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Abstract

The effects of Ginkgo biloba leaf extract on rat brain or livermonoamine oxidase (MAO)-A
and -B activity, biogenic amine concentration in nervous tissue, N-methyl-D-aspartate
(NMDA)- and N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine (DSP-4)-induced neuro-
toxicity and antioxidant activity was investigated to determine the effects of the extract
on monoamine catabolism and neuroprotection.

Ginkgo biloba leaf extract was shown to produce in-vitro inhibition of rat brain MAO-A
and -B. The Ginkgo biloba extract was chromatographed on a reverse-phase HPLC system
and two of the components isolated were shown to be MAO inhibitors (MAOIs). These
MAOIs were identi®ed by high-resolution mass spectrometry as kaempferol and iso-
rhamnetin. Pure kaempferol and a number of related ¯avonoids were examined as MAOIs
in-vitro. Kaempferol, apigenin and chrysin proved to be potent MAOIs, but produced more
pronounced inhibition of MAO-A than MAO-B. IC50 (50% inhibition concentration) values
for the ability of these three ¯avones to inhibit MAO-A were 7�10ÿ7, 1�10ÿ6 and
2�10ÿ6

M, respectively. Ginkgo biloba leaf extract and kaempferol were found to have no
effect ex-vivo on rat or mouse brain MAO or on concentrations of dopamine, noradrenaline,
5-hydroxytryptamine and 5-hydroxyindoleacetic acid. Kaempferol was shown to protect
against NMDA-induced neuronal toxicity in-vitro in rat cortical cultures, but did not prevent
DSP-4-induced noradrenergic neurotoxicity in an in-vivo model. Both Ginkgo biloba
extract and kaempferol were demonstrated to be antioxidants in a lipid-peroxidation assay.

This data indicates that the MAO-inhibiting activity of Ginkgo biloba extract is pri-
marily due to the presence of kaempferol. Ginkgo biloba extract has properties indicative
of potential neuroprotective ability.

Ginkgo biloba fruits have been used for medicinal
purposes in China for centuries. More recently,
extracts of the leaves have been used to protect
against capillary fragility, cognitive de®cits, cere-
bral and vascular insuf®ciency and other age-
related problems. Recent studies have indicated
that extracts of Ginkgo biloba leaf are effective in
alleviating certain cognitive de®cits in patients
diagnosed with dementia of the Alzheimer type (Le
Bars et al 1997; Maurer et al 1997). Extracts of
Ginkgo biloba leaves are chemically complex and

dozens of compounds have been isolated, including
a variety of terpenes, catechins and ¯avonoids
(Weinges et al 1968a, b). Standardized extracts of
Ginkgo biloba leaf contain about 24% Ginkgo ¯a-
vone glycosides and about 6% terpene lactones.
Although some components of Ginkgo biloba have
been evaluated and found to possess interesting
pharmacological properties (Foldes-Filep & Filep
1988; Ferriola et al 1989; Medina et al 1997), the
possible pharmacological relevance of many of
these compounds remains to be elucidated.

Several studies have determined that some nat-
ural ¯avonoids and related synthetic compounds
are potent inhibitors of monoamine oxidase (MAO)
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in-vitro (Sparenberg et al 1993; Thull & Testa
1994) and, recently, it has been reported that
extracts of Ginkgo biloba leaves inhibit MAO type
A (MAO-A) in a reversible manner (White et al
1996). Consistent with its ability to inhibit MAO-
A, it has been reported that extracts of Ginkgo
biloba elevate the levels of biogenic amines,
especially 5-hydroxytryptamine (5-HT) in the
brains of rodents (Petkov et al 1993). These studies
suggest that Ginkgo biloba extract might act as an
antidepressant in a manner similar to synthetic
MAO inhibitors (MAOIs). Indeed, reports of
Ginkgo biloba extracts acting as anti-anxiety or
anti-stress agents in rodent models thought to be
predictive of antidepressant effects in humans are
now in the literature (Porsolt et al 1990; Rapin et al
1994; Satyan et al 1997).

Both Ginkgo biloba extracts (Ramassamy et al
1990; Marcocci et al 1994; Kose & Dogan 1995)
and ¯avonoids (Galvez et al 1995; Chen et al 1996;
Kerry & Rice-Evans 1999) have been shown to be
potent antioxidants. Some ¯avonoids are known to
scavenge radicals formed under a number of cir-
cumstances including anoxia, lipidic auto-oxidation
and in¯ammation. Flavonoids also chelate poly-
valent ions such as Fe3� and Al3� (reviewed by
Gabor 1988). The presence of an excess amount of
these ions is thought to contribute to certain aspects
of neurodegenerative diseases. The scavenging of
free radicals, the inhibition of MAO and the chel-
ation of metal ions are all believed to contribute to
the neuroprotective properties of certain drugs in
some, but not all, neuroprotection models.

We evaluated the effects of a standardized com-
mercial Ginkgo biloba extract on MAO activity and
on potential neuroprotective mechanisms. Two
compounds in the extract were found to be inhibitors
of MAO in-vitro. The most potent MAOI, later
identi®ed as kaempferol, and the original Ginkgo
biloba extract were examined for ex-vivo effects on
MAO activity and biogenic amine concentrations
in mice or rats. Kaempferol was investigated for
neuroprotective effects in an in-vitro N-methyl-D-
aspartate (NMDA)-induced neuronal toxicity assay
and in an in-vivo N-(2-chloroethyl)- N-ethyl-2-bro-
mobenzylamine (DSP-4)-induced noradrenergic
toxicity model. The antioxidant capacity of Ginkgo
biloba leaf extract and kaempferol was also assessed.

Materials and Methods

Animals
Male Sprague±Dawley rats, 200±250 g, (Charles
River, Ontario) were housed two per cage and

maintained on a 12-h light±dark cycle at 22�C.
Male Swiss mice, 25±30 g, (Charles River,
Ontario) were housed ®ve per cage and maintained
on a 12-h light±dark cycle at 22�C. All animals had
free access to food and water.

Herbs and chemicals
Ginkgo biloba extract (24% Ginkgo ¯avone gly-
cosides and 6% terpene lactones) was obtained
from Acta Pharmacal (Sunnyvale, CA). Identity of
the Ginkgo sample was con®rmed using high-per-
formance liquid chromatography (HPLC) coupled
to ultraviolet absorbance and electrospray mass
spectrometric detection which con®rmed the pre-
sence of rutin, hyperoside, ginkgolide A, ginkgo-
lide B and other characteristic chemical com-
ponents.

Chemical reagents were obtained from either
Sigma-Aldrich Chemical Co. (Oakville, ON,
Canada) or Fischer Chemical Co. (Edmonton, AB,
Canada), except (ÿ)-deprenyl, daidzein, MK-801
and N-(2-chloroethyl)- N-ethyl-2-bromobenzyla-
mine (DSP-4) which were obtained from Research
Biochemicals International (Natick, MA). Radi-
olabelled phenylethylamine, b-[ethyl-1-14C]
hydrochloride and hydroxytryptamine, and 5-
[2-14C] binoxylate were purchased from New
England Nuclear (Boston MA). Solvents were
HPLC grade.

Isolation and identi®cation of MAO-inhibiting
components of Ginkgo biloba
Chromatographic isolation of MAO-inhibiting
constituents of Ginkgo biloba extract was accom-
plished by dissolving the extract in 20% acetoni-
trile and subjecting this solution to HPLC
separation. Ginkgo biloba extract was separated on
a Gilson HPLC system equipped with model 302
pumps and a model 811 dynamic mixer using a
water±acetonitrile gradient. The linear gradient ran
from 0 to 70% acetonitrile over 40 min. The col-
umn was washed with 70% acetonitrile for 5 min
and then re-equilibriated to 0% acetonitrile over
5 min. The column used for separation was a Zor-
bax C8 (25 cm� 4�1 mm) and eluting peaks were
monitored by UV absorbance at 205 and 280 nm.
Eluting materials were collected as 3-min fractions,
lyophilized and evaluated for effects on MAO
activity. The peak corresponding to the sample
which provided the most potent MAO inhibition
was re-chromatographed using an isocratic 20%
acetonitrile separation to obtain two chromato-
graphically pure compounds. These samples were
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examined by high-resolution mass spectrometry to
determine their identity.

Determination of effects on MAO activity
The compounds were evaluated in-vitro for effects
on MAO activity using a modi®cation of the
radiochemical procedure of Lyles & Callingham
(1982), employing radiolabelled 5-HT and b-phe-
nylethylamine as substrates for MAO-A and MAO-
B, respectively.

To evaluate ex-vivo effects of the compounds on
MAO activity, the compounds of interest were
administered either intraperitoneally (using 20%
DMSO as the vehicle) or orally by gavage (using
water as the vehicle). Animals were killed 1 or 3 h
post-administration by decapitation and the brains
and livers immediately removed and stored at
ÿ80�C until the time of analysis. Tissue samples
from each rat were homogenized and appropriately
diluted in buffer (brain MAO-A and MAO-B
1 : 160; liver MAO-A 1 : 160; liver MAO-B 1 : 800)
before incubation. The radiochemical procedure
utilized was the same as the one used for in-vitro
analysis with the exception that no enzyme inhi-
bitor was added. Incubations of samples from each
rat were performed in triplicate. The MAO activity
was expressed as percent of control (control sam-
ples contained no drug).

Amine concentrations
Concentrations of noradrenaline, dopamine, 3,4-
dihydroxyphenylacetic acid (DOPAC), 5-HT and
5-hydroxyindoleacetic acid (5-HIAA) were deter-
mined by HPLC with electrochemical detection
using the method of Sloley & Goldberg (1991).

Determination of effects on NMDA-induced
neurotoxicity
The ability of a compound to provide protection
against NMDA-induced neurotoxicity was exam-
ined in-vitro using foetal rat neuronal cultures
according to the method of Black et al (1995). Cells
were exposed to NMDA (100mM) with drug (1±
100 mM) or vehicle solutions for 15 min. After drug
exposure the cells were incubated for a further 24 h
and cell viability was estimated.

Determination of effects on DSP-4-induced
neurotoxicity
Neuroprotectant activity was evaluated by exam-
ining the prevention of DSP-4-induced noradrena-
line depletion in mouse hippocampus as described
by Yu et al (1994). Compounds (10 mg kgÿ1 in

20% DMSO) or vehicle (20% DMSO) were
administered to mice intraperitoneally. Adminis-
tration of (ÿ)-deprenyl had previously been shown
to signi®cantly protect against DSP-4-induced
noradrenaline depletion and was thus used as a
positive control.

Determination of effects on lipid peroxidation
The ability of plant mixtures and pure chemicals to
inhibit lipid peroxidation was assessed using cate-
cholaminergic neuroblastoma SH-SY5Y cells (a
gift from Dr Peter Yu, University of Saskatoon).
The cells were grown in Dulbecco's modi®ed
Eagle's medium (DMEM) supplemented with 10%
foetal bovine serum (FBS) and 1% PSN (penicillin,
streptomycin neomycin) at 37�C until they reached
con¯uence. Cells were then seeded at a density of
1�106 cells per well in Nunclon 40-mm diameter
polystyrene tissue culture dishes. Cells were grown
for 24 h (subcon¯uence) and then treated with
various concentrations of the compounds of interest
either in the presence of or absence of 0�1 mM

ferrous sulphate. After 48 h the cells were har-
vested, and lipid peroxides were measured
according to the thiobarbituric acid assay of
Ohkawa et al (1979). Protein content was deter-
mined using a modi®cation of the method of Lowry
et al (1951).

Results

Ginkgo biloba extract inhibited both MAO-A and
MAO-B, with IC50 (50% inhibition concentration)
values of 1�10ÿ4 g mLÿ1 and 2�10ÿ3 g mLÿ1,
respectively. Chromatographic separation of the
Ginkgo biloba extract (Figure 1A) yielded several
fractions that inhibited MAO (de®ned as greater
than 50% inhibition using a fraction derived from
1 mg original Ginkgo extract). The most potent
fraction was the 3-min collection region that
included peak 8. This fraction was re-chromato-
graphed and this yielded two major compounds,
both of which inhibited MAO. Compound 1
inhibited MAO-A by 55% at a concentration esti-
mated to be about 400 ng mLÿ1 whereas compound
2 inhibited MAO-A by 90% at a concentration
estimated to be 3 mg mLÿ1. These compounds were
lyophylized and subsequently analysed by high-
resolution mass spectrometry. By correlating with
high-resolution mass spectra of authentic samples,
compound 1 was identi®ed as isorhamnetin, (Mÿ,
316, fragments at m=z 287, 153 and 108) and
compound 2 was identi®ed as kaempferol (Mÿ,
286, fragments at m=z 229, 258, 257 and 121).
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Kaempferol and isorhamnetin glycosides are well
known constituents of Ginkgo biloba leaves (Pietta
et al 1991) and their presence was con®rmed in our
extract by electrospray mass spectrometry (Figure
1). The aglycone kaempferol was found to exist in
the extract in small amounts (0�60� 0�01% by
weight) when analysed by HPLC using pure

kaempferol as a reference standard (Figure 1B).
The free kaempferol is believed to derive from
hydrolysis of kaempferol glycosides or bi¯avones
during extraction.

Pure kaempferol and a number of structurally
related compounds inhibited MAO-A- and MAO-
B-activity (Table 1). Kaempferol, apigenin and

Figure 1. Typical chromatograms obtained from 1 mg Ginkgo biloba extract (A) and 25mg pure kaempferol (B). The Ginkgo
biloba sample was estimated to contain 0�60� 0�01% unconjugated kaempferol by weight. Other compounds were identi®ed by
electrospray mass spectrometry and comparison with compounds previously identi®ed in similar extracts by Pietta et al (1991).
Identi®ed peaks include rutin (1), hyperoside (2), a mixture of kaempferol-3-O-rutinoside and astragalin (3), isorhamnetin-3-O-
rutinoside (4), quercetin-3-O-rhamnosyl-(1! 2)-rhamnosyl-(1! 6)-glucoside (5), kaempferol-3-O-rhamnosyl-(1! 2)-rhamno-
syl-(1! 6)-glucoside (6), quercetin (7) and kaempferol (8). Isorhamnetin eluted as a small peak just before kaempferol. The tailing
on the pure kaempferol sample suggests the presence of a small amount of impurity in the commercially obtained reference
material. The Ginkgo biloba sample and other reference compounds (apigenin measured at 280 nm and ginsenosides measured at
205 nm) showed no evidence of tailing when chromatographed in this system.

454 B. D. SLOLEY ET AL



chrysin were the most effective MAO-A inhibitors.
The IC50 values for MAO-A inhibition by
kaempferol, apigenin, chrysin and quercetin
were 7�10ÿ7, 1�10ÿ6, 2�10ÿ6 and 5�10ÿ5

M,
respectively. In these assays the IC50 for inhibition
of MAO-A by phenelzine, which was used as a
reference compound, was found to be 4�10ÿ8

M.
Oral administration of kaempferol or Ginkgo

biloba extracts did not inhibit rat brain or liver
MAO activity in ex-vivo experiments (Table 2).
Furthermore, the levels of 5-HT and 5-HIAA in rat
striatum, hypothalamus and hippocampus remained
unaltered following this treatment (Table 3).
Intraperitoneal injection of kaempferol (50 mg
kgÿ1, 3 h) had no effect on brain MAO-A or MAO-
B activity, whereas phenelzine (1�5 mg kgÿ1, 3 h)
inhibited MAO-A by 75% and MAO-B by 37%
(data not shown).

Injection of a high dose (200 mg kgÿ1, i.p., 3 h) of
Ginkgo biloba extract into mice resulted in no
change in the concentrations of noradrenaline,

dopamine, 5-HT and 5-HIAA in the cortex, stria-
tum and hypothalamus (Table 4). A slight increase
in the DOPAC concentrations in the hypothalamus
was determined (Table 4).

Kaempferol was evaluated for its ability to pre-
vent NMDA-induced neuronal toxicity in rat neu-
ronal cultures. It was able to prevent some neuronal
toxicity at 100mM in this model (Table 5). MK-801
a potent NMDA-receptor antagonist was able to
completely block the NMDA-induced neuronal
toxicity at a concentration of 10mM.

Kaempferol (10 mg kgÿ1, i.p.) was unable to
prevent DSP-4-induced noradrenaline depletion
in mouse hippocampus (Table 6). In contrast,
(ÿ)-deprenyl provided signi®cant protection.

Ginkgo biloba extract and kaempferol (0�50±
0�05 mg mLÿ1) were able to signi®cantly reduce
lipid peroxidation as estimated by malondialdehyde
production in cultures of SH-SY5Y cells which
were incubated with 0�1 mM Fe2� (Table 7). Fur-
thermore, kaempferol alone (0�5 and 0�1 mg mLÿ1)

Table 2. Ex-vivo effects of oral administration of kaempferol or Ginkgo biloba leaf extract on rat brain and liver MAO-A and
MAO-B activity.

Treatment Tissue Inhibition (%)

MAO-A MAO-B

Control Brain 0�0� 2�8 0�0� 5�3
Kaempferol (10 mg kgÿ1, 1 h) Brain ÿ11�1� 5�4 ÿ6�7� 7�7
Kaempferol (10 mg kgÿ1, 3 h) Brain 9�6� 9�8 8�8� 6�7
Ginkgo extract (15 mg kgÿ1, 3 h) Brain ÿ13�7� 6�9 ÿ14�1� 9�9
Control Liver 0�0� 4�1 0�0� 3�4
Kaempferol (10 mg kgÿ1, 1 h) Liver ÿ10�2� 3�4 ÿ0�2� 4�6
Kaempferol (10 mg kgÿ1, 3 h) Liver 2�0� 6�9 11�6� 6�5
Ginkgo extract (15 mg kgÿ1, 3 h) Liver ÿ16�2� 5�4 ÿ17�2� 4�2

Values are mean� s.e.m., n� 4. No signi®cant inhibition of MAO was determined in any treatment group. MAO-A activity in
control brains and liver was 3�1 and 47�4 nmol hÿ1 (mg tissue)ÿ1, respectively. MAO-B activity in control brains and liver was 10�0
and 60�3 nmol hÿ1 (mg tissue)ÿ1, respectively.

Table 1. In-vitro inhibition of rat-brain MAO-A and MAO-B by pure ¯avones, ¯avonols and related compounds.

Treatment Inhibition of MAO-A (%) Inhibition of MAO-B (%)
Pure compound Pure compound

1�10ÿ4
M 1�10ÿ5

M 1�10ÿ6
M 1�10ÿ7

M 1�10ÿ4
M 1�10ÿ5

M 1�10ÿ6
M 1�10ÿ5

M

Kaempferol 96�7� 1�0 92�6� 0�5 58�2� 0�9 11�4� 1�7 49�3� 2�5 30�3� 2�4 8�3� 7�7 5�9� 5�5
Apigenin 93�6� 0�3 84�7� 1�2 55�9� 3�1 21�3� 2�1 75�6� 1�9 59�3� 1�9 30�3� 1�7 22�8� 6�0
Chrysin 88�1� 0�7 81�6� 1�7 33�4� 1�3 10�9� 6�9 26�0� 2�8 11�0� 4�9 4�8� 0�0 6�1� 2�7
Quercetin 62�3� 4�5 21�0� 4�5 10�2� 0�0 ND 15�1� 11�6 0 0 ND
Daidzein 60�4� 0�7 31�6� 1�6 11�2� 3�6 ÿ2�6� 6�1 35�3� 3�9 21�2� 2�5 15�5� 1�6 ÿ0�8� 1�8
Myricetin 49�6� 4�2 5�2� 0�0 ND ND 24�2� 1�8 0 ND ND
Naringenin 9�7� 4�0 1�9� 7�1 2�5� 5�3 ÿ7�9� 3�5 11�1� 2�4 14�6� 5�5 4�7� 3�5 3�0� 5�4
Pelarogonidin chloride 64�7� 1�1 24�8� 2�5 18�0� 4�8 11�1� 1�8 39�6� 1�2 16�4� 1�6 14�6� 3�2 8�6� 2�0
Chromone 74�4� 1�7 25�3� 2�9 10�7� 3�0 ÿ1�0� 1�0 63�5� 0�4 21�7� 1�2 18�9� 1�4 10�1� 0�7
Chromone-2-carboxylic acid 1�3� 3�9 8�5� 3�6 ÿ4�3� 1�1 1�8� 0�5 82�4� 1�2 32�1� 1�0 16�9� 0�6 5�0� 3�0

Values are mean� s.e.m.. ND, not determined, n� 3.
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was able to reduce lipid peroxidation in cell cul-
tures which were not exposed to Fe2� (Table 7).

Discussion

This study has shown that Ginkgo biloba contains
compounds that possess in-vitro MAO-inhibiting
properties. Among these compounds are kaemp-
ferol and isorhamnetin. Unconjugated kaempferol
and isorhamnetin make up only a small amount of
the Ginkgo biloba extract (0�6% by weight for
kaempferol, much less for isorhamnetin). These

aglycones are thought to arise during processing by
hydrolysis of the ¯avonol glycosides known to
exist in extracts of Ginkgo biloba leaves (Pietta
et al 1991).

Inhibition of MAO by these related ¯avone
compounds appears to be dependent on the pre-
sence of a phenyl or hydroxyphenyl ring in the 2
position and a double bond in the 2,3 position of the
¯avonoid nucleus. Moving the hydroxyphenyl ring
from the 2 to the 3 position (as in daidzein) greatly

Table 3. Effects of oral administration of kaempferol or Ginkgo biloba leaf extract on concentrations of 5-HT and 5-
hydroxyindoleacetic acid (5-HIAA) in the rat brain.

Treatment Tissue 5-HT (ng gÿ1) 5-HIAA (ng gÿ1)

Control Striatum 590� 64 636� 25
Kaempferol (10 mg kgÿ1, 1 h) Striatum 558� 76 667� 71
Kaempferol (10 mg kgÿ1, 3 h) Striatum 553� 31 618� 29
Ginkgo extract (15 mg kgÿ1, 3 h) Striatum 629� 77 738� 63
Control Hypothalamus 668� 82 545� 66
Kaempferol (10 mg kgÿ1, 1 h) Hypothalamus 620� 41 570� 70
Kaempferol (10 mg kgÿ1, 3 h) Hypothalamus 678� 32 556� 50
Ginkgo extract (15 mg kgÿ1, 3 h) Hypothalamus 578� 13 556� 64
Control Hippocampus 376� 36 372� 33
Kaempferol (10 mg kgÿ1, 1 h) Hippocampus 360� 41 399� 31
Kaempferol (10 mg kgÿ1, 3 h) Hippocampus 382� 41 364� 19
Ginkgo extract (15 mg kgÿ1, 3 h) Hippocampus 405� 35 437� 19

Values are means� s.e.m., n� 4.

Table 4. Effect of single administrations of Ginkgo biloba leaf extract (200 mg kgÿ1, i.p., 3 h) on concentrations of noradrenaline
(NA), dopamine (DA), 3,4-dihydroxyphenylacetic acid (DOPAC), 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-
HIAA) in the mouse brain.

Treatment Tissue NA (ng gÿ1) DA (ng gÿ1) DOPAC (ng gÿ1) 5-HT (ng gÿ1) 5-HIAA (ng gÿ1)

Control Hypothalamus 1422� 43 857� 74 111� 7 992� 39 374� 14
Ginkgo extract Hypothalamus 1326� 58 870� 93 141� 13* 1066� 30 417� 19
Control Striatum 128� 21 8801� 494 703� 56 485� 18 377� 30
Ginkgo extract Striatum 119� 19 8480� 426 666� 33 527� 29 462� 21
Control Cortex 257� 11 1031� 195 88� 22 469� 49 193� 4
Ginkgo extract Cortex 293� 15 888� 162 122� 19 516� 35 215� 13

Values are means� s.e.m., n� 8. *P< 0�05 compared with control.

Table 6. Effect of (ÿ)-deprenyl (10 mg kgÿ1, i.p.) and
kaempferol (10 mg kgÿ1, i.p.) on DSP-4-induced noradrenaline
depletion in mouse hippocampus.

Treatment Noradrenaline (ng gÿ1)

Control (20% DMSO=saline) 355� 18
Deprenyl=DSP-4 294� 15**
Kaempferol=DSP-4 136� 11*
20% DMSO=DSP-4 164� 23*

Values are means� s.e.m., n� 5. *P< 0�05 compared with
control. **P< 0�05 compared with 20% DMSO=DSP-4. Mice
received vehicle, (ÿ)-deprenyl or kaempferol intraperitoneally.
After 1 h they received intraperitoneal injections of DSP-4.
One week later the mice were killed, the hippocampus was
removed and the noradrenaline concentration was measured.

Table 5. Neuroprotective effect of kaempferol on NMDA-
induced neuronal toxicity in rat neuronal cultures.

Treatment Viability (% of control) n

NMDA (100mM) 17�7� 2�9 3
MK-801 (10 mM) 102�3� 3�5*** 4
Kaempferol (1 mM) 27�1� 12�4 5
Kaempferol (10 mM) 26�6� 3�5 5
Kaempferol (100mM) 62�8� 15�3** 5

Values are means� s.e.m. **P< 0�01, ***P< 0�001 com-
pared with NMDA group.
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reduces activity. The absence of a double bond in
the 2,3 position (as in naringenin) also reduces
activity. The presence of a single hydroxyl group in
the para position of the 2-phenyl group also appears
to be important for MAO-inhibiting activity. Its
absence in chrysin or the presence of more than one
hydroxyl group in the 2-phenyl ring, as in quercetin
and myricetin, results in decreased MAO-inhibiting
activity.

The presence of MAOIs in plant extracts suggests
that such preparations could be useful in the treat-
ment of depression. Indeed, Ginkgo biloba extract
has been reported to affect certain aspects of rat
behaviour in a manner indicative of antidepressant
activity (Porsolt et al 1990; Chermat et al 1997;
Satyan et al 1998). Despite the fact that Ginkgo
biloba extract contains small amounts of free ¯a-
vones as well as substantially greater amounts of
their sugar conjugates, our ex-vivo studies provide
no evidence that these materials can inhibit MAO
in the brain or liver. They also fail to alter levels of
monoamine neurotransmitters or their metabolites
in rat brain in a manner consistent with MAO
inhibition. This observation is inconsistent with the
®ndings of Petkov et al (1993) who reported ele-
vated concentrations of 5-HT and Satyan et al
(1997) who reported decreased levels of 5-HT in
rodent brains following administration of Ginkgo
biloba extracts. Such discrepancies may be due to
different treatment regimes or extract qualities. The
observed elevation in DOPAC in the mouse hypo-
thalamus resulting from a high dose of Ginkgo
biloba extract may re¯ect the fact that DOPAC is a
major metabolite derived from the degradation of
certain ¯avones found in Ginkgo biloba (Pietta et al
1995).

Previous reports of MAO inhibition by Ginkgo
biloba extracts (White et al 1996) suggest that the
MAO inhibition is reversible. The ex-vivo assay
employed in the present study to determine MAO
activity, while excellent for determining irrever-

sible inhibition of MAO, may not reliably detect
reversible MAO inhibition. This is due to dis-
sociation of the enzyme-inhibitor complex when
the tissue homogenate is diluted (in ex-vivo studies
tissue homogenates are diluted from 160 to 800
fold). However, the absence of any effect on 5-
HIAA or 5-HT concentrations in the brains of
animals receiving Ginkgo biloba extract or
kaempferol would appear to support the fact that, at
the dose and time used here, these materials have
little effect on brain MAO in-vivo.

Ginkgo biloba extract has been shown to protect
against certain types of experimentally-induced
neurotoxicity (Ramassamy et al 1990; Smith et al
1996). In this study it was determined that
kaempferol had neuroprotective effects in an in-
vitro NMDA-mediated neurotoxicity model, but
not in the DSP-4-induced noradrenergic neuro-
toxicity model. These two models are believed to
act through different mechanisms and it is not
surprising that a particular compound might act as a
neuroprotective agent in one model and not in the
other.

Although the neuroprotective effects of kaemp-
ferol appear modest, it must be remembered that, in
man, it is estimated that the daily consumption of
¯avonoids in a balanced diet containing vegetables,
fruits, fruit juices and teas is of the order of 1 g.
Even modest neuroprotectants might prove effec-
tive at this dose.

This work also demonstrates that Ginkgo biloba
extract and kaempferol are potent antioxidants.
This property may contribute to the demonstrated
neuroprotective effects by reducing oxidative stress
in damaged cells through either free-radical
scavenging or iron chelation, but the evidence
seems to suggest that aspects of both mechanisms
are involved.

In summary, Ginkgo biloba extract possesses a
number of characteristics which could conceivably
contribute to previously reported antidepressant

Table 7. Effect of Ginkgo biloba extract and kaempferol on lipid peroxidation of SH-SY5Y cells.

Treatment Malondialdehyde (nmol (mg protein)ÿ1)

With Fe2� Without Fe2�

Control 2�00� 0�21 0�72� 0�01
Ginkgo biloba extract (0�5 mg mLÿ1) 0�54� 0�13* 0�50� 0�06
Ginkgo biloba extract (0�1 mg mLÿ1) 0�70� 0�10* 0�40� 0�07
Ginkgo biloba extract (0�05 mg mLÿ1) 0�58� 0�04* 0�33� 0�01
Kaempferol (0�5 mg mLÿ1) 0�17� 0�01* 0�11� 0�02{

Kaempferol (0�1 mg mLÿ1) 0�40� 0�02* 0�15� 0�03{

Kaempferol (0�05 mg mLÿ1) 0�79� 0�02* 0�32� 0�02

Values are means� s.e.m., n� 3. *P< 0�05 compared control with Fe2�. {P< 0�05 compared with control without Fe2�.
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and neuroprotective properties. It can inhibit both
MAO-A and MAO-B in-vitro due to the presence
of ¯avonoids such as kaempferol. Furthermore,
kaempferol can protect against NMDA-induced
neurotoxicity in-vitro and, as this and other work
indicates, ¯avonoid components found in Ginkgo
biloba extract protect against lipid peroxidation.
While each individual protective aspect of Ginkgo
biloba extract may not be suf®cient to provide
substantial protection against oxidative processes,
the combination of a number of independent
mechanisms may be bene®cial.
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