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The Antithrombotic Effects of Green Tea Catechins

Yeo-Pyo Yun, Won-Seek Kang and Mi-Yae Lee
College of Pharmacy, Chungbuk National University, Cheongju, 361-763, Korea

ABSTRACT — Green tea catechins(GTC) were studied for its inhibitory effect on human pla-
telet aggregation in vitro, for its antithrombotic effect in mice in vivo, and for bleeding and clot-
ting time in rats. The catechins were isolated and purified from green tea, which were composed
of (-)-epigallocatechin gallate, (-)-epigallocatechin, (-)-epicatechin gallate and (-)-epicatechin. GTC
produced a potent inhibition of human platelet aggregation in a dose-dependent manner against
the stimulants such as ADP, collagen, epinephrine and ristocetin in virro. GTC also prevented
death due to the formation of pulmonary thrombosis by platelet aggregates in mice in a dose-de-
pendent manner in vivo. GTC increased the bleeding time, whole blood clotting time and plasma
clotting time in rats, too. These results suggest that GTC is a promising antithrombotic agent.
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daA o], d4a SHENF A A8 YAW L pla-
telet poor plasma(PPP), platelet rich plasma(PRP)= 7733
4 G gfog HE AUt

WSS

£ dge] Al8¢ Sprague-Dawley(SD) rat ¥ ICR
mouse= SETYER 5ol shefsh FEALS oA Bopo}
17 ol 4% AFS % 87l A8 F AFES.
SD ratx= B4 180~200 g&] maleg AME-3lged, ICR
mouset= &5 A 20~25 go] maled AFE3}4T).
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S 10LEZ 2087 $59 F, Sale] 1842 S sl
AAE L, FE24L sl 200xgollA] 5E7F JAlR2)E}
o, 3HPEE A3 AAS F 4F & Eo} vacuum ro-
tary evaporatoro| A 45°CZ -F-A|SPHA] oF 150 mi7t 2 o
7R G S0mio] FEde] diste], 150mig]
ethyl acetate 2 23] &3l d-& HE 38t ¢F 30 miz
s35e AR s,

Sephadex LH-20(30~100 um size) 60 g& B33}, SF
F 600 mlof oF 4A|ZF Ak WEAZFE, U7 30 mme] )

& siliconizationd columndl] 7] Z1} B At Zo] A7)
A BEF HAUT| column YTollA E0f Fo 360 mmxo]
7}A] packing 3t} o] & F7EF S00ml AEE &
column$- ¢+ 843t ot

&AM 7 9 15 m/E loading3}il, YayabeT o) HHy "S-
W33, HA 100% ZF5 1100 mIZ caffeine, 2] am-
ino acid ¥ FF5 WEiEdo] £ HMEHE £5
Al711, 15% acetone 600 miZ £2] terpencidsiH % 1 9}
of AP FES FH 3] AASI. 0|94 60% acetone
600 mIE E# o] fractiond vacuum rotary evaporator
A 45°Ce] 252 ¢ 20ml7t 2 WrtA] At w5 F -
80°CAlA FANZAIA B2 #9] A (11.9g, yield : 3.
4%y thste], 28] column temperatures 40°CE 3},
20% methanol &2)ol| 4] 254 nmol|A] HPLCZ #2131tk
HPLC Apparatus and Conditions

- Pump : L-6200 intelligent pump(Hitachi),

- Detector : L-4200 UV-VIS detector(Hitachi)

- Column oven : 655A-52 column oven(Hitachi)

- Integrator : D-2500 chromato-integrator(Hitachi)

- Mobile phase : MeOH-H,0(20:80, v/v), isocratic elution
- Flow rate : 1.0 m//min

- Injection volume : 5 p!

- Analytical column : cosmosil packed 5C18 column

- Detection : UV 254 nm

- Chart speed : 2.5 mm/min
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& AHE-8H3 2 B, inhibition %= THS-9) Al THgto] .

A-B

Inhibition % = X 100

A : control 9] aggregation %

B : &2 | A] 2] aggregation %
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Fo gEAaANE dol By st HaI SHMNGS
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kg 8#0 2 mouseol AT FAY, ETLOLEE FTHT
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3l ct. SD rat(male, 180~200 g)o] 1 13] & 1047k =
2} catechin® & 10, 100, 300 mg/kge] §Fo2 Hy5o
Fc}. }ey sodium pentobarbital(400 mg/kg)e =27l
FALete npE A7) L, weEe] EREA SmmEE RS
A2} 312]¢] 5Scm Ei= E7HA] 37.5°C9) saline Rfof] T
o] &Y wi7px|e] Al7Hsec)S =AY cHloose and tem-
porary platelet plug7} 32 w712 2] A7)
HUSTAZIY £F —RaZ o2 rhHA7)D 3.13%
sodium citrate-22 0.5 m/Z n|g] Y& EdtaE FA|R
goig 4oz e smiEEE AP HHE e
233 3 ZeprE Falzlo] 2oq, ol 1 mlE R A
o) 21 1.7% CaClL.2H,0 200 i 7}aked Aol A
EE0] FHA L 7(red thrombus)7} AZAW7Ex 2] A7k
(secys 2430}

FISTAIZI BH — 9004 2 do) ARE 200x
goll A QAREs AL AAvt. g4 100 pl, saline
100 ul % 50 mM CaCl, 50 pl & #2 Al@#el ¥ 37°C
NN EE0] ERA clot7} A7 w7 ) Alzksecye =
A3
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a3tz RE] AZEHEAQ catechini & F2, A8}
At olEe g§EE HPLCE 1y AT (-)-epi-
gallocatechin gallate(EGCG), (-)-epigallocatechin(EGC), (-)-
epicatechin gallate(ECG), (-)-epicatechin(EC)s- 47}4] 313}
22 74 e EGCGr} 60% A5 2 T8 3%
& o] t}(data not shown).

Platelet aggregometerZ o] &3l 4923 A58
2335 A, %3z} catechin 0.25, 0.5, 1.0 mg/m! F=9
A, ot 849 $3E2E 2 (ADP, epinephrine, col-
lagen, ristocetin)ol| A &3 o|EH o2 P4 $HYA &
7} 9l ci(Table 1). =2} catechinF 1.0 mg/m! F =0l A,
ADPo| A 79.6%, collagendl| A 86.7%, epinephrine2] 74-%-
97.5%, ristocetinol| Al 36.5%2) AW AANFHI} ¢
Aot ubg o)) t 2 oFE-2 aspirin®] 7-$-of| = collageni} ep-
inephrine| A= &7} 1A A9 ADP$} ristocetin®] 73-¢-
o= &37} ¢t o} 2 A B =3} catechin$-7} aspirini.
o A AR HA N dEia gA Z3rt A,
awe3 oA 7o} ol o & YU ol IC,
242 ADPo|A] 539.2 pg/mi, collagenol|A] 523.2 pg/miO.2
UFE}STH(Table 2).

In vitroo| A AREAA 2HEo] AUSE Flst in
vivooll A9 BEAFNE dolrr] ¢&A] antithrombotic
activity AE& F3dch AL AE A, $4 col-
lagen®} epinephrine®] HA# FHf-d L& Elete
A¥oZA 15ng collagend} 400 uM epinephrinec] 100
ule) A Adgo] EHETE ko] G FALEE A,
90%] 845 A 5 AU FA} catechiniF 2] an-
tithrombotic effect A]3 A3}, =2} catechinF Fo-&2F 10,
100 mg/kgoll A &8k2]&2 0 2 antithrombotic effect7} L}
E}tH(Table 3). Catechin® 10 mg5-o] ol A} 46%2] 8A

Table 1. Inhibitory effects of green tea catechins on human platelets aggregation induced by various aggregating agents

ADP Collagen Epinephrine Ristocetin
Aggregation Inhibition Aggregation Inhibition Aggregation Inhibition Aggregation Inhibition
(%) (%) (%) (%)
Control 90.5 0.0 86.5 0.0 99.0 0.0 96.0 0.0
Green tea catechins
0.25 mg/m! 81.8 9.6 78.8 8.9 95.0 4.0 102.0 0.0
0.50 mg/m! 62.5 30.9 64.5 254 - - - -
1.00 mg/m!{ 18.5 79.6 115 86.7 2.5 97.5 61.0 36.5
Aspirin 0.1 mM 78.3 13.5 23.7 72.6 19.5 80.3 96.5 0.0
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Table 2. Amount of green tea catechins required to pro-
duce a 50% inhibition(IC;;) of human platelet
aggregation induced by ADP and collagen

Aggregating agents

IC, 'm/) b r
(Concentration) ol He/
ADP(20 uM) 539.2 29.0 0.92
Collagen(200 pg/m/) 523.2 314 0.87

ICs(ug/mi) values were calculated from regression lines
where x was the log of the tested concentration of the com-
pound and y was the percent inhibition of platelet aggre-
gation; b=slope of the regression line; r=correlation coef-
ficient.

Table 3. Preventive effects of green tea catechins on the
experimental thrombosis induced by the mix-
ture of platelet agonist in mice

Thrombosis Dead/Test Protection (%)

Control 13/13 0.0
Green tea catechins

10 mg/kg 6/11 45.5
100 mg/kg 5/15 66.7
Aspirin 100 mg/kg 7/13 46.2

* “Thrombosis was induced by the mixture of platelet agonist.
(15 pg of collagen plus 400 M epinephrine in saline)

A EIE JeERR L, 100 mgkg FAAlo = 67% o4t
3% wovh uhee] o) £oFEQl aspirin®] 2§ 100 mg/
kgFol Aol 46.2%¢] RA aust YTk 2 HYA
7, =3} catechinF7F th 32821 aspirinEv} A Fojt
FEAEN} USE & AU

5, 3} cateching Fol-&3F 10, 100 mg/kgoll A1 ble-
eding time, whole blood clotting time, plasma clotting time
o] g3Fe|EH 0 FrhUt,

Fig. 104 BE vighzke] ZAlto] diaroll4] 65.
00+12.92321d] €A, 10 mg/kg A EFoTolA] 113.
174+19.68%, 100mgkg AlgFoTdlA 23071117,
32%, 300 mg/kgoll A 509.78+71.60% 2 4], =3} catechin
F T4 bleeding timeo] L2 EH o R ZFrlE9)
o} wlhdo] o &ekEQ] aspirin(100 mg/kg)ol M= 165.14+
34312, =2} catechiniF7} 2 FE¢] aspirin® v} 53
202 et

MY A 7bol A= Agfe] 3t AlE A}, thxatel

A A7) 109.38+14.022918) wHelA], 10 my
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Fig. 1. Effects of green tea catechins on bleeding time in
rats.

180

160 B

SECOND

140 |-

120

100
0 Control

Groen tea catechins Aspirin
10 100 300 100

(mg/ke)
Fig. 2. Effects of green tea catechins on whole blood clot-
ting time in rats.

kg A5 Tl Al 130.13+20.53%, 100 mgkg Al 85
ol A 134.88+14.24%, 300 mg/kgell A 143.63+19.36%
2A ggofEH o FriE el vhHe] dizobE9l as-
pirin(100 mg/kg)oll A= 137.19 19.36% 2, =2} catechin
7} = oFE9l aspirin v}t 478 21 0 &2 Uebtt)(Fig. 2).
)i, A3 atAlzel vl A gl oig Ald Ax,
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Fig. 3. Effects of green tea catechins on plasma clotting
time in rats.
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ol aspirin(100 mg/kg)oll A= 222504402328 A&} &
Abat o] A7 e THFig. 3).

ol4tel ArHE 2ok, %4} catechinft F1-8-% 10, 100
mg/kgoll A bleeding time, whole blood clotting time, plas-
ma clotting time 5o £#oEog FIlEizd], o] 24
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Ags dFe Ao 5.
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w=alo] A &9 P 1 FEEAL A dsiM Satol A catechinFE R, BASIA L 1 FHEE
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F= Jebic}. Antithrombosis A8 27, %3 catechin® 10, 100 mghkg FolFolA £FEHo=
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