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ABSTRACT 

The number of studies on Ginkgo biloba leaves is rapidly increasing. A variety of effects of Ginkgo biloba leaf 
extract (GBLE) have been identified. GBLE contains many different flavone glycosides and terpenoides. GBLE has 
an antioxidant action as a free radical scavenger, a relaxing effect on vascular walls, an antagonistic action on 
platelet-activating factor, an improving effect on blood flow or microcirculation, and a stimulating effect on neu
rotransmitters. Besides a direct scavenging action on active oxygen species, GBLE exerts an anti-inflammatory ef
fect on inflammatory cells by suppressing the production of active oxygen and nitrogen species. GBLE inhibited 
the increase in the products of the oxidative decomposition low-density lipoprotein (LDL), reduced the cell death 
in various types of neuropathy, and prevented the oxidative damage to mitochondria, suggesting that GBLE ex
hibits beneficial effects on neuron degenerative diseases by preventing chronic oxidative damage. The study us
ing a model of ischemia-reperfusion injury has also demonstrated the protective effect of GBLE on cardiac mus
cle and its antioxidative action in vivo. Favorable results have been obtained in double-blind, placebo-controlled, 
comparative trials of patients with memory disorders, obstructive arteriosclerosis, and dementia. We review the 
recent studies on GBLE with respect to its various pharmacological actions, such as a scavenging activity on free 
radicals and an inhibitory action on lipid peroxidation. GBLE shows a very strong scavenging action on free rad
icals, and is thus considered to be useful for the treatment of diseases related to the production of free radicals, 
such as ischemic heart disease, cerebral infarction, chronic inflammation, and aging. Antiox. Redox Signal. 1, 

469-480. 

INTRODUCTION parts of raw drug (leaves). As shown in Fig. 1, 

the extract contains 33 different flavone glyco-

A l t h o u g h Ginkgo biloba has been used in sides, mainly the glycorhamoside ester of 

Chinese medicine for as long as 5,000 quercetin or kaempferol, and the terpenoides 

years, mainly for the treatment of asthma and (ginkgolides A, B, C, and bilobalide), which ac-

bronchitis, only recently has Ginkgo biloba leaf count for 2 4 % flavone glycosides and 6% ter-

extract (GBLE) been found useful in clinical tri- penoides (Drieu, 1988). 

als. This extract is n o w commonly prescribed, The various pharmacological actions of 

particularly in Germany and France. It is made G B L E m a y be caused by one or more of the ac-

from the dried leaves of Ginkgo biloba. In a tive ingredients it contains. The following ac-

multistep procedure, the unwanted substances tions or effects of G B L E have been reported: an 

are eliminated while the active principles are antioxidant action as a free radical scavenger, 

concentrated. The resulting liquid extract is a relaxing action on vascular walls, an in-

dried to give 1 part of extract obtained from 50 hibitory action on platelet-activating factor 
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FIG. 1. Principal constituents of ginkgo biloba leaf extract (GBLE). 

A. The glucorhamnoside esters of kaempferol (R = H) and quercetin (R = OH). B. The ginkgolide and bilobalide. 
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(PAF), an improving effect on blood flow or mi
crocirculation, and a stimulating effect on neu

rotransmitters. In addition to these experimen

tal findings, favorable clinical results have been 

obtained, including subjective improvement of 

symptoms of cerebrovascular disorders, mainly 

in European studies (Kleijnen and Knipschild, 

1992). In 1992, the pharmacological actions, 

pharmacokinetics, and clinical use of G B L E 

were reviewed by Kleijnen and Knipschild in 

the Lancet. Since then, the number of scientific 

publications on Ginkgo biloba leaves has been 

increasing, with about 30 reports published 

each year. W e n o w report recent advances in 

G B L E with respect to its pharmacological ac

tions, such as its scavenging activity on free 

radicals, and its inhibitory action on lipid per

oxidation, as well as the results of recent clini

cal investigations. W e review selected experi

mental studies published during 1995-1999, 

and controlled clinical studies published dur

ing 1991-1999. 

PHARMACOLOGICAL ACTIONS 
OF GBLE 

Antioxidant ability of GBLE 

Scavenging activity of GBLE on free radicals: Shi 

and Niki (1998) recently established a method 

of determining the activity of G B L E as a hy

drogen donor by stoichiometric and kinetic 

studies (Table 1). They found 6.62 X 1019 active 

hydrogens in 1 gram of GBLE; the second-or

der rate constant for G B L E obtained at 25°C 

was 0.13 (g/L)~ V 1 . W e developed an electron 

paramagnetic resonance (EPR) spectrophoto-

metric method to determine the scavenging ac

tivity of G B L E on three kinds of free radicals: 

the superoxide radical, the hydroxyl radical, 
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and the diphenyl-p-picrylhydral (DPPH) radi

cal. GBLE (HIGINKO 40) was provided by 

Takehaya Co., Ltd. (Tokyo). Superoxide radi

cals and hydroxyl radicals were altered to more 

stable radicals by treatment with a radical trap

ping agent 5,5'-dimethyl-l-pyrroline-N-oxide 
(DMPO) before measurement by EPR, because 

they have a short life in aqueous solution. Su

peroxide radicals are produced by the hypox-

anthine-xanthine system, whereas hydroxyl 

radicals are produced by the iron sulfate-hy-

drogen peroxide (Fenton reaction) system. EPR 

spectrometry in the presence of D M P O re

vealed D M P O - O O H radicals derived from su

peroxide radicals and D M P O - O H radicals de

rived from hydroxyl radicals. GBLE was then 

added to the respective reaction systems, 

which were measured by EPR. The degree of 

scavenging activity of GBLE on free radicals 

was estimated from the rate of decrease in sig

nal intensity as measured by EPR. Similarly, 

DPPH radicals were mixed with GBLE, and the 

resulting mixture was measured by EPR spec

trometry. The extent of scavenging activity was 

estimated from the ratio of signal intensities as 

measured by EPR. Results confirmed that each 

signal intensity of D M P O - O O H , DMPO-OH, 

and DPPH (Fig. 2) decreased, in accordance 

with the concentration of GBLE. Thus, GBLE 

scavenged each of these radicals as related to 

concentration of GBLE, although its scaveng

ing effect was greater against the superoxide 

and DPPH radicals (Fig. 3). Similar results of 

EPR have been reported by Noda et ah (1997) 

and Miyajima et al. (1994) using another GBLE. 

Lee et al. (1998) also demonstrated that GBLE 

(EGb 501) inhibits the serotonin-stimulated mi-

togenesis of bovine pulmonary artery smooth 

muscle cells via scavenging superoxide and 

blocking its mitogenic effect. From data com

paring the reactivity of components of GBLE 

against the superoxide radical in dimethyl in 

dimethyl sulfoxide as an aprotic solvent, it is 

suggested that the scavenging effect of 

ginkgolides B, C, J, and bilobalide on superox

ide contributes to the antioxidative properties 

of GBLE (Scholtyssek et ah, 1997). 

The scavenging action of GBLE on the per-
oxyl radicals produced by the chain reaction of 

lipid peroxidation has also been investigated. 

GBLE scavenged peroxyl radicals produced 
from such azo compounds as 2,2-azo bis(2-

amidino propane) hydrogen dichloride (AAPH) 

and 2,2-azo bzs(2,4-dimethyl valero nitrile) 
(AMVN), and thereby inhibits the oxidation 

of low-density lipoproteins (LDL) by these 
azo compounds (Maitra et ah, 1995). The 

flavonoids, which are among the ingredients of 

100 

FIG. 2. Effect of GBLE on DPPH EPR signal. 1) DPPH 
only; 2) GBLE 0.1 ng/ml; 3) GBLE 1.0 ng/ml; 4) GBLE 10 
ng/ml; 5) GBLE 100 ng/ml; 6) GBLE 1,000 ng/ml; 7) 
GBLE 10,000 ng/ml. 
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FIG. 3. Scavenging activity of GBLE on superoxide, 
hydroxyl, and DPPH radicals. (•) Superoxide radical; 
(A) hydroxyl radical; (•) DPPH radical. 
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Table 1. Antioxidant Properties of GBLE 

Method" 

Iron-dependent lipid peroxidation 
LDL oxidation 
Peroxyl radical 
Oxidative injury to retina 
H202-induced lipid peroxidation 
Ischemia-reperfusion injury 
H202-neuron injury 
OH'-induced apoptosis 
Macrphage oxidative burst 
tBHP-induced endothelial cell injury 
Hydroxyl radical 
Superoxide radical 
Macrophage N O production 
H202-induced lipid eproxidation 
Superoxide in dimethylsulfoxide 
Intracellular superoxide 
Galvinoxyl radical 
Mitochondrial aging by oxidative stress 
H202/OH' luminol system 
X/XO-induced retinopathy 

Action of GBLE 

Inhibited 
Inhibited 
Scavenged 
Inhibited 
Inhibited 
Inhibited 
Inhibited 
Inhibited 
Inhibited 
Inhibited 
Scavenged 
Scavenged 
Inhibited 
Inhibited 
Scavenged 
Scavenged 
Scavenged 
Inhibited 
Scavenged 
Inhibited 

Reference 

Dumont et al, 1995 
Yan et al., 1995 
Maitra et al, 1995 
Droy-Lefaixt et al, 1995 
Kose et al, 1995 
Shen and Zhou, 1995 
Oyama et al, 1996 
Ni et al, 1996 
Rong et al, 1996 
Rong et al, 1996 
Noda et al, 1997 
Noda et al, 1997 
Kobuchi et al, 1997 
Kose et al, 1997 
Scholtyssek et al, 1997 
Lee et al, 1998 
Shi and Niki, 1998 
Sastre et al, 1998 
Lugasi et al, 1999 
Baudouin et al, 1999 

aLDL, Low-density lipoprotein; H2O2, hydrogen peroxide; OH*, hydroxyl radical; tBHT, f erf-butyl hydroperoxide; 
NO, nitric oxide; X/XO, xanthine /xanthine oxidase. 

GBLE, are considered to play a main role in the 

scavenging action on this active oxygen group. 

According to Noguchi et al. (1997), G B LE ex

erts its action as a radical-capturing antioxi

dant. Methyl linoleate was oxidized using 

A M V N in f-butanol to examine the suppressive 

action of G B L E on the production of methyl 

linoleate hydroperoxide. G B L E was found to 

inhibit the oxidation of methyl linoleate inde

pendent of concentration. To examine the an

tioxidant effect of G B L E on soybean phos

phatidyl choline (PC) liposome membrane, a 

single-compartment liposome of the PC was 

oxidized using water-soluble A A P H and lipid-

soluble A M V N as chain initiators. G B L E was 

found to suppress the production of PC hy

droperoxide in the oxidation of PC liposome 

membrane initiated by A A P H as well as by 

A M V N in a concentration-dependent manner. 

The antioxidant present in G B L E captured rad

icals, even in the lipid layer of the liposome 

membrane. This is an important pharmacolog

ical action of G B L E that ultimately may have 

clinical application. 

It is n o w possible to detect free radicals in 

vivo by use of EPR spectrometry. Szabo et ah 

(1997) used EPR to detect directly the produc

tion of free radicals in the retina, using frozen 

retinal tissue after ischemia-reperfusion. They 

also reported on the inhibitory action of GBLE 

on free radicals. According to their study, free 

radicals, which showed the highest signal in

tensity after ischemia for 90 min and reperfu-

sion for 3 min, were inhibited by G B L E in a 

concentration-dependent manner (25, 50, and 

100 mg/kg). Their research is important be

cause it shows the possibility of a scavenging 

action of G B L E on free radicals, or of a sup

pressive action on the production of free radi

cals in vivo. Free radicals reportedly participate 

in ischemia-reperfusion injury in the retina as 

well as in the gastrointestinal tract, heart, kid

neys, and brain. Thus, G B L E would be ex

pected to exert a wide variety of tissue-protec

tive actions. 

Inhibitory action of GBLE on lipid peroxidation: 

The inhibitory action of G B L E on lipid peroxi

dation was examined in vitro and ex vivo using 

an autoxidation model of the brain. In vitro, 

G B L E was added to rat brain homogenate, and 

the mixture was incubated at 37°C for 0, 30, 60, 

and 180 min. The resulting product of the thio-

barbituric acid reaction was measured as an in

dex of lipid peroxidation; the values obtained 

were compared with those obtained in the 

group that did not have G B L E added. Rats 
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were administered GBLE orally and 1 hr later, 

the brain homogenates were prepared, being 

incubated at 37°C for 0, 30, 60, and 180 min. 

The resulting thiobarbituric acid reaction prod

ucts were measured; the values obtained were 

compared with those obtained in the group not 

given GBLE. GBLE was found to inhibit the au-

toxidation of brain in vitro in a concentration-

dependent manner (Fig. 4) (Miyajima et ah, 

1994). In a study of liver microsomes, GBLE 

also inhibited lipid peroxidation in a concen

tration-dependent manner (Seif et ah, 1995). 

The rate of autoxidation in brain homogenates 

after the administration of GBLE was also sup

pressed compared with the group without ad

ministration of GBLE (Miyajima et ah, 1994) 

(Fig. 4). 

In experiments in which G B L E was admin

istered to rats, this substance significantly sup

pressed an increase in lipid peroxidation in 

brain tissue exposed to ischemia-reperfusion 

(Seif et ah, 1995), and also, significantly inhib

ited the lipid peroxidation induced by iron-

ascorbic acid and ischemia-reperfusion of the 

central retinal artery (Droy et ah, 1995), indi

cating that it protects against post-ischemic in

jury. A n in vitro study demonstrated that G B L E 

significantly inhibited the lipid peroxidation 

induced by hydrogen peroxide (H2O2) in the 

erythrocytes of healthy volunteers as well as 

from patients with Behcet's disease; the an

tioxidant potency of G B L E appeared to be 

comparable with those of a-tocopherol and 

retinol acetate (Kose and Dogan, 1995; Kose et 

ah, 1997). 

Suppressive action on the production of active 

oxygen: Besides a direct scavenging action on 

active oxygen, G B L E exerts an anti-inflamma

tory effect on inflammatory cells by suppress

ing the production of active oxygen and nitric 

oxide (NO). G B L E suppresses the production 

of active oxygen from macrophages in response 

to stimulation by zymosan (Rong et ah, 1996), 

as well as the production of N O from 

RAW264.7 cultured cells, in response to stim

ulation by lipopolysaccharide/interferon. Such 

suppression was both time- and concentration-

dependent. G B L E inhibits the expression of 

iNOS m R N A at high concentrations, but had 

no effect on binding of transcription factor NF-

kB with D N A nor did it possess a direct scav

enging action on N O . O n the basis of these find

ings, GBLE's main mechanism of action in the 

suppression of N O production appears to in

volve a direct inhibitory action on iNOS en

zyme (Kobuchi et ah, 1997). 

Other antioxidant actions: Active oxygen is 

thought to play a role in cardiac diseases, par-

1 10 100 
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FIG. 4. Effect of GBLE on lipid peroxidation of rat brain homogenates in vitro and ex vivo. In vitro study: A mix
ture of 5% rat brain homogenates and GBLE suspension was incubated at 37°C for 60 min under the air. After the in
cubation thiobarbituric acid (TBA)-reactive substances were measured by Ohkawa's method. #p < 0.05 and ##p < 0.01 
vs the value of the control. Ex vivo study: GBLE (10 mg/kg) was orally administered 1 h before sacrifice. A 10% rat brain 
homogenate in 0 01 PBS was incubated at 37°C for 0,30, and 60 min under air. After incubation, TBA-reactive substances 
were measured. (O) Control; (•) GBLE (10 mg/kg). #p < 0.05 and Mp < 0.01 vs the value of the control. 
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ticularly in ischemic heart diseases and in heart 

transplantation, which has been studied in ex

periments performed by many researchers. 

Tosaki et al. (1993) compared the efficacy of 

G B L E (EGB 761) with superoxide dismutase 

(SOD) plus catalase on reperfusion-induced ar

rhythmias in isolated rat hearts, and found that 

G B L E was a superior cardioprotective agent. 

Harmakai et al. (1994) investigated the effects 

of G B L E using a model of the isolated rat heart 

prepared by ischemia for 40 min and reperfu-

sion for 20 min. G B L E improved cardiac func

tion and inhibited the leakage of L D H , as well 

as the decrease in myocardial ascorbic acid. 

Those authors concluded that such improve

ment and inhibition were caused by the an

tioxidant effects of GBLE. Shen and Zhou 

(1995) examined the efficacy of G B L E in a rab

bit ischemia-reperfusion injury. They found 

that GBLE suppressed an increase in lipid per

oxide after reperfusion at the level of serum 

and cardiac muscle, and that it even inhibited 

the injury to the myocardial cells. Pietri et al. 

(1997a) used EPR to measure the free radicals 

produced after ischemia-reperfusion to exam

ine the protective effect of the G B L E 

ginkgolides A and B and bilobalide on cardiac 

muscle. They concluded that the effect of G B L E 

and of its terpenoid constituents is caused by 

the in vivo oral administration or ex vivo addi

tion to the perfusate, and that the protective ac

tion of GBLE originates from the terpene frac

tion that contains ginkgolide A. They report 

that the protective action on cardiac muscle is 

not the result of a direct scavenging action on 

free radicals, but a suppressive action on the 

production of free radicals (Pietri et ah, 1997a). 

Active oxygen is thought to play a role in the 

etiology and pathogenesis of arteriosclerosis. It 

has been found that the initial arteriosclerotic le

sion is formed through the following steps: the 

oxidation of L D L by active oxygen, the 

incorporation of the oxidized L D L into 

macrophages, and the deposition of the resulting 

foam cells on the vascular wall (Steinberg, 1987). 

In vitro, polypeptide or human serum albumin af

ter glycation causes the production of superoxide 

and the oxidation of L D L in a phosphate-buffered 

solution. Such superoxide production and L D L 

oxidation are said to be accelerated by the addi

tion of such transition elements as iron ion and 

copper ion. Copper ion, in a specific interaction 

with LDL, decomposes a trace of hydroperoxide 

contained in LDL, which leads to the initiation of 

an oxidative reaction of LDL. Finally, oxidized 

L D L is produced through the chain reaction of 

lipid peroxidation. In a dose-dependent manner, 

GBLE inhibits the increases in L D L apolipopro-

tein B (apo B) carbonylation, lipid peroxidation, 

apo B electrophoretic mobility, and L D L fluores

cence, which are the products of the oxidative de

composition L D L initiated by copper ion (Yan et 

ah, 1995). 

The role of necrosis and apoptosis in the cell 

death in various types of neuronopathy is of 

interest. Oyama et al. (1996) found that GBLE 

inhibited the necrosis of neurocytes induced by 

H202. Ni et al. (1996) reported that hydroxyl 

radicals produced by the Fenton reaction 

caused cerebellar neurocytes to undergo apop

tosis, and that pretreatment with G B L E inhib

ited such apoptosis. Apoptosis is involved in 

an experimental model of cerebral ischemia, as 

well as in such degenerative nerve diseases as 

Alzheimer's disease, Parkinson's disease, and 

amyotrophic lateral sclerosis. Studies that uti

lize the neurocyte-protective action of G B L E in 

such disorders, or in their experimental mod

els are indicated. 

Sastre et al. (1998) recently found that the lev

els of oxidative damage to mitochondrial D N A 

and of peroxide formation in mitochondria 

from old rats were both significantly higher 

than in those from young rats, and that treat

ment with G B L E partially prevented such ox

idative damage to the brain and liver mito

chondria from the old animals. These results 

suggest that G B L E exhibits beneficial effects on 

the aging of mitochondria by preventing 

chronic oxidative stress. 

The inhibitory action of G B L E on vitreo-

retinopathy induced by intravitreal injection of 

xanthine and xanthine oxidase has recently 

been reported by Baudouin et al. (1999). They 

have demonstrated the strong pathological ef

fects of oxygen radical production on the retina 

and the close relationship free radicals and in

flammation-induced vitreoretinal proliferative 

disorders, and confirmed the preventive effect 
by GBLE. 
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Antagonism of platelet-activating factor 

Platelet-activating factor (PAF) is a phos

pholipid found in vascular endothelial cells, 

leukocytes, and macrophages. It is released 

from the cell membrane when these cells are 

stimulated by various kinds of mediators. P A F 

is a kind of autacoid that exerts its actions at 

the site of its release. P A F induces platelet ag

gregation, thrombus formation, degranulation 

from neutrophils, and reactive oxygen species 

(ROS) production. It increases the permeability 

of the microvessels and causes bronchocon-

striction. Braquet and Hosford (1991) reported 

that G B L E inhibits these actions of PAF, with 

such inhibitory actions being associated with 

ginkgolide B. Ginkgolide B inhibits erythrocyte 

aggregation and interferes with the linkage of 

PAF with platelets by binding to platelets ear

lier than PAF. Ginkgolide B also inhibits the ef

fects of P A F on eosinophils, which include 

chemotaxis, degranulation, adherence, and cy

totoxicity, all of which are involved in the in

flammatory reaction. BN-52021, isolated from 

Ginkgo biloba leaves, showed a stronger an

tagonism toward P A F than ginkgolide B. P A F 

antagonism is considered to be associated with 

the efficacy of Ginkgo biloba leaves in patients 

with allergic asthma and rhinitis. P A F has been 

reported to induce functional disturbances in 

the circulatory system of the cerebrum and to 

aggravate the encephalopathy produced by 

ischemia. The cytoprotective action of G B L E on 

neurocytes is thus believed to originate from 

the anti-PAF action of the ginkgolide B con

tained in the terpene fraction. In addition, it is 

considered that G B L E exhibits its cytoprotec

tive actions with the aid of free radical-scav

enging action of the flavonoid fraction (Smith 

et ah, 1996). 

Effects on blood flow or circulation 

The effects of G B L E on vasoconstriction and 

vasodilatation have been studied in animals. 

G B L E stimulates the release of prostacyclin and 

endothelium-derived relaxing factor (EDRF) 

from rabbit aortic endothelium (Delaflotte et ah, 

1984). By its antagonism of PAF, as described 

above, G B L E inhibits the aggregation of 

platelets and erythrocytes, increases the fluid

ity of erythrocytes, and inhibits the permeabil

ity of the endothelium. Any one of these ac

tions would be considered favorable in patients 

with microcirculatory disturbances. G B L E is 

also considered to maintain vascular tone by 

accelerating the release of catecholamines and 

inhibiting their decomposition. W e recently 

used the microchannel method of Kikuchi 

(1995) to assess leukocyte plugging in the cap

illary level. Venous blood from healthy adults 

was taken via venepuncture with the antico

agulant, EDTA. Each sample was passed 

through the microchannels of equivalent di

ameter 6 n m under a pressure difference of 20 

c m H20. The transit time of 100 /xl of each sam

ple was measured and the flow behavior of the 

blood cells in the channels was observed with 

an inverted metallographic microscope. The 

addition of formyl-methionyl-leucyl-phenyl-

amine (fMLP) induced the plugging of the 

leukocytes in the microchannels and length

ened their transit time (Fig. 5). Pretreatment 

with G B L E reduced the deformity of leuko

cytes and shortened their transit time. These 

findings suggest that G B L E would be effective 

in treating patients with microcirculatory dis

orders by reducing the plugging of capillaries 

by leukocytes. 
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FIG. 5. Effect of GBLE on the increase in transit time 
of whole blood induced by fMLP. The transit time of 100 
pX of each sample was measured with an inverted metal
lographic microscope. The addition of formyl-methionyl-
leucyl-phenylamine (fMLP) induced leukocyte plugging 
in the microchannels and extended the transit time. #p < 
0.05 vs the value of no treatment group, and *p < 0.05 vs 
the fMLP group. 



476 YOSHIKAWA ET AL. 

Other actions 

The following actions of GBLE have also 

been reported: a normalizing action on cerebral 

metabolism in the ischemic state, accompanied 

by an inhibition of an increase in glucose con

sumption and by a decrease in electrolyte ab
normalities; an increase in the number of cere

bral muscarinic receptors; and an improving 

action on metabolism of norepinephrine. Such 
pharmacological effects could protect neuro

cytes against damage. 

CLINICAL PHARMACOKINETICS 

It is difficult to assess the pharmacokinetics 

of GBLE because of its many active ingredients. 
These ingredients show various interactions, 
being synergistic, additive, or antagonistic; 

thus, their pharmacological effects are difficult 
to evaluate. The pharmacodynamics of GBLE 
have been evaluated in a few clinical studies 
that determined the serum levels of elected 
components. Fourtillan et al. (1995) adminis
tered GBLE orally to 12 healthy young volun
teers, and measured serum concentrations of 
ginkgolide A, ginkgolide B, and bilobalide. 
Each of these three active ingredients showed 
the greatest bioavailability after the oral ad
ministration of GBLE to fasting subjects as com
pared with either postprandial or intravenous 
administration. The differences in bioavailabil
ity caused by the different dosage forms of 
GBLE were also examined, based on serum 
concentrations of quercetin, kaempferol, and 
isorhamnetin (Wojcicki et ah, 1995). According 
to that report, there were no great differences 
in bioavailability among capsules, drops, and 
tablet when 18 healthy volunteers received 
three different formulations in equal an quan
tity, orally as a single dose at an interval of at 
least five days, although the capsules pro
longed the time to reach the peak serum con

centration as compared with drops and tablets. 

CLINICAL USE OF GBLE 

Clinical benefits of GBLE have been ob
served in patients with cerebrovascular disor

ders, in particular, those with tinnitis and dizzi

ness, and in those with peripheral circulatory 

disturbances. Such clinical studies have been 

conducted mainly in Germany and France. 

GBLE was found to have effects on various 

symptoms following cerebral failure (Kleijnen 

and Knipschild, 1992). Its main uses appear to 

be in relieving the neurologic symptoms 

caused by cerebral ischemia following cerebral 

infarction, and in relieving the intermittent 

claudication caused by obstructive arterioscle

rosis. In 1994, a standardized dry extract of 
Ginkgo biloba leaves was approved by the 

health authorities in Germany for the treatment 

of primary degenerative dementia and vascu
lar dementia. While results supporting the ef

ficacy of GBLE were also obtained in many 

other conditions, the effective dose, the dura
tion of administration, and the duration of the 

effect have not been established. 
Results of 11 double-blind, placebo-con

trolled, comparative trials in humans con
ducted since 1991 are summarized in Table 2. 

Three of these reports involve memory disor
ders (Rai et ah, 1991; Allain et ah, 1993; Sem-
litsch et ah, 1995), three dementia (Kanowski et 
ah, 1996; Le et ah, 1997; Maurer et ah, 1997), two 

obstructive arteriosclerosis (Mouren et al., 
1994; Peters et ah, 1998), and one each involve 

tinnitis (Holgers et ah, 1994), acute cerebral in
farction (Garg et ah, 1995), and the state after 

cardiopulmonary bypass (Pietri et ah, 1997b). 
Results in memory disorders appear to be reli
able, because the effects were evaluated not 

only by an improvement in subjective symp
toms, but also by various psychological tests 

and objective electrophysiological tests. 
Interesting results in dementia were ob

tained in two large-scale comparative trials 
(Kanowski et ah, 1996; Le et ah, 1997). Kanowski 

et ah (1996) administered GBLE (240 mg/day) 

or a placebo for 24 weeks to 216 patients with 

Alzheimer's-type dementia or multi-infarct de
mentia, and evaluated efficacy by three objec

tive tests. Treatment was completed by 156 pa
tients. Significantly more patients in the GBLE 

group showed a favorable response to treat
ment, the same as that obtained by an intent-

to-treat analysis. Using a double-blind design, 
Le et al. (1997) administered GBLE (120 
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Disorder' 

Memory impairment 
Memory impairment 

Atherosclerotic arterial 
occlusive disease 

Tinnitus 
Memory impairment 
Acute cerebral infarction 
Dementia (DAT, MID) 

Dementia (DAT, MID) 

Cardiopulmonary bypass 

Dementia (DAT) 
Intermittent claudication 

Number of 
patients 

31 
18 

600 
20 

20 
48 

55 (21/26) 
216 

309 

15 

20 
111 

Dose 
(mg/day) 

120 
320 

320 

120 
160 
240 

120 

320 

240 
3p 

Evaluation 
method* 

Psychometric test 
Dual-cording test 

Size of ischemic 
area 

Patients' symptoms 
Latency of P300 
Mathew's scale 
CGI Item 2 
SKT 
N A B 
ADAS-Cog 
GERRI 
CGIS 
Clinical outcome 
Oxidative stress 
Myoglobin leakage 
SKT 
Pain-free 
walking distance 

Maximum 
walking distance 

Results 

Effective 
Effective 

Decrease 

NS 
Decrease 
NS 
Effective 

Effective 
Effective 
NS 
NS 
Decreased 
Decreased 
Effective 
Effective 

Effective 

Reference 

Rai et al, 1991 
Allain et al, 1993 

Mouren et al, 1994 

Holgers et al, 1994 
Semlitsch et al, 1995 
Garg et al, 1995 
Knowski et al, 1996 

Le et al, 1997 

Pietri et al, 1997b 

Maurer et al, 1997 
Peters et al, 1998 

aP300, auditory event-related potentials in age-associated memory; DAT, dementia of the Alzheimer type; MID, 
multi-infarct dementia; CGI Item 2, Clinical Global Impression; SKT, Syndrom-Kurztest for the patients attention and 
memory; NAB, Nurnberger Alters-Beobachtungsskala; ADAS-Cog, Alzheimer's Disease Assessment Scale-Cognitive 
subscale; GERRI, Geriatric Evaluation by Relative's Rating Instrument; CGIS, Clinical Global Impression of Change. 

m g / d a y ) for 52 w e e k s to 309 patients with 

Alzheimer's-type dementia or multi-infarct de

mentia. O f these cases, 202 provided evaluable 

data for analysis at the 52-week end point. T h e 

G B L E group s h o w e d significant improvement 

according to the judgment criteria for d e m e n 

tia, such as Alzheimer's Disease Assessment 

Scale-Cognitive subscale ( A D A S - C o g ) or Geri

atric Evaluation b y Relative's Rating Instru

ment (GERRI). In addition, there w a s n o seri

ous adverse effects or aggravation of 

s y m p t o m s in either trials, indicating the safety 

of G B L E . Results of these t w o large double-

blind comparative studies strongly support the 

efficacy of G B L E . Maurer et al. (1997) reported 

that the administration of G B L E (240 m g / d a y ) 

for 3 m o n t h s to patients with dementia signif

icantly increased the psychopathological (Clin

ical Global Impression) levels as well as the 

E E G topographic findings, which can be inter

preted as providing evidence of the effective

ness of G B L E in dementia. Itil et al. (1998) also 

confirmed the efficacy of G B L E in treating 

dementia by a study of G B L E vs. tacrine using 

computer-analyzed E E G s to evaluate efficacy. 

Results s h o w e d that a greater n u m b e r of pa

tients receiving 240 m g of G B L E had typical 

"cognitive activator" E E G profiles (8 of 18 

patients), compared with 40 m g of tacrine (3 

of 18 patients). The latter agent (tetrahy-

droaminoacrine) has been approved in the 

United States for treating Alzheimer's disease. 

In 1998, a multicenter, randomized, placebo-

controlled double-blind study of ginkgo biloba 

extract w a s conducted in patients with pe

ripheral occlusive arterial disease, Fontaine 

stage lib (Peters et ah, 1998). Both the pain-free 

walking distance and the m a x i m u m walking 

distance were significantly greater in the 

GBLE-treated group. T h e authors concluded 

that G B L E treatment of patients with periph

eral occlusive arterial disease, Fontaine stage 

lib, is safe and effective, causing both a statis

tically significant, and a clinically relevant, 

prolongation of walking distance (Peters et ah, 

1998). 
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FUTURE CLINICAL USE 

It is now known that ROS, or free radicals, 

are intimately involved in various biological re

actions. At a normal rate of generation, some 

free radicals are useful in the human body. 

However, when the generation of oxygen rad

icals exceeds the capacity of the body's antiox-

idative defenses, the result is oxidative stress. 

Oxidative stress occurs in many diseases and 

m a y make a significant contribution to their 

pathogenesis. G B L E shows a very strong scav

enging action on free radicals, and is thus con

sidered to be useful for the treatment of dis

eases related to the production of free radicals, 

such as ischemic heart disease, cerebral infarc

tion, chronic inflammation, and aging. 

ABBREVIATIONS 

AAPH, 2,2-Azo £>/s(2-amidino propane) hydro
gen dichloride; A M V N , 2,2-azo fe(2,4-di-
methyl valero nitrile); apo B, apolipoprotein B; 
D M P O , 5,5'-dimethyl-l-pyrroline-N-oxide; 

DPPH, diphenyl-p-picrylhydral; EPR, electron 
paramagnetic resonance; ERDF, endothelium-
derived relaxing factor; fMLP, formyl-me-

thionyl-leucyl-phenylamine; GBLE, Ginkgo 
biloba leaf extract; H2O2, hydrogen peroxide; 
LDL, low-density lipoprotein; NO, nitric oxide; 
PAF, platelet activating factor; pc, phos
phatidyl choline; ROS, reactive oxygen species; 

SOD, superoxide dismutase. 
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