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Abstract: Spiramine Q, a diterpene, was isolated from a Chi-
nese herbal plant Spiraea japonica var. incisa Yu. Born's and Wan
HY's methods were used to investigate effects of spiramine Q
on rabbit platelet aggregation and serotonin release, respec-
tively. Its antithrombotic effect in mice was also evaluated by
Myers' method. Spiramine Q selectively inhibited arachidonic
acid-induced platelet aggregation in vitro or ex vivo, and de-
creased serotonin secretion from rabbit platelets. Spiramine Q
(5 mg/kg) decreased the mouse mortality caused by injection
of 80 mg/kg arachidonic acid in the tail vein. The results sug-
gested that spiramine Q showed potent antiplatelet and anti-
thrombotic activites.

Spiraea japonica var. incisa Yu, a Chinese herbal plant abun-
dant in Yunnan Province, has been used for cerebral hemiple-
gia, anti-inflammation and analgesia in folk and ethnic medi-
cine (1). Spiramine Q, a Cyy-skeleton diterpenoid alkaloid
(Fig.1), was isolated from this source (2). To screen new drugs
that can prevent and cure cardiac and cerebral thromboem-
bolic diseases in combination with platelet hyperfunction, we
found that spiramine Q showed antiplatelet and antithrom-
botic activities.
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Fig.1

Structure of spiramine Q.

In vitro, spiramine Q significantly inhibited arachidonic acid-
induced platelet aggregation in a concentration-dependent
manner. The ICs, value was 18.7 + 4.1 uM. However, it had no
effect on adenosine diphosphate- or platelet activating factor-
induced aggregation. Aspirin significantly suppressed arachi-
donic acid-induced aggregation with an ICsq of 28.4 + 5.2 uM
(Table 1).
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Spiramine Q at 2.5 mg/kg (6.7 uM/kg) administered intrave-
nously markedly inhibited arachidonic acid-induced aggrega-
tion by 92.8 + 2.3% 10 min after administration. This strong
inhibition lasted for 120 min (P < 0.05 vs. 0 min). Spiramine Q
(5mg/kg, 13.3uM/kg) had an inhibitory effect within 10-
240 min after injection (Table 2). Neither spiramine Q nor as-
pirin had any influence on adenosine diphosphate- or platelet
activating factor-induced platelet aggregation (data not pres-
ented).

Spiramine Q selectively reduced arachidonic acid-caused pla-
telet serotonin release with a lower ICs, value of 21.7 compar-
ed to that of aspirin (33.4 uM) (Table 3). Both of them, howev-
er, had no influence on serotonin release caused by adenosine
diphosphate or platelet activating factor (data not shown).

Within 15 min after injection of 80 mg/kg arachidonic acid in
the mouse tail vein, the mortality was 86.6, 13.3, and 26.7% in
control group, 5 mg/kg (13.3 uM/kg) spiramine Q and 5 mg/kg
(27.8 uM/kg) aspirin treated groups, respectively (Table 4).

Spiramine Q inhibited platelet aggregation induced by arachi-
donic acid but showed no significant inhibition on adenosine
diphosphate- or platelet activating factor-induced aggrega-
tion in vitro or ex vivo. This suggested that spiramine Q exert-
ed a selective inhibitory effect on arachidonic acid-induced
platelet aggregation. In vitro, the ICs, of spiramine Q was low-
er than that of aspirin and ex vivo spiramine Q at 5 mg/kg
(13.3 uM/kg) produced a nearly equal inhibitory effect to that
of aspirin 10 mg/kg (55.6 uM/kg). Obviously, spiramine Q as
compared with aspirin was more active in inhibiting platelet
aggregation based on their molar levels per kg body weight.

On activation, serotonin is released from platelets leading to
further aggregation. In this study, spiramine Q selectively
suppressed arachidonic acid-induced serotonin secretion
from platelets in a concentration-dependent manner, and
showed a more potent effect than aspirin. This might contrib-
ute to its stronger antiplatelet activity.

At 13.3uM/kg spiramine Q markedly decreased the mouse
mortality challenged by intravenous injection of arachidonic
acid in the tail vein, giving a lower mortality than that of
27.8 uM/kg aspirin. This demonstrated that spiramine Q had a
stronger antithrombotic effect. Sudden death induced by
arachidonic acid is probably due to pulmonary thrombosis
and ensuing hypoxia, as massive platelet aggregation occurs
in the pulmonary vessels (3). Thromboxane A, plays an im-
portant role in arachidonic acid-induced platelet aggregation
(4), and is a major mediator in arachidonate-mediated throm-
bosis (5). Spiramine Q has a potent inhibition effect on plate-
let aggregation both in vitro and ex vivo. We speculate that
the antithrombotic effect of spiramine Q might result from its
antiplatelet effect. Further studies are required to evaluate the
mechanism of the antiplatelet effect of spiramine Q. In con-
clusion, spiramine Q, a diterpene isolated from Spiraea japoni-
ca var. incisa Yu, should become a promising plant drug with
antiplatelet and antithrombotic activities.

Materials and Methods

The roots of Spiraea japonica var. incisa Yu were collected in
Dali City, Yunnan Province, China. The voucher specimen was
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Table 1 Effects of spiramine Q on rabbit platelet aggregation induced by arachidonic acid (AA), adenosine diphosphate (ADP), or platelet-acti-

vating factor (PAF) in vitro.

Platelet aggregation/%

Drug/uM AA ADP PAF
spiramine Q aspirin spiramine Q aspirin spiramine Q aspirin

0 72.5+3.6 714 +25 62.3 + 4.1 59.4 £ 2.8 61.5+3.7 62.6 £ 2.9

5 65.7 +2.8 69.4+238 62.1+3.4 583 £ 2.1 59.7£25 60.7 £ 3.2
10 47.4+ 3.2 56.5 £ 3.5% 61.5+2.5 57.3+3.4 60.4 +2.6 61.3%2.6
20 32121 42,6 + 2.5 60.3 £3.2 58.4+25 59.4 £ 2.7 62.2+23
40 26.5+2.8%" 30.5+24% 59.5+2.8 60.1+ 1.7 59.7 £33 59.4 + 3.6
80 123 +23*F 257 £1.8*" 61.2+1.7 57.4 £ 3.1 58.9 % 3.6 61.8+2.7
Expressed as mean + SD of 5 rabbits.
Values are significantly different from the control at *P < 0.05, **P < 0.01 by Student's t-test.
Table 2 Effects of spiramine Q intravenously on rabbit platelet aggregation induced by arachidonic acid.
Drug/mg/kg  Platelet aggregation/%

0 10 30 60 90 120 180 240 min

Spiramine Q
2.5 745 %26 45+15* 25+£12*" 50+1.8"" 14.0 £2.5** 45.8+3.2* 67.2+35 715+ 2.1
5.0 75.5+34 25+12**  00+0.0** 25%+15%* 48+1.7*" 19.6 £2.2** 40.5+3.2* 59.8+2.7"
Aspirin
10.0 726 +238 25+17** 00£0.0"" 36%x11*" 54+£19"" 226+23"" 426+3.1" 564+%3.6"

Expressed as mean + SD of 6 rabbits.

Values are significantly different from 0 min at *P < 0.05, **P < 0.01 by Student's t-test.

Table 3 Effect of spiramine Q on arachidonic acid-induced serotonin
release from rabbit platelets in vitro.

Serotonin/nM/10° platelets

Drug/uM Spiramine Q Aspirin

0 1.9+0.2 1.8+£0.2

5 1.6£0.2 1.7+ 04
10 1.2+£0.1" 1.3+£0.2%
20 09+0.1" 1.1+£0.1*
40 0.6 +0.1** 0.7 +0.2"*
80 04+0.1%" 0.6 +0.1""

Expressed as mean + SD of 5 rabbits.

Values are significantly different from the control at *P < 0.05, **P < 0.01 by
Student's t-test.

Table 4 Preventive effect of spiramine Q against mouse sudden
death caused by injection of 80 mg/kg arachidonic acid in the tail
vein.

Drug Dose (mg/kg)  Died/total Mortality (%)
Saline - 13/15 86.6
Spiramine Q 5 2/15 13.3*
Aspirin 5 4/15 26.7*

Saline and the drugs were given intraperitoneally 30 min before injection of
80 mg/kg arachidonic acid in the mouse tail vein.

“Died” denotes the number of animals that died 15 min after injection of
arachidonic acid; “total” denotes the number of animals used in the study.

*P < 0.05, significantly different from the result for the same volume of saline
group.

deposited in the Herbarium of the Department of Phyto-
chemistry, Kunming Institute of Botany, the Chinese Academy
of Sciences, P. R. China (Number: 95078). Spiramine Q was
supplied by Professor Xiaojiang Hao (HPLC; purity >97.8%).
Its optical rotation value is [o]3’: —-70° (CHCl5, ¢ 0.84) (2). It
was dissolved in distilled water, adjusting its pH to about 6.5
with 0.1 MHCI.

Arachidonic acid, adenosine diphosphate, and platelet-acti-
vating factor were all from Sigma. Arachidonic acid was dilut-
ed in 100 mM Na,CO; before use. Adenosine diphosphate was
dissolved in phosphate buffer solution. Platelet activating fac-
tor was dissolved in Tris-NaCl buffer containing 0.25% bovine
serum albumin. Serotonin was dissolved in distilled water, as
a standard.

Healthy rabbits of either sex weighing 2.0-3.0 kg were used
for platelet aggregation and male ICR mice (about 25 g) for
thrombosis. Blood from the rabbit carotid artery was anticoa-
gulated with 3.8% sodium citrate solution (9/1, v/v). Platelet-
rich plasma and platelet-poor plasma were obtained by the
centrifuging the blood at 1000 and 3000 rev/min, respective-
ly, for 10 min. Platelet-poor plasma was used as the reference
for platelet aggregation or to adjust the platelet count in pla-
telet-rich plasma (5 x 10 cell/L).

Platelet aggregation in plasma was monitored by Born's
method (6) with an aggregometer (model SH-93, Shanghai
Biochem. Equipment Co.) at 37 °C. The maximal aggregation
was recorded (final concentration: arachidonic acid 0.35 mM,
adenosine diphosphate 3uM, and platelet activating factor
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7.2nM). Percentage inhibition by drugs was calculated ac-
cording to the formula:

Inhibition of aggregation (%)= (A-B) /A x 100

where A = maximum change of turbidity in control added and
B = maximum change of turbidity in sample added.

Rabbits were randomly divided into 4 groups of 6. Group A:
the same volume of saline, groups B and C: 2.5 and 5 mg/kg
spiramine Q, and group D: 10 mg/kg aspirin. All the above
substances were injected in rabbit ear marginal vein, respec-
tively. Platelet-rich plasma and platelet-poor plasma were
prepared before injection and 10, 30, 60, 90, 120, 180, and
240 min after injection. Platelet aggregation was monitored.

Serotonin release was measured after (7) with a spectrofluoro-
photometer (model RF5000, SHIMADZU Co, Japan).

Mice were divided into 3 groups of 15. Groups A and B: 5 mg/
kg spiramine Q and aspirin, respectively, and group C: 0.9% of
saline. All the above substances were intraperitoneally inject-
ed. After 30 min, 80 mg/kg arachidonic acid was injected into
the mouse tail vein. The mortality was evaluated within
15 min after injection of arachidonic acid according to Myers's
method (8). The difference in the data between the treated
groups and control group was analyzed by X? test.

References

1Zhang XS, Wang BD. Chinese medicine dictionary (Edited by
Jiangsu Medical College). Shanghai Science and Technology
House. 1993: 4057 - 64

2 Hao X], Hong X, Yang XS, Zhao BT. Diterpene alkaloids from roots
of Spiraea japonica. Phytochemistry 1995; 38: 545-7

3 Masakado M, Umeda F, Yamauchi T, Ishii H, Ono Y, Nawata H. Hu-
man fibroblast cells produce a factor that stimulates prostacyclin
synthesis by vascular endothelia cells. Thromb. Res. 1994; 76:
513-24

4 Ogletree ML. Overview of physiological and pathophysiological
effects of thromboxane A,. Fed. Proc. 1987; 46: 133-8

5 Kohler C, Wooding W, Ellenbogen L. Intravenous arachidonate in
the mouse: A model for evaluation of antithrombotic drugs.-
Thromb. Res. 1976; 9: 67-80

6Born GVR. Aggregation of blood platelets by adenosine diphos-
phate and its reversal. Nature 1962; 194: 927-9

7Wan HY, Chen H, Xi XD, Ruan CG. Fluorophotometry for platelet
5-HT. Jiangsu Medicine 1985; 11: 24-5

8 Myers AK, Forman G, Torrs Duarte AP, Penhos J, Ramwell P. Com-
parision of verapamil and nifedipine in thrombosis models.Proc.
Soc. Exp. Biol. Med. 1986; 183: 86-91

Shen Zhigiang

Yunnan Pharmacological Laboratories of Natural Products
Kunming Medical College, Kunming 650031

Yunnan Province

P.R. China

E-mail: szq2000@yahoo.com

Fax: +86-871-5316884

Planta Med. 66 (2000)

289

Downloaded by: Kunming Institute of Botany, CAS. Copyrighted material.



