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Abstract—The purpose of this investigation was to determine the inhibition of Na*., K*-ATPase. cy-
clicAMP phosphodiesterase and platelet activation by secondary metabolites isolated from marine or-
ganisms. The secondary metabolites were isolated and identified as six diterpenocids(1 : astrogorgin, 2:
ophirin. 3 : calicophirin B, 4. 5. and 6 : cladiellin) from the dichloromethane extract of Muricella sp.. four
ceramides(l, 2, 3, and 4) from Acabaria undulata and three anthraquinones(1, 2 : crysophanol, and 3:
physcion) from Urechis unicintus. The results demonstrated that diterpenoids(2. 3, and 4) showed the
inhibition of cyclicAMP phosphodiesterase, and ceramides(1, 3, and 4) showed the inhibition of cy-
clicAMP phosphodiesterase and thrombin(0.1 units/mi)-induced aggregation of washed rabbit platelet.
and anthraquinones((1, 2. and 3) showed the inhibition of Na‘ K'™-ATPase. Among the an-
thraquinones. 1. 2-dimethoxy-3-methy-8-hydroxy-anthraquinone(1) showed the inhibition of collagen
(1.0 pg/mi)-induced aggregation in a concentration-dependent manner with ICx value of 42.8 uM.

Keywords[ |Marine secondary metabolite. Platelet aggregation, Na*. K'-ATPase. cyclicAMP phos-
phodiesterase.
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Fig. 1— Chemical structures of diterpenocids isolated
from the Gorgonian Muricella sp.
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Fig. 2 — Chemical structures of ceramides isolated from
the Gorgonian Acabaria undulata

Fig. 3 — Chemical structures of anthraquinones isolated
from the Echiuran Urechis unicintus
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EJ)| washed platelet AN - E7) HNE ci-
trate-dextrose- &4 (A=) 1/6: 65mM citric
acid. 85 mM trisodium citrate, 2% dextrose, pH
4.5y AL F 250xg2 1087 AR sk}
e (platelet-rich plasma)g Hald F Ty
650x g2 1087 dAEelsdth. A E(platelet-
rich pellet)2 Tyrode-HEPES(pH 6.35)-8902
7H Mg &, vpAgte] Tyrode-HEPES(pH 7.35)
fdog Faumdrt 5x10° cells/mIF =2 34814
o BE 22 A2 AHAEh Tyrode-
HEPES&99] 42 138.3mM NaCl. 2.68 mM
KCl, 1.048 mM MgCl, 6H,0. 4.0 mM NaHCO,, 10
mM HEPES. 0.1% dextrose, 0.35% albumin$©]
o 840 gy L2 A5 MalE o
£3 35 =333 (Whole-Blood Aggregometer,
Chrono-log Co.)& AHE3ldth " Haw Bgo
(plateletrich plasma)< 250 pl 3t 1200 rpmell
A} mRksEA 37°ColA 387 incubation A7 ¥
CaCl; 1 mME 718H ). ohA] 32% e Al8E 2.5
£ 7tsla 38 § 849 4 EAE 223y -3
&+ FEstden 5E SRS £ A $3HE Fo}
AAE = AEE AT da9 243l
collagen(1.0 pg/mi), thrombin(0.1 units/m1<
ZT(A)o R A 83t on AAIE(%)2 o9l 23
Zol F3t.

A-B

Inhibition% = x 100

A : control aggregation %
B : aggregation %

Na’, K'-ATPase?} cyclicAMP phosphodiesterase &
M&H - Na’', K™-ATPase(Porcine Cerebral Cor-
tex, Sigma)E #F5%7} 0.02 units/mlZ 3o, 130
mM NaCl, 20 mM KCl. 4 mM MgCl,. 50 mM Tris-
HCl 3-89 (pH 7.4) 445 pIE dof 587k 37°CellA
incubation3ldth 5% ol AlE 5 plE W1, tha] 58
Fo 2mM ATP 50 pi& 9o 1587 9h3-3 ¥ 5%
trichloroacetic acid 500 pIE EANFH-S Ax)slgch
8l3, cyclicAMP phosphodiesterase(Bovine
Heart, Sigma)t #%-5=7} 0.015 units/miZ &},
0.7 units/m! 5-nucleotidase(Snake Venom. Sig-
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ma), 2mM MgCl,, 40 mM Tris-HCl $-&£H4(pH7.
4) 890 WE o 587 37°ColM incubationdtTh,
58 Foll A& 10wE ¥, oA 5% Fol 2mM cy-
clicAMP 100 wig 2ol 2087 98-8t ¥ 5% tri-
chloroacetic acid 100 W= W2 AAA AT AxlE
g aRkgdel Qlakd Martin-Doty®Holl wat 720
nmilM FFEE EHsU” 2as 249 in-
hibition %% the-9] 41} Zo] £} Na™, K'o] ¢l
¥ Na', K'-ATPase$hs&7 587F 9&d cy-
clicAMP phosphodiesterase® 2}t back ground®
shdrt.

C-S

x 100
C-BG

Inhibition% =

C : control ¥%4%
BG : back ground®} &%=
S : sample®] &3 %

3 ¥ 3§
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gk, A48l AL kainic acid, nereistoxin, holo-
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1in(2)& Muricella sp.9} Astrogorgia sp.ol|l M. cladiel-
lin(6)& Cladiella sp. SolA olv] £2] gels|Yn®
Do} (5)= Aso2 Fe=HUHFig 1). Acabaria
undulataol|l X F2]€ 22t hAHEAQ) ceramide TZ&
(1), (2) 223 LS Moz BYFIAR? WL &
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Table I— Inhibitory effects of the marine secondary metabolites on the aggregation of washed rabbit platelets in-

duced by collagen and thrombin

Collagen (1.0 pg/m

D

Thrombin (0.1 units/mi)

Compound

(%) ICso(pM) (%) ICs(uM)
Diterpenoids
1 14 10.7
2 4.7 3.6
3 4.7 8.9
4 10.9 18
5 94 1.8
6 6.3 20
Ceramides
1 5.7 211
2 14 13.0 104.8
3 10.0 242
4 8.6 271 127.1
Anthraquinones 112.3
1 35.0 42.8 11.1
2 13.3 2017 22.2 94.2
3 16.6 159.3 83
Aspirin 82.0 16.0 11.7 183.0

'Data are mean values of triplicate experiments. and are expressed as percentage of inhibition at a sample

conentration of 10 pg/ml.
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sp.olA #al¥ diterpenoid® (2), (3) 28]3 (4)F
Z7t AAFEo) BEHAD, Acabaria undulatac) A
B218 ceramide? (1). (3) 223 (4727} e
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Fig. 4—Effect of anthraquinones(A) on platelet aggre-
gation induced by collagen(1.0 g/ml). (1) 1.2~
dimethoxy-3-methyl-8-hydroxy-anthraquinone:
(2) 1,8-dihydroxy-3-methyl-anthraquinone: (3)
1.8-dihydroxy-3-methyl-6-dimethoxy-an-
thraquinone: (C) control. The dose-dependent
curves(B) was inhibited by each final con-
centration of (1). a: 10 ug/ml, b: 20 pg/ml. ¢:
30 pg/ml.

ATPase 9JA3-8&o] AFHAUCE Fig. 5944 (1), (2)
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13.2 uM, 22.4 pM 281 17.1 pMZ el 28
i, 71%}82 aspirin(arachidonic acidiAl <Al
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Fig. 5 - Effects of anthrquinones, isolated from Echi-
uran Urechis unicintus. on inhibition of Na’,
K*-ATPase

Table II— Inhibitory effects of the marine secondary metabolites on Na*, K'-ATPase and cyclic AMP phos-

phodiesterase
Na®, K*-ATPase Inhibitory effect cAMP PDE Inhibitory effect
Compound
(%) ICso(uM) (%) ICs(uM)
Diterpenodis
1 2.0 9.8 291
2 0.9 36.9 350
3 2.5 30.6 357
4 4.7 36.3
5 79 5.6
6 6.0 21.1
Ceramides
1 6.3 21.3 307
2 50 7.8
3 2.2 16.9 321
4 2.2 20.1 294
Anthraquinones
1 12.0 13.2 9.8 485
2 28.6 224 5.1
3 45.7 17.1 3.2
Ouabain 58.7 8.4
Papaverine 245 69

"Data are mean values of triplicate experiments, and are expressed as percentage of inhibition at a sample

conentration of 10 pg/ml.
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