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Abstract—Amentoflavone is found in a number of plants with medicinal properties, including Ginkgo biloba and Hypericum per-
foratum (St. John’s Wort). We have developed a rapid and economic semi-synthetic preparation of amentoflavone from biflavones
isolated from autumnal Ginkgo biloba leaves. Several studies have shown that amentoflavone binds to benzodiazepine receptors.
Using two electrode voltage-clamp methodology, amentoflavone has been shown to be a negative modulator of GABA at GABAA

a1b2g2L receptors expressed in Xenopus laevis oocytes This action appears to be independent of the flumazenil-sensitive benzo-
diazepine modulatory sites on the GABAA receptor.
# 2003 Elsevier Science Ltd. All rights reserved.
Many recent studies indicate that flavones, a class of
flavonoids, bind to the benzodiazepine site at GABAA

receptors and exert anxiolytic activity in mice without
many of the unwanted effects associated with the use of
benzodiazepines.1 Amentoflavone, a member of the
biflavone class is a minor constituent of the herbal anti-
depressant St. John’s Wort (0.01–0.05%)2 and has been
described as a high affinity inhibitor (Ki=6 nM) of the
benzodiazepine agonist 3H-flunitrazepam, binding in a
mixed type competitive and non-competitive manner to
benzodiazepine receptors in synaptosomal membranes
of the mammalian brain.3 Additionally, amentoflavone
has been reported to show a high affinity for human
cloned benzodiazepine receptors (Ki=6 nM)4 and inhibit
3H-flunitrazepam binding to rat brain (IC50=14.9�1.9
nM).5 Based on the similar potency in displacing
3H-diazepam binding in hippocampal and cerebellar
membranes, it was concluded that amentoflavone does
not discriminate between benzodiazepine receptor sub-
types.3

Amentoflavone was the first high affinity ligand known
for the benzodiazepine receptor devoid of nitrogen in its
structure, and its biochemical characterisation led to the
proposal that it behaves as a partial agonist. However,
due to reported in vivo pharmacological efffects6 and
no change in the in vivo binding of 3H-flunitrazepam
being observed after intravenous administration of
amentoflavone,3 it has been suggested that it is either
rapidly metabolised or cannot cross the blood–brain
barrier.3,6

Recently amentoflavone has been found to be taken up
into porcine brain endothelial cells predominantly by
passive diffusion and is transported across porcine brain
capillary endothelial cells (BCEC) monolayers, suggest-
ing that amentoflavone would be able to penetrate the
brain in vivo.7 A comprehensive battery of in vitro
radio-ligand binding assays has also shown that
amentoflavone significantly inhibits binding at sero-
tonin (5-HT1Da Ki=4 094 nM, 5-HT2C Ki=2 555 nM),
D3-dopamine (Ki=1 241 nM), d-opioid (Ki=36.5 nM)
while having no effect on GABA binding at the GABAA

receptor site.4 However, until now no studies have been
carried out to determine the action of amentoflavone in
functional GABA receptor assays.

The concentration of biflavones (Fig. 1) in Ginkgo
leaves has been reported to vary from 0.047–1.68%,
with amentoflavone being approximately 2% of the
total biflavones.8,9 The biflavones present in Ginkgo
leaves, are all related compounds varying only in the
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presence of a methoxyl or hydroxyl group at positions
5, 30 and 4000, with the exception of 500-methoxybilobetin,
which has an additional methoxyl at the 50 position. As
a rapid and economic preparation of amentoflavone we
have isolated the major biflavone component excluding
50-methoxybilobetin of Ginkgo biloba leaves and sub-
sequently carried out a demethylation to yield amento-
flavone.

The biflavone content of Ginkgo biloba leaves increases
from an undetectable quantity in the buds with low
quantities appearing later, in the young leaves and the
amount increasing slowly during the vegetative cycle,
the highest amounts being found in fallen yellow
autumnal leaves.10 We used fallen autumnal leaves col-
lected and air dried during April (southern hemisphere).
Previously described methods for the isolation of
amentoflavone8 and 50-methoxybilobetin11 proved diffi-
cult and inefficient necessitating the development of
improved methodology.

The dried autumnal yellow leaves were milled to a fine
powder and first extracted twice with hexanes to remove
non-polar components. 1H NMR analysis of the com-
ponents extracted by a number of solvents demon-
strated that ethyl acetate was most effective at
extracting the biflavones with the least amount of
unwanted components. The crude biflavone extract was
purified using silica gel and affinity chromatography to
yield pure biflavones (1440 mg from 450 g of dried
leaves) which was identified as approximately a 1:1 mix-
ture of ginkgetin and isoginkgetin, with no sign of
50-methoxybilobetin or any of the other biflavones known
to be present in Ginkgo biloba leaves. This is consistent
with a similar method of extraction that also reported
isolating a mixture of ginkgetin and isoginkgetin.12

The mixture of ginkgetin and isoginkgetin was de-
methylated using hexadecyltributylphosphonium bromide
in refluxing hydrogen bromide.13 The reaction was
monitored periodically by 1H NMR which indicated
rapid demethylation of the C-7 and C-3000 methoxyls
and much slower hydrolysis of the sterically shielded
C-40 methoxyl. Complete hydrolysis of all methoxyls
occurred after 60–72 h. The crude product was purified
using gel affinity chromatography and recrystallisation,
to give amentoflavone14 (87.5%) (>98% purity by 1H
NMR) with identical spectrometric data to that pre-
viously reported.8

The electrophysiological action of amentoflavone was
investigated using two-electrode voltage clamp recording
of human recombinant a1b2g2L GABAA receptors
expressed in Xenopus laevis oocytes15 according to pre-
viously reported methods.16 Amentoflavone alone pro-
duced no response, however when amentoflavone was
tested in the presence of GABA (30 mM) it was found to
be a negative modulator of the GABA response
(a1b2g2L) (Fig. 2). Amentoflavone was found to be a
moderate negative modulator of GABA with an
EC50=3.6 mM (95% C. I. 2.89<m<4.46) (logIC50=
0.55�0.05) (Fig. 3).

This inhibitory action of amentoflavone on GABA
responses was unaffected by increasing concentrations of
flumazenil (0.1–100 mM) (results not shown), indicating
Figure 1. Structures of biflavones in Ginkgo biloba.
Figure 2. Current trace from an oocyte expressing GABAA a1b2g2L
receptors in the presence of GABA (30 and 1000 mM) and amento-
flavone (10 mM), showing inhibition of the GABA (30 mM) response
by amentoflavone (10 mM).
Figure 3. Dose–response curve for amentoflavone in the presence of
30 mM GABA at GABAA a1b2g2L receptors expressed in Xenopus
laevis oocytes, logIC50=0.55�0.05.
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that the negative modulation of GABAA (a1b2g2L)
receptors by amentoflavone is not mediated via high
affinity (flumazenil sensitive) benzodiazepine sites.
Additionally, at concentrations of amentoflavone below
0.1 mM in the presence of GABA (5mM) and diazepam
(0.3 mM), amentoflavone has no effect on the enhance-
ment of the GABA response by diazepam (Fig. 4)
offering further evidence that the negative modulation
of GABAA receptors by amentoflavone is independent
of high affinity benzodiazepine binding sites.

We have developed a high yielding, rapid semisynthetic
method for the preparation of amentoflavone and we
have carried out the first electrophysiological investi-
gation of amentoflavone at functional GABAA

(a1b2g2L) receptors. Amentoflavone acts as a negative
modulator of the GABAA response. This action is un-
likely to occur via a direct action at the GABA binding
site since amentoflavone has been reported not to affect
GABA binding.4 In addition the action of amento-
flavone at GABAA receptors does not appear to be
mediated by high affinity (flumazenil sensitive) benzo-
diazepine sites, despite being shown to bind with high
affinity at these sites.4�6
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