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Inhibitory Effect of Cordycepin on Human Platelet Aggregation

Hyun-Jeong Cho', Hye-Seon Ham?, Tae-Kyung Lee’, Young-Jin Jung', Sun-A Choi',
Hyo-Chan Kang' and Hwa-Jin Park''

'Department of Biomedical Laboratory Science, College of Biomedical Science and Engineering,
Inje University, 607, Obangdong, Gimhae, Gyungnam 621-749, Korea, *Cancer Research Institute,
Seoul National University, College of Medicine Yeongeon-dong, Jongno-gu, Seoul, Korea

Cordycepin separated from Cordyceps militaris is a major physiologic active component in Cordyceps militaris. The
platelet aggregation is stimulated by Ca™, which is either mobilized from intracellular endoplasmic reticulum or
transported from extracellular space. cGMP antagonizes the actions of Ca”*. Based on these facts, we have investigated
the effects of cordycepin on the mobilization of Ca** and the production of cGMP on collagen (10 pg/mi)-induced
human platelet aggregation. Cordycepin potently stimulated the human platelet aggregation induced by collagen (10 pg/
ml) in a dose-dependent manner. Cordycepin (500 pM) inhibited also the collagen-induced human platelet aggregation
in the presence both 1 mM and 2 mM of CaCl,. These are in accord with the results that cordycepin inhibited the Ca*-
influx on collagen-induced human platelet aggregation. These results suggest that cordycepin decrease the intracellular
Ca®* concentration to inhibit collagen-induced human platelet aggregation. Besides, cordycepin increased the level of
c¢GMP on collagen-induced human platelet aggregation. This result is related with the decrease of intracellular Ca®
concentration, because cGMP inhibits the mobilization of Ca®*. In addition, cordycepin inhibited the human platelet
aggregation induced by LY-83583, inhibitor of guanylate cyclase. This result suggested that cordycepin inhibit the
platelet aggregation by stimulating the activity of guanylate cyclase. In conclusion, we demonstrated that cordycepin

might have the antiplatelet function by inhibiting Ca**-mobilization via the stimulation of the production of cGMP.
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2. Concentrated human platelet—rich plasma (PRP) A|Zx

Abd "A9 35 8% (platelet-rich plasma)S 180 X g,
25ColA] 15% S 94 BEsted A& & Ax 5
a7, JE7E ARAAND F 7% PRPIS I3tk 0)7E
oAl 1,100 X g, 25ColA 108 59 9415t PPP (platelet-
poor plasma)®} AT peliets (PLTs)L. 2 28It 459
PPP A4S PLTso| A 2HA 718k cell suspension
(5 X 10° platelets/ml) S A 23151 th.

3. Washed human platelets X &

Concentrated human PRPE AZ3h= 3739 vpx|er 44
%, PPP (platelet-poor plasma)2} A pellets (PLTs)2. 2 &
2 EH 450 PPPE ZALYAl Eold ¥ washing buffer
(129 mM NaCl, 10.9 mM Na - citrate dihydrate, 8.9 mM NaHCOs,
1 mg/ml Glucose, 10 mM Tris-hydroxymethylamino methane, 2.8
mM KCI, 0.8 mM KH,PO,, 2 mM EDTA, pH 6.5 3% 3
to] A pellets S A AHA A2 3Ht). Washing bufferS
0|83} cell suspensions THEC| 83| AF3 &, 1,100
X g, 25CA 108 5 Y3 buffersZ PLTsE o2
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xymethylamino methane, 2.8 mM KCl, 0.8 mM KH,PO,, pH 6.9)
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Zoz2 2Ptk 359 PLIso| washing buffer (129 mM
NaCl, 10.9 mM Na - citrate dihydrate, 8.9 mM NaHCO;, 1 mg/ml
Glucose, 10 mM Tris-hydoxymethylamino methane, 2.8 mM KCl,
0.8 mM KH,PO,, 2 mM EDTA, pH 6.5)& #7131} 23] 4|3
%, suspending buffer (129 mM NaCl, 10.9 mM Na - citrate dihy-
drate, 8.9 mM NaHCOs, 1 mg/ml Glucose, 10 mM Tris-hydoxy-
methylamino methane, 2.8 mM KCl, 0.8 mM KH,PO,, pH 6.9)&
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5 X 10° platelets/mlZ A3t &9, Ug 2pasr] 93
aluminum foil = wrappingdls] 99 BE HHS FP5INT)

5. Human platelet aggregation &4

|= =N

EE platelets aggregations Aggregometer (Chrono-Log
Corp)E ©]-8-3} 37Tl A light transmission (%)2] H3}E
A3k

1) Concentrated human PRP& 0|88t 3%

In vitro ¥H-8-7] 250 Wl 4] concentrated human PRPE: 37T
ol 4] 3% F<t preincubationdt ¥, AFA|Q! collagen (10 pg/
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o, 3 A a9E B 3= cordyceping FEE (50,
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collagen 2.2 ATl 5%37F 4% 7S BTt Col-
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intracellular Ca®* —mobilization &8

AEA Y Ca* FE (CaH)E &4317] 913l fluorescent
indicator dye%l Fura 2/AM<- platelet 1ol loading3}<] fluo-
rescence®) W3+E SPF 25 fluorimeter (Kontron)S o] &3]



Table 1. Threshold concentration of collagen on human platelet
aggregation

Table 2. Effect of cordycepin on human platelet aggregation
induced by collagen

Collagen (pg/ml) Factors Light transmission (%)
5 7 10 Collagen (10 pg/mi) 6112
Light transmission (%) 38+3 5414 55+5 Collagen + cordycepin 50 uM 47+1°
Collagen + cordycepin 100 uM 171
Collagen + cordycepin 500 uyM 7+17
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Platelet-rich plasma (PRP)oll&= HAT $-ukgo] Jagh
CaCl7t EA8LE2 CaClLE H718HA] &1L, PRP (10° platelets/
mboll 5 pg/ml, 7 pg/ml, 10 pg/mi2] collagens 713t 37C
o4 5% 7t incubationA] 7] ¥, light transmission (%)©] Z+z}
3813%, 54t4% 2 55+5%2 S7HATH (Table 1). )R
pg/ml, 7 pg/ml ZE, 10 pg/ml® collagend o8] 4% (10°

Data are given as the mean £ S.D. (n=4). *P<0.05 compared with
that of collagen-induced light transmission (%).

platelets/ml)®] -§-3IWH-g-0] 242} 38+3%, 54+4% R 55+5%7}
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PRP (10° platelets/mD)oll 10 pg/mi®] collagens 34 7}3}ta
37°ColA 5B HEEA7|Y, 6142%9) W £34=E B3
(Table 2), cordyceping 50 uM, 100 uM, 500 WM 7|3}
37ColA 587 ¥hA71E 22} 47+1%, 1721%, 7£1%7}
2] "o Brrt 74300 (Table 2). 0] collagendl] 2|3
SRS 6112%0 Wl 47+1%, 17+1%, TE1%7H4] &%
ol AsE Y&E ondrt. o] ATREFE cordycepin
o) &gt collagen (10 ug/ml) F¢1 4w F3wkgo] 7+ 4
oA collagen (10 pg/ml)e] W3-l whal] 7%7H4] A
BHE 500 uM 2] cordycepin® A FTEZ AREEVE Yk
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20| 0|X|& cordycepin® F&F

Washed human platelets (10° platelets/ml) suspension & ol|
Ca? source®A] 1 mM9] CaCLE #7}3t collagen (10 pg/
ml)& H7FHH o 55%747] e} FIert ST (Fig.
1-A-a). ©] AL collagen (10 pg/mhQ) A=FS ¥k A4 ghol
55%<] &S Yo FE ofmdrh a2y | mM CaCl,
ZEA kol A cordycepin (500 pM)S A7}k 353t preincu-
bation AlZ1 ¥, 10 ug/mi9] collagens #H7}shd Hlo] Fi%x
7} 55%04 18%2 WolArt (Fig. 1-Ab). 39, 4w &3
HR3-2 Ca™9] FEo 93 FVIHERE, Ca*o] FEE 2 mM
2 F7MFELS W collagendl] 3 FelEe 4w SR
&l MAEe 9FE AT 2 23 Fig 1-BE 24,
10 pg/mie) collagen ©%5 2.2 washed human platelet (10%ml)
g 5% B AFAIHE 2 FHEE oF 15%7H S7HA
o} (Fig. 1-B-a). A% suspension &4 1 mM&] CaClL,E
2715199 collagen (10 pg/m) 22 A=F3E We] SHE (55%)
(Table 1) Bt} <k 20% ©] 7tk o] 2= collagen®l
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Fig. 1. Effects of cordycepin in the presence of extracellular CaCl, 1 mM or 2 mM on washed human platelets induced by collagen (10
ug/ml). Arrow is indicated as a collagen-addition point. A: CaCl, 1 mM, B: CaCl, 2 mM, a: collagen 10 pg/ml, b: collagen + cordycepin

500 uM.
3 A SIS Y49 suspension S0 JIE F
E CaCLe 5% F, Ca¥* sx) &l Z7He 9u|d
ok 23Y 2 mM9] CaCLE 718 washed human platelets
(10® platelets/ml)2] suspension &4l cordycepin (500 pM)<
A7)ste] 383t preincubation A7 ¥, 10 pg/ml2] collagen
o2 Faws AE31E Y] FAEE 29%7H2] AstE ATt
(Fig. 1-B-b). ©]RAL CaCl, 2 mM9] £A3}9lA] collagen (10
pg/mholl o3 o= P4 ST (75%)7F cordycepin
o o3 2%71A AsHBL v

o 71E0 FEAAZA oA GMPS BAS
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AEZ. 2 A3 CaCl, 1 mMF CaCl, 2 mMo] A g Al A
molsidomine (10 pM)#} theophylline (10 uM)<2 collagen (10 pg/
ml) @50 % ZAE (544%)F vlPES q & A
237 A9 AT CaCl, 1 mM2] ¥EEAl) A cordycepin
500 pM#} molsidomine 10 pM-S FAloll H713}1 collagen o
2 Eav S-S =8 22 O SR80l 225%2 col-
lagen @59 A% AW FHTE (544%)°N HI3H 58.6%2
+3 JAIEE JERIS T, cordycepin 500 uM theophylline
10 pME 54 37184 collageno 2 4% S-S
319 E W 1 THEL 14%2 551%9 JA AYE
Bt} B3 CaCl, 2 mM9] ¥H3AlIME 2kt 533%, 524%
o] 9A &35 JYehAT (data not shown). ©]19 22 A3}
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Ca™probe?] Fura 2/AME preloading*]7) washed human
platelet (10° platelets/ml) suspension &4 2 mM$] CaCLE
715l collagen (10 pg/m) 2.8 HAwE =23 A3}, 9
2 A ol W 8961112 nM (@=5)9) [Ca®], 22 3-E]
14531153 oM (0=5)9] [Caz"]iﬁ =713t (Fig. 2). °|A&
collagen (10 pg/mloll 21314 89.6+11.2 nMY] [Ca®*|; oA
1453£153 nM9] [Ca¥1:& LA YL ek
22t} Fura 2/AM preloading¥®l washed human platelet (10°
platelets/ml) suspension -&%l| cordycepin (500 pM)S A 713}
o] 37Tl A preincubation 2|71 ¥ collagen (10 pg/mhE A
7¥ate] 5EIF EARE ASA171W collagen (10 pg/ml) ©HE
o ¥s) AEA N Ca¥ T 88.619.0 (n=5) nM7HA] A8}k
HAh oA Y 4w Ui EAFE free-Ca™9] ¥
% (89.6+11.2 nM, n=5)%} A< H|Z=31t} ©] AL cordycepin
o] collagen®] &M =R Ca¥ FT (1453£153 nME
A o i ERshs Ca*9] FE/A] Adsta Q)
&5 onjsith

%A, cordycepin®l 213 Ca®* F5 AslE cGMPS A
S7tA Z1deke Ao 25 = 7] Wi, $4 ¥
2% WE-2] GTP (guanosine triphosphate) 25 cGMP2] A}
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Fig. 2. Effects on Ca**-influx on washed human platelet aggre-
gation induced by collagen. Ca**-determination was assayed as
described in "Materials and Method". N: normal (intact cell), C
collagen 10 pg/ml, C + Cordy.: collagen + cordycepin 500 uM
Data are given as the mean 1'S.D. (n=5). "P<0.05 compared with
that of normal. “"P<0.05 compared with that of collagen-induced
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AR LY-83583% o83t o|Zidf A% Haw S
$oll WA= cordycepin®] S HEITE Fg. 30014 & &
21%-0] LY-83583 1 uM-2 collagen (10 pg/ml) =0l &3k &
2% NS (Fig. 3-A-a, 3-B-a)% vus] B9kE of, CaCl,
1 mM (Fig. 3-A)% 2 mM (Fig. 3-B)9] wH&AINA 22
60.0% (Fig. 3-A-b), 62.5% (Fig. 3-B-b)2] 4% &L o
21tk 184 cordycepin (500 uM)¥} LY-83583 (1 yuM)yS &
Aloll A4 suspension £-Ho Hr)sle] 37CoNA 323t
preincubation A]Z! ¥, collagen (10 pg/ml)& H71te 37C
oA 583 HREAIFEY e BH=r @AEA AEHI
o} (Fig. 3-A-c, 3-Bc). o2& LY-835839 9|3 g4 &4
¥k-g-0] cordycepin (500 pM)oll &J&] A3 Y-S AAFEH
o}, =3 cordycepine LY-835832] guanylate cyclase #3fjo
gk cGMPS A4 ASHE AAAAHAA cGMPE BAEE &
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Fig. 3. Effect of LY-83583, an inhibitor of guanylate cyclase,
and cordycepin on collagen-induced human platelet aggregation
in the presence of extracellular CaCl, 1 mM or 2 mM. Arrow is
indicated as a collagen-addition point. A: CaCl, 1 mM, B: CaCl,
2 mM, a: collagen (10 pg/ml) only, b: collagen + LY-83583 1 uM,
c: collagen + LY-83583 1 uM + cordycepin 500 uM.

Table 3. Effects of cordycepin in cGMP-production

cGMP (fmol/10® platelets)

Base 230%39
Collagen (10 pg/ml) 204150
Collagen + cordycepin (500 uM) 786171

Data are given as the mean + 8$.D. (n=4). *P<0.001 compared
with that of base, “"P<0.001 compared with that of collagen-
induced cGMP levels.

AN = US & F Uk o] RL cordycepin®] collagen

(10 pg/mhe) A3 o8 LR AEA ) free-Ca* 5=
A&AZ AT Fig. 205 TE93h WA cGMPE] A9
u} 2] cordycepin®] FEol tldte] HEFCL

6. cGMP2| M-40f A|X|= cordycepin &
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F2) Aeje] dag (10° platelets/ml) W3oll oF 23039
fmol/10® platelets2] cGMP7} SA3HA]5t, 10 pg/ml9] collagen
o2 ¥4% (10° platelets/ml)S A=8HH 204150 fmol/10°
platelets 2 ASHEE} (Table 3). ©]R-2 collagen®| cGMPS] &
= A oEA Fawe] $38 S7MRS it
131} cordycepin (500 pM)-S F713led 37CAA 323L pre-
incubation A]Z1 T, collagen (10 pg/ml) & *2]d F 5823
HH A7 cGMPY) FXEE 786+71 fmol/10° plateletsgi
Z7}51t} (Table 3). ©] A2 cordycepin®] A% 3RSl
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285 7R, o]g]d FEZ A aspirin, theophylline,
verapamil, molsidomine, indomethacin 5-°] ¢&A UT®.
Aspirin¥} indomethacin< non-steroid drugsZ4 FA%Wo| &
AL 781A A7) thromboxane A, (TXA,)2 AAS
AAIsH= 8-S 1A 3 YT, 3} theophylline, verapamil
2 molsidomine-< Q’\ﬂ'«] 5ol cAMP H& cGMPE] A
7HN71AL, o]EL TXAY A4 AFEHQ] arachi-
donic acid®] S AAA7IH, A 2o AXA (4,
phosphatidylinositol 4,5-bisphosphate)®l] ZH-83H= Ca®* 2|24
phospholipase C2] E4& AAAA Fd4d 28 T
3t} o] phospholipase C2] 42 Ca*9] Z7l0) 98 &z
He=2, caY 37 °4Z1]/~]7]“ ke % cGMPY cAMP
o] A4 AF)E e BE Caz"-antagomsti’ﬁ B
< JANIE FEHAR o]8E T Utk

A 4% S8 dARNA FEA AL e AF
FE HE BHAZE A4 AAEIRD, B9 eicosapen-
taenoic acid (EPA, 20:5%, 28129 olive oile] U= oleic
acid, @012 9] g-linoleic acid (a-18:3)'¥, vH=9] garlic
acid”, "u219] polyphenol i o) &2 A A%, 5%}
Z9 F8 ALY E2] cordycepin®] AHY] S-S ¢
AAZIE A7 BaAME A9 gloh b £ AFdA=
cordycepin®] A% ¢3& AAN7)E= FEH &S 7HA
< 714 247 2 & =R g3

I A3 AE 9—]—r~ o Ca®*o EEE Z7MA71HA colla-
genoll 93 FAW WSS K3l % cordycepin®] £
3 4 3N }%\% A=A o] AL cordycepin©] i
T R A= Ca* e A URZY fYE dAATIA
v, AE R AAE o] 9lE Ca**-pool (¢l, endoplasmic
reticulum)25-8] A EA 20| Ca?9) YL AN AR
AzZver 4= 9it} wkek cordycepmoﬂ 93t dAag 23ur2-9)
AA7F Ca™ e FY i AFARRE FYo 9% ca* F
7} Aol 71218HA] =T, collagenoll 213 free-Ca** 9
FEF cordycepin®ll 9J8l A=A k& Aol 121 cor-
dycepin-> collagenol] &3 A% W9 Ca> Fxo &7}
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= F2 A9 Ca¥ FEE7A ZAAZAT Fg. 2).
A3tel 23t cordycepin®] AT $3 A
282 GMP A F7HE AA g 4 Adrk 24
cGMPE] Ao v = &3E HES H} cordycepine col-
lageno] &3 Al HA UM 999%<2] FA
(p<0.001)& 7R3 cGMPS] A4-& Z7FA1ZEh (Table 3).
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