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Abstract

Background: Comparative vasodilating actions of the constituents of Ginkgo biloba extract (GBE), terpenoids (bilobalide,
ginkgolides A, B and C) and flavonoids (quercetin and rutin), were examined using rat aorta ring strips. Methods: Cumulative
administrations of GBE and its constituents were followed with the pretreatment of 5 umol/l NE. Results: GBE at 0.03 to 3 mg/
ml had a potent concentration-dependent relaxation; by 70 + 4.5% (n=6, P<0.001) at 3 mg/ml. Terpenoids and flavonoids at
0.1 to 100 umol/l had potent concentration-dependent relaxation. At 100 pmol/l, bilobalide dilated by 17.6 = 3.9% (n=7,
P<0.05), and ginkgolides A, B and C also caused it to the almost same extent. Quercetin (100 pmol/l) caused a potent
vasorelaxation by 49.9 + 4.8% (n=10, P<0.001). Rutin at 100 umol/l had weaker vasorelaxation; by 13.7 +3.2% (n=6,
P<0.01). Conclusions: All constituents of GBE have the concentration-dependent vasorelaxtant effect. The potency of GBE’s
action was not made simply by addition of those of the constituents. Each constituent itself would contribute to the GBE-

induced vasodilation, although the constituents have the complicated interactions with each other.
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1. Introduction

Recently, Ginkgo biloba extract (GBE) has been
used worldwide as a herbal medicine [1,2]. There are
many clinical applications that demonstrate the effi-
cacy of GBE for treatment of disturbances of circula-
tion disorders, cerebrovascular insufficiency [3],
dementia [4], peripheral vascular disease such as
arterial occlusive diseases [5], and age-dependent
damages [6]. For the pharmacological mechanisms,

* Corresponding author. Tel.: +81-744-29-8831; fax: +81-744-
25-7657.
E-mail address: hysat@naramed-u.ac.jp (H. Satoh).

0009-8981/$ - see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.ccen.2003.10.004

it has already been shown that GBE causes an
endothelium-dependent relaxation in isolated rabbit
aorta strip [7] and exhibits cerebrovascular relaxation
via NO releasing [8].

While GBE contains many constituents, the main
pharmacologic agents are flavonoids and terpenoids
[9,10]. In recent HPLC analysis, the quality of GBE has
been standardized as containing 22—-27% w/w flavo-
noid glycosides and 6% w/w terpenoids [2]. Bilobalide
has a sesqiuterpen lactone, and ginkgolides A, B and C
have a diterpen lactones. Quercetin, one of the flavo-
noids in GBE, exists as mono-, di-, tri-glycosides in
GBE. Rutin (or termed as quercetin rutinoside) is also
involved in GBE and is flavonol glycoside derived
from quercetin.
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We recently demonstrated that GBE causes the
vasorelaxation mainly due to both endothelium-depen-
dent (NO releasing from endothelium cells) and -
independent mechanisms (Ca®" influx control of
smooth muscles) induced by bilobalide [11]. Bilobalide
also has potent electropharmacological effects to car-
diac cells [12]. The other constituents of GBE (such as
ginkgolides A, B and C, quercetin and rutin) also
possess unique pharmacological actions on cardiac
muscle cells [13]. These suggest that each constituent
of GBE would exhibit different pharmacological
effects on the ion channels or the intracellular signal
transductions and also on the vascular tone control
system. However, there is yet little information regard-
ing their pharmacological mechanisms of vasorelaxa-
tion induced by each constituent of GBE. In the present
study, we examined how much each constituent con-
tributes to GBE-induced pharmacological actions, and
compared the vasodilating actions induced by major
constituents such as terpenoids (bilobalide, ginkgolides
A, B and C) and flavonoids (quercetin and rutin).

2. Materials and methods

All experiments were carried out according to the
guidelines laid down by the Nara Medical University
Animal Welfare Committee, and also under the terms
of the Declaration of Helsinki. Wistar male rats (4 to
15 weeks old) were anesthetized with ether, and
euthanized by exsanguination. The thoracic aorta
was quickly removed, and the isolated aorta was cut
into 3-mm ring in length. The rings were suspended
between two triangular-shaped stainless steel stirrups
in a jacketed organ chamber filled with 20 ml modified
Krebs—Henseleit solution. The modified Krebs—Hen-
seleit solution was in mmol/l; 118 NaCl, 4.6 KCI, 1.2
MgSO,, 1.2 KH,POy, 11.1 glucose, 27.2 NaHCO3,
0.03 Ethylene glyco-bis (2-aminoethylether)-N,N,
N',N'-tetraacetic acid (EGTA), and 1.8 CaCl,. The
chamber solution was kept at 36.5 °C and was oxy-
genated with 95% O, and 5% CO,. The lower stirrup
was anchored and the upper stirrup was attached to a
force-displacement transducer (Nihon Kohden TB-
652T, Tokyo, Japan) to record the isometric force.
All rings were stretched to generate a resting tension of
2 g, which was optimal for contractions with a-
adrenergic receptor agonist. After 40 min of resting,

NE (5 umol/l) was added into the tissue bath. After the
NE-induced contractile response became steady, the
compounds were cumulatively administrated into the
bath solution. The changes by each concentration of
compounds were measured 6—10 min after their
responses became steady. The relaxation response
was analyzed as a percentage decrease from the
maximal contraction induced by NE.

The drugs used were GBE (Ginkgolon-24®),
bilobalide, ginkgolides A, B, and C, quercetin (an
aglycone type) and rutin (Tokiwa Phytochemical,
Tokyo, Japan). Ginkgolon-24® was prepared as
follows. Dried green leaves of Ginkgo biloba were
extracted with diluted ethanol and concentrated at
50-60 °C under reduced pressure. The concentrated
solution was filtered through a filter aid (diatomite),
and then, purified with an absorbent resin. The
fraction corrected was concentrated and dried at
70—-80 °C with reduced pressure. All drugs were
dissolved into DMSO (Wako, Osaka Japan). All
values are represented as the means + S.E.M. The
differences of data in mean values were analyzed by
the student #-test and ANOVA, and a P<0.05 was
considered significant.

3. Results

The aorta ring strips of rat exhibited a strong
contraction after an initial application of 5 pmol/l NE.
Subsequent applications of GBE (0.03 to 3 mg/ml)
potently relaxed the contraction induced by NE in a
concentration-dependent manner. The significant re-
laxation was produced at the concentrations >0.1
mg/ml. Application of 0.1 mg/ml GBE produced a
significant relaxation by 3.7 + 1.2% (n=6, P<0.05)
and GBE at 3 mg/ml decreased the contractions by
70.0 £ 4.5% (n=6, P<0.001) (Table 1). Similarly,
bilobalide, ginkgolides A, B and C at 0.1 to 100

Table 1
GBE-induced vasorelaxation in rat aorta ring strips

GBE concentrations (mg/ml)
n  0.03 0.1 0.3 1 3
6 0.61+£029 3.7+12% 99+2.8* 26.1+4.0° 70.0+4.5°

Values (%) represent mean+S.E.M. *P<0.05, ®pP<0.01, °P<0.001,
with respect to control value.
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Table 2
Concentration-dependent vasorelaxation in the presence of terpenoids (bilobalide, ginkgolides A, B and C) and flavonoids (quercetin and rutin)
n (pmol/l) 0.1 0.3 1 3 10 30 100

Bilobalide 7 0.30£0.62 1.1£0.75 1.4£1.0 3.0+1.7* 5.0+1.7° 9.5+2.4° 0.2+3.5°
Ginkgolide A 8 1.1+£0.53 1.340.38° 3.1+0.68° 5.1+0.64° 6.7+0.86° 10.2+1.1° 15.0+1.6°
Ginkgolide B 9 1.6+0.45° 2.4+0.62° 3.540.84° 5.5+1.1° 7.3£0.86° 9.4+1.2° 6.6+£2.6°
Ginkgolide C 8 1.1+0.35° 1.940.48° 2.8+0.55°  4.8£0.55°  5.8+12° 8.140.90°  17.9+3.6°
Quercetin 10 0.98+0.48" 2.0+0.66" 3.7+0.97* 5.8+1.4° 17.2+4.3° 27.7+5.7° 49.4+4.7°
Rutin 6 —0.71+0.65 —1.9+1.8 —1.3+£22 0.28+2.3 2.8+22 5.0+2.8 13.6+3.2°

Values (%) represent mean+S.E.M. *P<0.05, ®P<0.01, °P<0.001, with respect to control value.

umol/l caused concentration-dependent relaxations.
Bilobalide did not significantly exert vasorelaxation
at 0.1—1 pmol/l (by approximately 0.3—1%) but did
at >3 pumol/l. Bilobalide at 100 pmol/l dilated by
20.2 £3.5% (n=7, P<0.001). Ginkgolide A at >0.3
pmol/l, and ginkgolides B and C at >0.1 umol/
1 showed similar concentration-dependent vasorelax-
ation. Ginkgolides A, B and C caused the significant
effects at lower concentrations than bilobalide. How-
ever, no significant difference among terpenoids
occurred at any concentrations. These vasodilating
actions of the constituents are summarized on Table
2. At 100 umol/l ginkgolides A, B and C dilated rat
aorta by 15.0 £ 1.6% (n=8, P<0.001), 16.6 £2.6%
(n=9, P<0.001) and 17.9 + 3.6% (n=28, P<0.001),
respectively.

On the other hand, quercetin, a type of flavonoids,
showed stronger vasorelaxation than each terpenoid.
Quercetin’s actions behaved in a concentration-depen-
dent fashion. Quercetin at 0.1 pmol/l produced sign-
ficant vasorelaxation and was very strong at 49.4 +
4.7% at 100 pmol/l (n= 10, P<0.05). Rutin caused the
vasorelaxation, but was weaker than quercetin. Rutin at
low concentrations (0.1 to 30 pmol/l) had weak con-
tractions (not significant), and at 100 pmol/l caused a
significant vasorelaxation by 13.7 £3.2% (n=6,
P<0.01) (Table 2).

4. Discussion

The present experiments showed that (a) GBE
caused a concentration-dependent vasorelaxation, (b)
bilobalide and ginkgolides A, B and C also showed
the concentration-dependent vasorelaxations, but their
actions were weaker than GBE’s action, and (c)
flavonoids also showed a vasorelaxation. (d) Espe-

cially, quercetin showed the strongest action among
the crude drugs in terpenoids and flavonoids.

Recently, the contents of constituents in GBE have
been analyzed in the laboratory of Tokiwa Phyto-
chemical. 1 mg/ml of GBE contains approximately
100 pmol/l bilobalide, 68 pmol/l ginkgolide A, 37
umol/l ginkgolide B, 33 pmol/l ginkglide C, and 42
pmol/l rutin. Quercetin itself is aglycone and exists in
GBE just as mono-, di-, or tri-glycosides. After a
hydrolysis of quercetin glycosides, the quantity of
quercetin was evaluated by HPLC analysis. The
amount of quercetin glycosides containing in 1 mg/
ml GBE is estimated to be approximately 300 pmol/
1 quercetin. In a recent German pharmaceutical anal-
ysis, the quality of GBE was standardized to contain
22-27% w/w flavonoid glycosides and 6% w/w ter-
penoids [2], and the similar GBE is also used in Japan.
However, flavonoids contain not only quercetin-relat-
ed derivative but also kaempferol and isorhamnetin.
Also, other terpenoids (e.g., ginkgolide J or M) not
examined in this study also contain in GBE. Further-
more, the other substances in about 70% remaining of
GBE might exert some actions. But these substances
would have minor effects on the vasodilating actions
from the previous reports [9—11].

4.1. Comparative vasodilating actions of terpenoids

GBE produced significant vasorelaxation from
concentrations >0.1 mg/ml. GBE at 0.1 mg/ml con-
tains 10 umol/l bilobalide, 6.8 pmol/l ginkgolide A,
3.7 pmol/l ginkgolide B, and 3.3 umol/I ginkgolide C.
These concentrations are sufficient to produce signif-
icant vasorelaxation and contribute to GBE’s effect.
But the dose—response curve of bilobalide was similar
to that of GBE up to 1 mg/ml. In the present studies,
GBE at 1 mg/ml produced 26.1%-vasorelaxation, and
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bilobalide at 100 pmol/l was 20.2%. Once made a
total of vasodilating potencies at concentrations of
each constituent (100 pmol/l bilobalide, 68 umol/
| ginkgolide A, 37 pmol/l ginkgolide B, and 33
umol/l ginkgolide C) containing 1 mg/ml GBE, the
sum was much larger than 1 mg/ml GBE. Thus, the
intricate interactions with the constituents would be
involved with the GBE-induced vasorelaxation. It has
been reported that bilobalide, ginkgolides A and B
possess high bioavailability, when orally administrat-
ed [14,15]. Therefore, it can be suggested that terpe-
noids may contribute to GBE’s effects sufficiently on
clinical use.

4.2. Comparative vasodilating actions of flavonoid

Quercetin itself does not exist in GBE, but had a
strong vasorelaxation effect in the present experi-
ments. After hydrolysis, quercetin glycosides in 1
mg/ml GBE correspond to 300 pmol/l quercetin.
However, the vasorelaxation induced by 300 pmol/
1 quercetin itself was too much stronger as compared
with that induced by 1 mg/ml GBE. In the present
experiments, thus, since quercetin exists as glycosides
in GBE, quercetin might have less or no effect in
vasodilation induced by GBE. Rutin showed weaker
vasorelaxation than quercetin. Rutin is one of the
glycosides of quercetin. When orally administrated,
it is still unclear how much quercetin contributes to
GBE’s actions. Several studies for human have
reported that quercetin and quercetin glycosides can
be absorbed from intestines and are found in plasma
as glucuronides or sulfates of quercetin and unconju-
gated quercetin aglycone [16—18]. In oral administra-
tion, rutin would be absorbed and be converted to
quercetin-related metabolites and/or unconjugated
quercetin aglycone. Further investigations are needed
to elucidate the clinical pharmacological effects of
quercetin and metabolites of quercetin (ie, using
glycosidase and purified extract from hepatocytes).

4.3. Conclusion

These results suggest that all the constituents cause
vasodilating action and contribute much or less to
GBE-induced vasorelaxation. However, a sum of the
pharmacological potencies induced by both terpenoid
and flavonoids (except for quercetin) is not equal to

that of GBE. Thus, GBE-induced vasorelaxation
would be exhibited as a whole response mediated
through the extremely complicated interactions with
all the constituents.
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