collagen sig-
naling. Hericenone B did not inhibit platelet aggregation induced by
arachidonic acid and convulxin (Fig. 3(B)). In addition, hericenone
B did not show the inhibitory activity of cyclooxygenase-1 in vitro
(Mori et al., unpublished observation). These results suggest that
the site of hericenone B may be upstream of arachidonic acid liber-
ation and GPVI is not involved in the inhibitory effect of hericenone
B on collagen-induced aggregation.

Moreover, hericenone B inhibited collagen-induced aggregation
in human platelets in a concentration-dependent manner with an
IC50 value of about 3 �M. The effective concentration was approxi-
mately equal to that observed in rabbit platelet aggregation (Fig. 4).
Therefore, hericenone B may be applicable to prevent thrombosis
in human.
Anti-platelet therapy is currently applied to treat and prevent
cardiovascular disease and stroke, and aspirin and P2Y12 ADP
receptor antagonists such as clopidogrel and ticlopidine are widely
used clinically (Jennings 2009; Kiernan et al. 2009). Aspirin irre-
versibly inhibits cyclooxygenases, suppressing the synthesis of



K. Mori et al. / Phytomedicine

Fig. 3. The effect of hericenone B on platelet aggregation induced by various ago-
nists. (A) The effect of hericenone B on platelet aggregation induced by collagen,
U46619, thrombin, ADP or adrenaline. (B) The effect of hericenone B on platelet
aggregation induced by arachidonic acid or convulxin. Washed rabbit platelets were
preincubated with hericenone B (0.3–100 �M) for 5 min at 37 ◦C in the presence
of 1 mM of CaCl2. Platelets were then stimulated by collagen (3 �g/ml), U46619
(3 �M), ADP (100 �M), thrombin (0.01 U/ml), adrenaline (10 �M) + ADP (10 �M),
arachidonic acid (100 �M) or convulxin (30 ng/ml). The aggregation was expressed
as the percentage of the aggregation in the absence of hericenone B. Values rep-
resent the means ± S.E.M. of three individual experiments. *p < 0.01 vs. absence of
hericenone B (−).

Fig. 4. The effect of hericenone B on collagen-induced aggregation in human
platelets. Washed human platelets were preincubated with hericenone B (1–30 �M)
f
c
g
i

T
t
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n
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i

or 5 min at 37 ◦C in the presence of 1 mM of CaCl2. Platelets were then stimulated by
ollagen (3 �g/ml). The aggregation was expressed as the percentage of the aggre-
ation in the absence of hericenone B. Values represent the mean ± S.E.M. of three
ndividual experiments.

XA2 from arachidonic acid and TXA2-mediated platelet activa-
ion. However, hericenone B inhibits upstream of the arachidonic

cid release in collagen signaling. Therefore, hericenone B may be a
ovel compound for anti platelet therapy possessing a novel anti-
latelet mechanism.

In conclusion, hericenone B from H. erinaceus specifically inhib-
ted collagen-induced platelet aggregation through the inhibition
17 (2010) 1082–1085 1085

of upstream of arachidonic acid liberation in integrin �2/�1 sig-
naling. It is necessary to investigate the effects in vivo and the
mechanism of action of hericenone B more precisely in the future.

Acknowledgments

This work was supported in part by Grants-in-Aid for Scien-
tific Research from the Japan Society for Promotion of Science (no.
20790053 to YO), from the Ministry of Education, Culture, Sports,
Science and Technology of Japan (no. 18058002 and 20054002 to
NN), and from Hokuto Life Science Foundation.

References

Clemetson, K.J., Clemetson, J.M., 2007. Collagen receptors as potential targets for
novel anti-platelet agents. Curr. Pharm. Des. 13, 2673–2683.

Farndale, R.W., Sixma, J.J., Barnes, M.J., de Groot, P.G., 2004. The role of collagen in
thrombosis and hemostasis. J. Thromb. Haemost. 2, 561–573.

Francischetti, I.M., Saliou, B., Leduc, M., Carlini, C.R., Hatmi, M., Randon, J., Faili,
A., Bon, C., 1997. Convulxin, a potent platelet-aggregating protein from Cro-
talus durissus terrificus venom, specifically binds to platelets. Toxicon 35, 1217–
1228.

Huang, T.F., Liu, C.Z., Yang, S.H., 1995. Aggretin, a novel platelet-aggregation
inducer from snake (Calloselasma rhodostoma) venom, activates phospholi-
pase C by acting as a glycoprotein Ia/IIa agonist. Biochem. J. 309 (Pt 3), 1021–
1027.

Iwashita, M., Oka, N., Ohkubo, S., Saito, M., Nakahata, N., 2007a. Piperlongumine, a
constituent of Piper longum L., inhibits rabbit platelet aggregation as a throm-
boxane A2 receptor antagonist. Eur. J. Pharmacol. 570, 38–42.

Iwashita, M., Saito, M., Yamaguchi, Y., Takagaki, R., Nakahata, N., 2007b. Inhibitory
effect of ethanol extract of Piper longum L. on rabbit platelet aggregation through
antagonizing thromboxane A2 receptor. Biol. Pharm. Bull. 30, 1221–1225.

Jackson, S.P., Nesbitt, W.S., Kulkarni, S., 2003. Signaling events underlying thrombus
formation. J. Thromb. Haemost. 1, 1602–1612.

Jennings, L.K., 2009. Mechanisms of platelet activation: need for new strategies
to protect against platelet-mediated atherothrombosis. Thromb. Haemost. 102,
248–257.

Kawagishi, H., Ando, M., Mizuno, T., 1990. Hericenone A and B as cytotoxic principles
from the mushroom Hericium erinaceum. Tetrahedron Lett. 31, 373–376.

Kawagishi, H., Ando, M., Sakamoto, H., Yoshida, S., Ojima, F., Ishiguro, Y., Ukai, N.,
Furukawa, S.d., 1991. Hericenone C, D and E, stimulators of nerve growth factor
(NGF) synthesis, from the mushroom Hericium erinaceum. Tetrahedron Lett. 32,
4561–4564.

Kawagishi, K., Ando, M., Shinba, K., Sakamoto, H., Yoshida, S., Ojima, F., Ishiguro,
Y., Ukai, N., Furukawa, S., 1993. Chromans, hericenone F, G and H from the
mushroom Hericium erinaceum. Phytochemistry 32, 175–178.

Kawagishi, H., Shimada, A., Shirai, R., Okamoto, K., Ojima, F., Sakamoto, H., Ishiguro,
Y., Furukawa, S., 1994. Erinacines A, B and C, strong stimulators of nerve growth
factor (NGF)-synthesis, from the mycelia of Hericium erinaceum. Tetrahedron
Lett. 35, 1569–1572.

Kawagishi, H., Shimada, A., Hosokawa, S., Mori, H., Sakamoto, H., Ishiguro, Y., Sakemi,
S.J., Kojima, B., Furukawa, N.S., 1996. Erinacines E, F, and G, stimulators of nerve
growth factor (NGF)-synthesis, from the mycelia of Hericium erinaceum. Tetra-
hedron Lett. 37, 7399–7402.

Kiernan, T.J., Yan, B.P., Jaff, M.R., 2009. Antiplatelet therapy for the primary and
secondary prevention of cerebrovascular events in patients with extracranial
carotid artery disease. J. Vasc. Surg. 50, 431–439.

McNicol, A., Israels, S.J., 2003. Platelets and anti-platelet therapy. J. Pharmacol. Sci.
93, 381–396.

Mori, K., Obara, Y., Hirota, M., Azumi, Y., Kinugasa, S., Inatomi, S., Nakahata, N., 2008.
Nerve growth factor-inducing activity of Hericium erinaceus in 1321N1 human
astrocytoma cells. Biol. Pharm. Bull. 31, 1727–1732.

Mori, K., Inatomi, S., Ouchi, K., Azumi, Y., Tuchida, T., 2009. Improving effects
of the mushroom Yamabushitake (Hericium erinaceus) on mild cognitive
impairment: a double-blind placebo-controlled clinical trial. Phytother. Res. 23,
367–372.

Polgar, J., Clemetson, J.M., Kehrel, B.E., Wiedemann, M., Magnenat, E.M., Wells, T.N.,
Clemetson, K.J., 1997. Platelet activation and signal transduction by convulxin, a
C-type lectin from Crotalus durissus terrificus (tropical rattlesnake) venom via
the p62/GPVI collagen receptor. J. Biol. Chem. 272, 13576–13583.

Surin, W.R., Barthwal, M.K., Dikshit, M., 2008. Platelet collagen receptors, signal-
ing and antagonism: emerging approaches for the prevention of intravascular
thrombosis. Thromb. Res. 122, 786–803.

Takayama, H., Hosaka, Y., Nakayama, K., Shirakawa, K., Naitoh, K., Matsusue, T., Shi-

nozaki, M., Honda, M., Yatagai, Y., Kawahara, T., Hirose, J., Yokoyama, T., Kurihara,
M., Furusako, S., 2008. A novel antiplatelet antibody therapy that induces cAMP-
dependent endocytosis of the GPVI/Fc receptor gamma-chain complex. J. Clin.
Invest. 118, 1785–1795.

Varga-Szabo, D., Pleines, I., Nieswandt, B., 2008. Cell adhesion mechanisms in
platelets. Arterioscler. Thromb. Vasc. Biol. 28, 403–412.


	Inhibitory effect of hericenone B from Hericium erinaceus on collagen-induced platelet aggregation
	Introduction
	Materials and methods
	Materials
	Isolation of hericenone B from H. erinaceus
	Determination of platelet aggregation
	Statistical methods

	Results and discussion
	Acknowledgments
	References


