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ANTIPLATELET EFFECTS AND VASORELAXING ACTION OF SOME
CONSTITUENTS OF FORMOSAN PLANTS

MEI-ING CHUNG,* KiM-HONG GAN, CHUN-NAN LIN,

Nataral Products Research Center, Kaobsiung Medical College. Kaohsiung, Taiwan 807, Republic of China

FENG-NIEN KO, and CHE-MING TENG
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ABSTRACT.—Various xanthones as well as quercetin have been shown to exhibit anti-
platelet activity. A series of anthraquinones analogues structurally related to xanthones and a
series of quercetin-related compounds were tested for their antiplatelet effects. Emodin, frangu-
lin B, kaempferol tetraacetate, quercetin-3-O-galactoside octaacetate, rhamnazin triacetate,
and rhamnetin tetraacetate were found to be potent antiplatelet agents, and 1,8-dihydroxy-6-
methoxy-3-methylanthraquinone 8-0-rhamnosyl-(1—>2)-glucoside, rhamnustrioside undeca-
acetate, rutin decaacerate, and quercetin-3-0-(6-0-a-L-arabinopyranosyl)-B-D-galactopyrano-
side decaacetate showed significant antiplatelet effects. Quercetin showed vasorelaxing action in

rat thoracic aorta.

Thrombosis plays an especially im-
portant role in the causes of cerebral
stroke and cardiac diseases. However,
effective antithrombotic drugs still
require research and development.
Thrombolytic vasoactive Chinese herbs
have been used as a.treatment in tradi-
tional medicine. We are trying to isolate
those biologically active substances from
natural products and carry out screening
work for the thrombolytic vasoactive
Chinese herbs, especially those having
antiplateler and vasodilating effects.

- Recently, we demonstrated that some
xanthone derivatives and quercetin pen-
taacetate inhibited the aggregation and
release reaction of rabbit platelets caused
by various inducers, and norathyriol re-
laxed the rat thoracic aorta (1-3). In our
search for bioactive compounds from
Formosan Gentianaceous and Rbamnus
plants (4-9), we studied antiplatelet ef-
fects of 11 flavonol derivatives. Since
some xanthones possess novel anti-
platelet effects (1), the antiplatelet activ-
ity of anthraquinones, which possess
closely related chemical structures to
xanthones, was also examined. The vaso-
relaxing effects of 4 flavonol derivatives
were also studied.

RESULTS AND DISCUSSION

The antiplacelet effects of kaempferol

{1} tetraacetate, rhamnustrioside [2]
undecaacetate, rhamnetin [4] tetraace-
tate, rhamnazin {5} triacetate, querce-
tin-3-galactoside [6}, 6 octaacetate,
rutin [7}, 7 decaacetate, quercetin-3-0-
(6-0-a-L-arabinopyranosyl)-B-D-galac-
topyranoside {8} decaacetate, rhamnazin
3-isorhamninoside [8} decaacetate,
chrysophanol {10}, physcion {11}, 11
diacetate, emodin {12}, 12 triacetate,
frangulin B {13}, 13 hexaacetate, and
physcion 8-0-rhamnosyl-(1—>2)-gluco-
side [14] were studied on the aggrega-
tion of washed rabbit platelets in-
duced by ADP (20 puM), arachidonic
acid (AA) (100 pM), collagen (10 g/
ml), and PAF (2 ng/ml), and the results
are shown in Tables 1-3. Compounds 1
tetraacetate and 4 tetraacetate strongly
inhibited platelet aggregation induced
by arachidonic acid, collagen, and PAF.
Compound 5 triacetate and 6 octaace-
tate strongly inhibited arachidonic acid-
and collagen-induced platelet aggrega-
tion. Compound 7 decaacetate and 8
decaacetate significantly inhibited the
platelet  aggregation induced by
arachidonic acid and collagen. The es-
terified quercetin-related compounds
show enhancement of their antiplatelet
effects. The glycosylate of quercetin-
related compound at 3-OH with one
molecule of sugar showed enhancement
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TABLE 1. Effects of Various Quercetin-related Compounds on the Platelet Aggregation Induced by
Arachidonic Acid (AA), Collagen, and Platelet-activating Factor (PAF).*

/-
RO (o]
SO wmYa
CR
OH (o]

1 R=R'=R"=R"= 2 R=R'=R"=H, R"=rha(1~>2)-0-{tha-(1>6)]galactosyl
3 R=R'=R"=H,R"=0H 4 R=R"=H,R'=Me, R"=0H
5 R=R"=H,R'=Me, R"=0Me 6 R=galactosyl, R'=R"=H, R"=0OH
7 R=rutinoyl, R"=R"=H,R"=OH 8 R=gal(6—>1)ara, R"=R”=H, R"=0OH
9 R=glc(6—>1)rha(4—> l)rha, R’'=

Me, R"=0OMe, R"=H

Inducer Control 1 tetraacetate | 2 undecaacetate | 3 pentaacetate® | 4 tetraacetate
ADP . . . .. 84.8 +4.4(4)
AA . ... 90.7+0.9(4) | 17.4%0.9(3° [ 88.5%£0.3(3) | 2.4x2.03)] 2.6x2.2(3)"
Collagen 93.1%2.1(4) | 159 1.7(3) [ 86.5*1.1(3)° | 17.4%x2.93F | 0.0x0.03)
PAF . . . .. 92.9+1.2(3) | 14.5%*4.7(3) | 89.9*0.6(3) [ 89.2*1.5(3) | 0.0*0.003)°

Inducer S triacetate 6 6 octaacetate 7 7 decaacetate
ADP . . . .. 71.4%1.3(2) 75.0£2.5(2) 172.4+2.8(3)
AA . . ... 10.0x4.4(3) | 92.2x2.3(2) 0.020.0(3193.5%0.9(2) 125.9*21.1(3)
Collagen 14.3*+1.7(3) | 87.3*4.6(2) 0.0x0.0(3) | 87.0x3.7(2) [27.3x17.1(3)
PAF . . . .. 84.5+1.1(3) [93.8%0.4(2) | 78.5x2.9(3)°|91.1*0.8(2) |88.7*0.9(3)

Inducer 8 decaacetate 9 decaacetate | Indomethacin
ADP . . . .. 69.5%7.2(3)
AA. ... . 78.3+2.9(3) | 88.8% 1.4(3) | 0.0£0.003)
Collagen 38.5*15.4(4)*| 87.8+0.8(3) | 72.3+6.0(3)
PAF . . . .. 87.7x1.9(3) [90.8x1.6(3) |89.4+0.4(3)

*Platelets were preincubated with various agents (100 pg/ml) or DMSO (0.5%, control) at 37° for 3
min, then ADP (20 M), arachidonic acid (100 uM), collagen (10 pwg/ml) or PAF (2 ng/ml) was added.
Percentages of aggregation are presented as means = SEM. Number of samples is shown in parentheses.

®Data in this column are from Lin ef «/. (3).
‘p<<0.05 as compared with control values.
d/:<().01 as compared with control values.
“P<0.001 as compared with control values.

of antiplatelet effects, but the anti-
platelet effects decreased as the number
of molecules of sugar increased. The an-
tiplatelet actions of 1 tetraacetate, 4 tet-
raacetate, 5 triacetate, and 6 octaacetate
inhibited  collagen-induced  platelet
aggregation in a dose-dependent man-
ner, and all showed greater antiplatelet
effects than 3 pentaacetate (3). Figure 1
summarizes the biological activities of

the quercetin-related compounds. Com-
pound 6 octaacetate was the most potent
inhibitor with a minimal effective con-
centration of 5 p.g/ml and a maximal ef-
fective concentration of 100 pg/ml.
Compound 6 octaacetate was much
more potent than norathyriol {15} tet-
raacetate (1) in inhibiting platelet aggre-
gation induced by collagen. Compounds
12 and 13 strongly inhibited platelet
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Effects of 10, 11, 11 Diacetate, 12, 12 Triacetate, 13, 13 Hexaacetate, 14, and

Indomethacin on the Platelet Aggregation Induced by ADP, Arachidonic Acid, PAF, and Collagen.*

10 R,=R,=OH,R,=Me, R,=H
12 R,=R,=R,=OH,R,=Me

14 R,=OH, R,=0-rhamnosyl-(1—2)-glucoside,

R;=Me, R,=OMe

11 R,=R,=OH, R,=Me, R,=OMe
13 R,=R,=O0H, R;=Me, R;=0-rhamnosy!

Inducer Control 10 11 11 diacetate 12
ADP . . . .. 89.4+0.4(25) | 82.6x2.1(4) | 78.9%6.0(3) | 76.5%x8.5(3) |65.1=19.8(3)
AA . . . ... 93.3+0.2(4) | 90.6x1.9(3) | 89.6£0.8(3) |90.3+2.8(3) 24.317.4(3)b
Collagen 93.8*+1.6(3) [ 85.4*3.9(3) | 86.8x0.8(3) |89.4%0.3(3) |75.7%x13.5(3)
PAF . . . . . 94.5*0.6(3) | 88.3*x2.8(3) | 80.7x7.3(3) {93.9+0.6(3) |76.4*14.8(3)

Inducer 12 triacetate 13 13 hexaacetate 14 Indomethacin
ADP . . . .. 72.2%7.9(3) 60.7t7.?)(8)b 80.1%x2.1(3) {78.2%x7.9(3) [69.5*7.2(3)
AA . . . ... 82.5* 10.6(3)b 91.7%2.4(3) |85.6%x3.0(3) | 75.9%2.7(3) 0.()10.0(3)b
Collagen 89.6+6.2(3) {20.6%£2.3(3)"|82.5%3.1(3) | 76.7=0.8(3)"[72.326.0(3)
PAF . . . . . 84.5+2.7(3) | 73.0%9.4(3) | 82.8*+2.7(3) {86.6*x3.0(3) [89.4+0.4(3)

“Platelets were preincubated with 10 (50 pg/ml), 11 (25 pg/ml), 11 diacetate (25 pg/ml), 12 (100
pg/ml), 12 triacetate (100 pg/ml), 13 (100 pg/ml), 13 hexaacetace (100 pg/ml), 14 (100 pg/ml) or
DMSO (0.5%) (control) at 37° for 3 min; then ADP (20 wM), arachidonic acid (AA, 100 pM), PAF (2 ng/
ml) or collagen (10 pg/ml) was added. Values are presented as means = SEM. Number of samples is shown
in parentheses.

55<C0.001 as compared with the respective control.

TABLE 3. Effects of Various Concentrations of 12 and 13 on the Platelet
Aggregation Induced by Arachidonic Acid and Collagen.*

Aggregation (%)
Treatment

Arachidonicacid (100 pM) | Collagen (10 pg/ml)

Control
12 (25 pg/ml)
12 (50 pwg/ml)
12(100 pg/mb) . . . .
Control
13 (10 pg/ml)
13 (25 pg/ml)
13 (50 pg/ml) .
13 (100 pg/ml) . . . .

88.3 % 1.3(10)
90.3 *0.8(6)
64.5% 13.3 (6)°
33.6%6.8(10)
90.2%+0.8(9)

89.3%0.6(11)

83.3x3.8(6)°
61.3x6.4(11)°
89.2 +0.8(9)

86.5 * 3.4(6)

36.7 %+ 10.5(6)*
19.4* 10.1(6)"
10.3+5.2(9)"

94.9 = 1.4(8)

“Percentages of aggregation are presented as means = SEM. Number of repli-
cates is shown in parentheses.

bp<0.05.

<0.01.

4p<0.001.
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FIGURE 1. The effects of quercetin-related compounds 1 tetraacetate, 3 pentaacetate, 4 tet-

raacetate, 5 triacetate, 6 octaacetate, norathyriol terraacetate on the platelet
aggregation induced by collagen. Washed rabbit platelets were incubated with
various concentrations of agents and collagen (10 pg/ml) was added. Data of 3

pentaacetate are from Lin ef /. (3).

aggregation induced by arachidonic acid
and collagen, respectively. Compound
13 significantly inhibited the platelet
aggregation induced by ADP. The es-
terified anthraquinones did not show en-
hancement of their antiplatelet effects,
and the 12-related anthraquinones
showed greater antiplatelet effects than
did the 11-related anthraquinones. The
antiplatelet actions of 12 and 13 were
further examined as shown in Tables 2
and 3. Compound 13 inhibited both
arachidonic-acid- and collagen-induced

platelet aggregation; it did not inhibit
that caused by arachidonic acid even at
100 pg/ml. This implies different
mechanisms of action are possibly in-
volved in the antiplatelet actions of 12
and 13. Further experiments are needed
to elucidate their actions. In the rat
thoracic aorta, 3 depressed markedly the
contractions induced by Ca?" (1.9 mM)
in high-K¥ (80 mM) medium and
norepinephrine (3 wM) (Table 4).
Norathyriol and apigenin, a xanthone
and a flavonoid analogue, respectively,
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TaBLE 4.  Effects of Various Quercetin-related Compounds on High K*- and Ca* " -induced and
Norepinephrine-induced Contraction of Rat Thoracic Aorta.*
K*(80mM)+ Ca** (1.9mM) | NE(3 uM)-phasic | NE (3 pM)-tonic
Control . . . . . . ... 100.0x9.3 100.0*x3 .4 100.0 % 10.5
3 (100 pg/ml) 13.9=2.0 27.0%=11.2° 0.0%0.0°
3¢50 ug/mly . . . .. 15.03.5° 0.0%0.0°
320 wg/mly . . . . . 449=x1.1° 29.1+1.7°
310 pg/ml) . . . . . 105.0%3.5 101.9* 1.3
6 (100 pg/ml) 120.9*0.6 100.0x 0.0 98.8+6.3
7 (100 pg/ml) 1129+1.0 103.8%£2.7 120.6* 1.4
8 (100 pg/ml) 100.0x0.0 100.0x0.0 108.4*3.3

“Rar aorta were preincubated with various compounds or DMSO (0. 19, control) at 37°for 15 min;
then high K™ (80 mM) and Ca™ * (1.9 mM) or norepinephrine (NE, 3 M) was added. Percentages of the
control contraction were calculated and presented as means = SE (» = 3).

bp<0‘01 as compared with respective control.

markedly inhibited AA- and collagen-
induced aggregation by the inhibition of
thromboxane A, formation in washed
rabbit platelets (1,10). In rat thoracic
aorta, they also inhibited K- and NE-
induced contractions by suppression of
Ca?" influx (2,11). Thus, 3 may possess
antiplatelet and vasorelaxing actions
similar to those of norathyriol and apige-
nin.

EXPERIMENTAL

MATERIALS.—Compounds 1, 2, 4, and 6—
14 were isolated and identified as previously re-
ported (4-9). Compounds 2 undecaacetate, 4 tet-
raacetate, S triacetate, 6 octaacerate, 7 decaace-
tate, 8 decaacetate, 9 decaacetate, 11 acetate, 12
triacetate, and 13 hexaacetate were prepared by
usual methods and identified from physical and
spectral data.

PLATELET AGGREGATION.—Washed rabbit
platelets were obrained from EDTA-anticoagu-
lated platelet-rich plasma according to the wash-
ing procedures described previously (12).
Platelets were counted by a Coulter Counter
(Model ZM), adjusted to 4.5 X 10® platelets/ml,
and suspended in Tyrode’s solution containing
(mM) NaCl (136.8), KCl (2.8), NaHCO, (11.9),
MgCl, (2.1), NaH,PO,(0.33), CuCl, (1.0), and
glucose (11.2) with bovine serum albumin
(0.35%). Aggregation was measured by the tur-
bidimetric method (13), designed with the absor-
bance of platelets in suspension at 0% aggrega-
tion and the absorbance of platelet-free Tyrode's
solution as 100% aggregation. The aggregation
was measured by a Lumi-aggregometer (Chrono-
Log Co.) connected to dual channel recorders.

The platelet suspension was stirred at 1200 rpm.
To eliminate the effect of the solvent on the
aggregation, the final concentration of DMSO
was fixed at 0.5%.

AORTIC CONTRACTION.—Wistar rats of
either sex weighing 250 to 300 g were killed by a
blow to the head. The thoracic aorta was isolated
and excess fat and connective tissue were re-
moved. Vessels were cut into rings of about 5 mm
in length, mounted in organ baths containing 5
ml of Krebs solution, maintained at 37°, and
bubbled with a 95% O, and 5% CO, mixture.
Two stainless steel hooks were inserted into the
aortic lumen; one was fixed while the other was
connected to a transducer. Aorta were equili-
brated in the medium for 90 min with three
changes of Krebs solution and maintained under
an optimal tension of 1 g before specific experi-
mental protocols were initiated; contractions
were recorded isometrically via a force displace-
ment transducer connected to a Gould polygraph
(Model 2400). The final concentration of DMSO
was fixed at 0. 1%.
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