
SCIENTIFIC NAME(S): Ginkgo Biloba L. Family: Ginkgoaceae

COMMON NAME(S): Ginkgo, maidenhair tree, kew tree, ginkyo, yinhsing (silver apricot-Japanese)

CLINICAL OVERVIEW– Ginkgo Biloba

Uses: Ginkgo has been studied extensively for its antioxidant and neuroprotective effects, as well as for treatment of cerebral
insufficiency, cognitive impairment, dementia, peripheral vascular disease, premenstrual syndrome, schizophrenia, tinnitus, and
vertigo. Limited studies also exist for its use in treating asthma, several forms of cancer, Raynaud disease, hyperlipidemia,
radiation exposure, and drug-induced sexual dysfunction.

Dosing: Standardized ginkgo leaf extracts such as EGb 761 (Tebonin forte, Schwabe) have been used in clinical trials for
cognitive and circulatory disorders at daily doses of 120 to 720 mg of extract. Extracts are usually standardized to 24% flavones
and 6% terpene lactones. Ginkgo is commercially available in several forms including teas, liquids, colas, capsules, extracts,
tablets, sprays, and bars.

Contraindications: Individuals with known hypersensitivity reactions should avoid ginkgo use. Ginkgo may also interact with
several medications. Because of the potential risk of increased bleeding or hemorrhage, ginkgo use should be avoided with
antiplatelets (eg, aspirin) or anticoagulants (eg, warfarin), or if the patient has vitamin K deficiency. Patients with a history of,
or a predisposition to, seizure activity should not take ginkgo.

Pregnancy/Lactation: Ginkgo should not be used during pregnancy and lactation. Animal studies indicate that ginkgo leaf has
antiplatelet activity, as well as emmenagogue and hormonal properties.

Interactions: Ginkgo interacts with the human CYP-450 system and its isoenzymes, which may affect the metabolism of
various drugs. It may also increase the risk of bleeding in individuals taking aspirin, ibuprofen, or warfarin and increase the risk
of sedation in patients taking trazodone. Plasma concentrations of nifedipine may be elevated with ginkgo use, increasing
therapeutic and adverse reactions. Conversely, Ginkgo biloba may reduce plasma concentrations of omeprazole and
tolbutamide, decreasing the therapeutic effects. Caution patients receiving these agents against use of Ginkgo biloba without
consulting their health care provider. Ginkgo biloba administration may increase the efficacy and decrease extrapyramidal
adverse reactions of haloperidol, but only slightly decreases the area under the curve (AUC) of alprazolam.

Adverse Reactions: Severe adverse reactions are rare; possible reactions include headache, dizziness, heart palpitations, as well
as GI and dermatologic reactions. Ginkgo pollen can be strongly allergenic. Contact with the fleshy fruit pulp may cause allergic
dermatitis similar to poison ivy.

Toxicology: A toxic syndrome has been recognized in Asian children who have ingested ginkgo seeds.

BOTANY: The ginkgo is the world’s oldest living tree spe-
cies; it can be traced back more than 200 million years to
fossils of the Permian geologic period and is the sole survivor
of the family Ginkgoaceae. Individual trees may live as long as
1,000 years and grow to a height of about 38 m. Ginkgo has
characteristic fan-shaped leaves. The species is dioecious; male
trees more than 20 years old blossom in the spring. Adult
female trees produce a plum-like, gray-tan fruit that falls in late
autumn. Its fleshy pulp has a foul, offensive odor and can cause
contact dermatitis. The edible inner seed resembles an almond
and is sold in Asian markets.1

HISTORY: The ginkgo species almost became extinct during
the last ice age that began approximately 2 million years ago.
The species survived in China where it was cultivated as a
sacred tree and still decorates Buddhist temples throughout
Asia. Ginkgo preparations have been used for medicinal
purposes for more than a thousand years. Traditional Chinese
physicians used ginkgo leaves to treat asthma and chilblains
(ie, inflammation of the small blood vessels in the skin in
response to cold, but above freezing, temperatures). Ancient
Chinese and Japanese people ate roasted ginkgo seeds and
considered them a digestive aid and preventive for drunken-
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ness.2 In the Western world, ginkgo has been used since the
1960s when technology made it possible to isolate its essential
compounds. The flavonoids act as free radical scavengers, and
the terpenes (ginkgolides) inhibit platelet activating factor.3

Ginkgo is one of the most commonly prescribed medications in
Europe, but is not approved for medical use in the United
States where it is sold only as a nutritional supplement.

CHEMISTRY: The main medicinal constituents are found in
the ginkgo leaf.4,5 These include flavonoids and several terpene
trilactones unique to ginkgo (ginkgolides and bilobalide). The
3 major flavonoids of ginkgo are quercetin, kaempferol, and
isorhamnetine. About 40 minor flavonoids also have been
identified and include catechins, dehydrocatechins (proantho-
cyanidins), and flavones (eg, ginkgetin, amentoflavone, bilo-
betin, sciadopitysin).6 The major terpene molecules unique to
ginkgo are ginkgolides A, B, C, J, and M and bilobalide.6,7

Other medicinal constituents of ginkgo include shikimic,
vanillic, ascorbic, and p-coumaric acids. Other leaf compo-
nents include the steroids sitosterol and stigmasterol, polypre-
nols, benzoic acid derivatives, carbohydrates, straight chain
hydrocarbons, alcohol, ketones, and 2-hexenol.6 There is a
seasonal variation in the content of active compounds in
leaves, with the highest amounts present in autumn.8

The seed portion of ginkgo contains carbohydrate (38%),
protein (4%), and less than 2% fat. Ginkgotoxin, amino acids,
cyanogenetic glycosides, and long-chain phenols, including
anacaric acid, bilobol, and cardanol, are also present.7

Ginkgolic acid and related alkylphenols from the lipid fraction
of the fruit pods have been reviewed.9 The foul-smelling odor
of the fleshy portion of the seeds is caused by high concentra-
tions of butanoic and hexanoic acids. 4-O-methylpyridoxine
has been isolated from the seeds.6

Biological standardization of ginkgo extracts has been re-
ported.10

USES AND PHARMACOLOGY: There is an extensive
history of clinical trials and pharmacological studies on
ginkgo. It has been studied for its antioxidant and neuropro-
tective effects, as well as for treatment of cerebral insufficiency,
cognitive impairment, dementia, peripheral vascular disease,
premenstrual syndrome, schizophrenia, tinnitus, and vertigo.
Limited studies exist for its use in treating asthma, several
forms of cancer, Raynaud disease, hyperlipidemia, radiation
exposure, and drug-induced sexual dysfunction. Pharmacoki-
netic testing of ginkgo in capsule, drop, and tablet forms has
been performed in animals6,11 and humans.12 The pharmaco-
kinetics of ginkgo after intravenous (IV) and oral administra-
tion in humans have been documented.13 When administered
orally while fasting, bioavailability is high; food did not
change the AUC quantitatively but did increase the time to
maximum plasma concentration (Tmax).

Antioxidant – Ginkgo biloba extract (GBE) is known to have
neuroprotective properties in diseases associated with free
radical generation. The ginkgolides may contribute to these
effects, and the flavonoid fraction contains free radical scav-
engers, both of which are important in conditions such as
hypoxia, seizure activity, and peripheral nerve damage.14 Egb
761 induces phase 2 genes through a signaling pathway that is
part of the antioxidant mechanism of EGb 761. Phase 2
enzymes play an important role in antioxidant activity by
reducing electrophiles and reactive oxygen species.15

Animal data: In aged rats, GBE exerted a restorative effect
caused by its protective action on the neuronal membrane16

and protected rat cerebellar neurons from oxidative stress
induced by hydrogen peroxide.17 GBE is a potent inhibitor of
nitric oxide production under tissue-damaging inflammatory
conditions in murine macrophage cell lines.18 It was more
effective than water-soluble antioxidants and as effective as
lipid-soluble antioxidants in an in vitro model using human
erythrocyte suspensions.19

Numerous other relevant reports exist, including effects of
GBE on lipid peroxidation and cell necrosis in rat hepato-
cytes,20 its effect as an oxygen radical scavenger and antioxi-
dant,21 and its potent effects on copper-mediated low-density
lipoproteins (LDL) oxidative modification.22

Clinical data: GBE’s antioxidant effects were studied in
Chernobyl nuclear accident recovery workers with clastogenic
factors (CF) evidenced as DNA fragmentation and damage.
GBE was tested on the plasma of salvage personnel, and after
2 months of treatment at 40 mg 3 times a day, plasma CF
regressed or completely disappeared.23,24

Arteriosclerosis –

Animal data: Hypertensive arteriosclerosis was induced in rats
with bilateral clamping of renal arteries. Over a 14-week
period, the degree of arteriosclerosis and occurrence of stroke
was more severe (P < 0.05) in untreated rats than in rats treated
with a preparation of Ginkgo biloba known as Tanakan.25

Clinical data: A German study examined the efficacy of
ginkgo in 8 high-risk patients treated with an aortocoronary
bypass. These patients received ginkgo 120 mg by mouth twice
a day for 2 months with no other therapeutic regimen. Ellip-
sometric techniques indicated that ginkgo markedly slowed
down the process of aggregational nanoplaque build-up and
may have partially repaired endothelial dysfunction, which is
responsible for the earliest stages of arteriosclerosis.26

Asthma – Ginkgolides competitively inhibit the binding of
platelet activating factor (PAF) to its membrane receptor.6,7

This effect is useful in treatment of allergic reaction and
inflammation (asthma and bronchospasm) and also in circula-
tory diseases.
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Animal data: Research reveals no animal data regarding the
use of ginkgo for asthma.

Clinical data: Ginkgolides were effective in early and late
phases of airway hyperactivity in one double-blind, random-
ized, crossover study in asthma patients.7

Cancer – The standardized extract of Ginkgo biloba leaves
has been examined for treating several forms of cancer.27

Numerous mechanisms of action have been proposed.24,28 The
peripheral benzodiazepine receptor (PBR) is involved in sev-
eral cell functions, including cell proliferation and apoptosis.28

PBR is overexpressed in certain types of malignant human
tumors and cancer cell lines. Treatment with EGb 761 may be
useful in preventing or treating metastatic and invasive forms
of cancers by decreasing PBR mRNA levels and inhibition of
the proliferation of breast, glioma, and hepatocarcinoma cell
lines. Other mechanisms of action24 include the following:

1.) Promotion of apoptosis (programmed cell death) of
cancer cells;

2.) An anticlastogenic (clastogenesis is the gain or loss of
pieces of chromosome) effect on chromosomes by
repairing and reconstituting broken and damaged chro-
mosomes;

3.) A powerful therapeutic effect on the treatment of
fibrosis-related cancer;

4.) A therapeutic effect on free radical-induced cancer;
5.) A therapeutic effect on the treatment of cancer inci-

dent to the result of numerous carcinogens;
6.) A therapeutic effect on preventing free radical-induced

cancer;
7.) An enhancing effect on radiation therapy in the treat-

ment of cancer; and
8.) A significant therapeutic effect on reducing the size of

cancer tumors.

Animal data: Caspase-3 is a key mediator of apoptosis in
mammalian cells. EGb 761-induced apoptotic cancer cell death
by activating caspase-3 in oral cavity cancer cells in rats.29

EGb 761 may reduce the risk of stomach cancer by dose-
dependent inhibition of gastric mucosal lesions.30,31

Clinical data: Thirty patients with gastric cancer were treated
with 2 oral Ginkgo biloba exocarp polysaccharides (GBEP)
capsules twice a day for over 1 month. An electron gastroscope
was used to measure the area of tumors before and after
treatment. Inhibitory and effective rates were then calculated.
Results show that GBEP capsules reduced the area of tumors
by an effective rate of 73%.32

In one clinical trial, 32 patients with progressive advanced
colorectal cancer were treated with ginkgo extract (EGb 761)
350 mg following conventional 5-fluorouracil (5-FU) therapy.
Ginkgo improved the efficacy of 5-FU in colorectal cancer
patients. Progression of the cancer occurred in 22 patients,

there was no change in 8 patients, and partial responses were
seen in 2 patients for an overall response rate of 6.3%. Results
of the combined treatment of EGb 761 and 5-FU suggest a
favorable benefit-risk ratio and an increased median survival
time of 9.5 months, which is similar to other second-line
combination treatments.33

One epidemiologic study claims that ginkgolide A and B may
be associated with chemoprevention of certain forms of ovar-
ian cancer.34

Cerebral insufficiency – Cerebral insufficiency may cause
anxiety and stress, as well as memory, concentration, and mood
impairment and hearing disorders, all of which may benefit
from ginkgo therapy.

Animal data: Ginkgo leaf improves cerebral metabolism and
protects against hypoxic damage in animals with cerebral
ischemia.7

Clinical data: IV injection of GBE produced an age-related
increase in cerebral blood flow in about 70% of the patients
evaluated. Patients between 30 and 50 years of age had a 20%
increase from baseline, compared with 70% in those 50 to
70 years of age. The time to reach peak blood flow was shorter
in elderly patients.35 Cerebral insufficiency in 112 patients
(average age, 70.5 years) treated with ginkgo leaf extract
120 mg for 1 year, reduced symptoms such as headache,
dizziness, short-term memory, vigilance, and disturbance.7

Electroencephalographic effects of different GBE preparations
have been investigated.36

A review of 40 clinical trials was performed, most of which
evaluated GBE 120 mg daily for 4 to 6 weeks and reported
positive results in treating cerebral insufficiency. However,
only 8 studies did not have major methodological flaws;
therefore, the results from these studies were difficult to
interpret. Results suggest that long-term treatment (longer than
6 weeks) is required and that any effect is similar to that
observed following treatment with ergoloids.37 A meta-analysis
of 11 placebo-controlled, randomized, double-blind studies,
concluded that GBE 150 mg daily was superior to placebo in
patients with cerebrovascular insufficiency.38

Diabetes – Ginkgo-induced reduction of blood glucose may
involve several mechanisms of action. One hypothesis involves
gingko improving pancreatic beta cell function by stimulating
insulin secretory activity. Similar to other insulin secreta-
gogues, ginkgo’s effect was dependent on calcium influx and
activation of kinases (2 in particular, CaMK II and PKA).
Protein kinases may help improve calcium efficacy during
glucose-stimulated insulin secretion.39

Animal data: EGb 761 and bilobalide were assessed over
15 days in normal rats and in rats with type 2 diabetes induced
by streptozotocin injection. Overall, treatment with EGb 761 or
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bilobalide increased glucose uptake and glycogen synthesis as
evidenced by increased concentrations in liver and skeletal
muscle.40 Ginkgo reduced the elevation of rat plasma glucose
levels after oral administration of various saccharinity agents
by inhibiting alpha-amylase and glucosidase.41 Evidence also
exists for nephro-,42 cardio-,43 and hepatoprotective44 effects
of EGb 761 against diabetes.

Clinical data: Twenty healthy subjects with normal glucose
tolerance blood levels were administered a glucose tolerance
test before and after 3 months of therapy with Ginkgo biloba
120 mg at bedtime. After 3 months, a significant (P < 0.001)
increase in fasting plasma levels of insulin and C-peptide and
C-peptide AUC was found when measured after 2 hours of
75 g glucose tolerance test. No changes in glucose tolerance
were observed. EGb 761 was hypothesized to increase the rate
of insulin metabolic clearance.45 In a follow-up study, EGb 761
increased pancreatic beta cell function in type 2 diabetes
patients on oral hypoglycemic agents in response to glucose
tolerance testing.46 The pharmacokinetic properties of metfor-
min 500 mg once daily were not affected with coingestion of
120 mg of EGb 761 over 3 months.47 Ingestion of 120 mg of
EGb 761 for 3 months did not produce insulin resistance in the
non- and prediabetic populations, nor did it exacerbate the
disease in the type 2 diabetic subjects.48

Memory improvement – Animal experiments found ginkgo
to be associated primarily with cholinergic effects and second-
arily with a histaminergic mechanism.49

Animal data: Oral administration of GBE alone or in combi-
nation with Panax ginseng improved retention of learned
behavior using conditioned-reflex methods (punishment or
positive reinforcement) in young and old rats.50 GBE can
improve behavioral adaptation despite adverse environmental
events, as shown in rats taught reward versus punishment
(stress) testing to obtain drinking water. This supports clinical
use of ginkgo to treat cognitive impairment in the elderly
population.51

Clinical data: In elderly men with slight age-related memory
loss, ginkgo supplementation reduced the time required to
process visual information.52 Effects of GBE on event-related
potentials in 48 patients with age-associated memory impair-
ment have been studied.53 Improvement in memory, as mea-
sured by a series of psychological tests, in 8 patients (average
age, 32 years) was found 1 hour after administration of GBE
600 mg versus placebo, again confirming the plant’s effective-
ness.7

Mental disorders caused by dementia – Clinical application
of Ginkgo biloba in dementia syndromes has been reported,
and therapeutic efficacy has been demonstrated.54,55 One report
supports early GBE therapy in dementia, especially because
the lack of adverse reactions as compared with other dementia

drugs.56 EGb 761 is the focus of two phase 3 clinical trials, the
GEM (Ginkgo Evaluation of Memory) study in the United
States and the GuidAge study in France. Primary outcome
measures of the GEM study include decreased incidence of
dementia due to all causes following EGb 761 administration,
while secondary outcome measures include rate of cognitive
and functional decline, incidence of cardiovascular and cere-
brovascular events, and mortality. The primary outcome mea-
sure of the GuidAGE study is the prevention of Alzheimer
disease. Results for each study should be available around
2010, and each study includes more than 3,000 subjects older
than 70 years of age.57-60

Animal data: There is no animal data regarding the use of
ginkgo for dementias.

Clinical data: Effects of GBE 240 mg daily in approximately
200 patients with dementia of the Alzheimer type and multi-
infarcton dementia have been investigated in a randomized,
double-blind, placebo-controlled, multicenter study. Param-
eters such as psychopathological assessment, attention,
memory, and behavior were monitored, resulting in clinical
efficacy of the extract in dementia of both types.61 In another
set of patients with moderate dementia (of Alzheimer, vascular,
or mixed types), short-term IV infusion therapy with GBE also
had positive results, improving psychopathology and cognitive
performance.62 In a 52-week, randomized, double-blind,
placebo-controlled, multicenter study, mild to severe Alzhei-
mer or multi-infarction dementia patients received GBE
120 mg daily versus placebo. Results of this report again
confirm improved cognitive performance and social function-
ing in those patients who have mild to moderately severe
dementia.63

One 52-week randomized, double-blind, placebo-controlled,
parallel-group, multicenter trial examined the effect of EGb
761 administered at a lower dose of 40 mg 3 times a day on
cognitive performance and social functioning. Primary out-
come measures included results from the Alzheimer Disease
Assessment Scale (ADAS-cog), which has gained acceptance
as the best primary criterion of efficacy. Scores range from 0 to
70, with the lower number indicating best outcome. Patients
were placed in several strata based on severity of condition.
Results documented that EGb 761 improved mild to moderate
dementia and slowed the deterioration of severe dementia.64

EGb 761 was approved for the treatment of dementia in
Germany,57 partly based on evidence from a case-control study
known as the EPIDOS (Epiemiology of Osteoporosis) study in
a cohort of 1,462 elderly women older than 75 years of age.
Sixty-nine women with Alzheimer-type dementia were com-
pared with 345 paired women whose cognitive function
remained normal. The cognitive function was evaluated at
baseline and over a 7-year follow-up period. Results docu-
mented fewer women developing Alzheimer dementia after
being prescribed EGb 761 for 2 years.57,65
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Controversy persists on the clinical efficacy of EGb 761 versus
cholinesterase inhibitors. A meta-analysis on the efficacies of
ginkgo, donepezil, rivastigmine, and galantamine on changes
in cognitive function in patients with dementia was examined.
Outcomes were assessed after 6 months of treatment and
primarily included patient tolerability. According to the results
of the meta-analysis, patient compliance was more effective
with cholinesterase inhibitors than with ginkgo.66 One 24-week
randomized, placebo-controlled, double-blind trial found no
difference in efficacy of EGb 761 (160 mg by mouth once a
day) versus donepezil (5 mg by mouth once a day) in treating
mild to moderate Alzheimer dementia.67 A review article
documents a more favorable adverse reaction profile for EGb
761, with up to 90% of patients developing nausea and
vomiting during therapy with cholinesterase inhibitors. Also
the efficacy of cholinesterase inhibitors rapidly diminishes
after ending administration when compared with EGb 761.
Finally, adverse drug reactions are over 10 times more com-
mon and treatment costs 5 times higher with cholinesterase
inhibitors than with EGb 761.68

Mental disorders caused by schizophrenia –

Animal data: There is no animal data supporting the use of
ginkgo for schizophrenia.

Clinical data: Concurrent use of Ginkgo biloba and haloperi-
dol may increase the efficacy and decrease extrapyramidal
adverse reactions of haloperidol. In a double-blind, placebo-
controlled study, 56 patients with chronic, treatment-resistant
schizophrenia were randomly assigned to receive Ginkgo
biloba extract 360 mg daily plus haloperidol 0.25 mg/kg/day,
while 53 patients received placebo plus haloperidol for
12 weeks. Coadministration of Ginkgo biloba and haloperidol
was clinically superior to placebo plus haloperidol in treating
positive and negative symptoms in these patients. As a mecha-
nism, it is suspected that Ginkgo biloba may scavenge free
radicals produced by hyperdopaminergic activity.69 In a single-
blind study over an 8-week period, 29 patients diagnosed with
schizophrenia were randomized to receive olanzapine with
Ginkgo biloba extract or olanzapine alone. Often antioxidant
enzymes like superoxide dismutase and catalase are elevated in
patients with chronic schizophrenia, and patients administered
the extract had greater decreases in mean levels of these
antioxidant enzymes compared with patients who did not
receive the extract. Patients also reported greater improve-
ments on the Scale for the Assessment of Positive Symptoms
than patients receiving olanzapine therapy alone.70 In a 12-
week randomized, blind, controlled study, EGb 761 and
haloperidol were more effective than placebo and haloperidol
in treating symptoms in patients with chronic refractory
schizophrenia.71

One study examined the potential immunostimulatory proper-
ties of EGb 761 and its therapeutic actions on schizophrenia,
who often have decreased immune function. One hundred nine

schizophrenic inpatients were randomly assigned to 12 weeks
of treatment with either EGb 761 plus haloperidol or placebo
plus haloperidol. The results document a potential relationship
between decreased immune function and increased free radical
production in schizophrenia. The addition of EGb 761 im-
proved decreased peripheral immune function in schizophre-
nia, particularly in several T-cell subpopulations.72

Peripheral vascular disease –

Animal data: There is no animal data regarding the use of
ginkgo for peripheral vascular disease.

Clinical data: A meta-analysis evaluating GBE in peripheral
arterial disease found a large therapeutic effect of the plant.73

Numerous studies of GBE and circulatory disorders have been
conducted, including GBE’s ability to protect against cardiac
ischemia reperfusion injury,74 to adjust fibrinolytic activity,75

and, in combination with aspirin, to treat thrombosis.76 It
appears useful in management of peripheral vascular disorders
such as Raynaud disease, acrocyanosis, and postphlebitis
syndrome.77 In humans, IV administration of ginkgo extract 50
to 200 mg caused a dose-dependent increase in microcircula-
tion and blood viscoelasticity in patients with pathologic blood
flow disorders.78

A 6-month, double-blind trial suggested some efficacy in
treating obliterative arterial disease of the lower limbs. Patients
who received the extract showed a clinically and statistically
significant improvement in pain-free walking distance, maxi-
mum walking distance, and plethysmorgraphic recordings of
peripheral blood flow.79 GBE improved walking performance
in 60 patients with intermittent claudication, with good toler-
ance of the treatment.80 However, another report concluded
that GBE 120 mg daily had no effect on walking distance or leg
pain in intermittent claudication patients but did improve other
cognitive functions.81 A review of 10 controlled trials evaluat-
ing treatment with the plant for this condition reported poor
methodological quality but noted that all studies showed
clinical efficacy of GBE in treating intermittent claudication.82

In another study in which GBE extract was given, peripheral
blood flow increased 40% to 45%, compared with an increase
of 35% after administration of nicotinic acid.83

Sexual dysfunction caused by antidepressant drugs –

Animal data: There is no animal data regarding the use of
ginkgo for sexual dysfunction caused by antidepressant drugs.

Clinical data: Twenty-two patients were treated with Ginkgo
biloba 300 mg 3 times a day for sexual dysfunction caused by
selective serotonin reuptake inhibitors (SSRI). Three women
(13.6%) experienced some improvement in sexual function.
SSRI-induced sexual dysfunction was defined as a decrease in
sexual desire, arousal, or orgasm within 1 month of starting
treatment with an SSRI. No statistical data was provided.84
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One review article reported no improvement with ginkgo
versus placebo in a 2-month randomized, placebo-controlled,
double-blind study of 37 patients with SSRI-induced sexual
dysfunction. Patients received placebo or ginkgo 120 mg daily,
which was increased to 240 mg daily by the end of the study.
Outcomes were assessed by questionnaire and found a substan-
tial placebo effect with improvement in sexual function.85

In a small 6-week prospective pilot study, 12 patients with
antidepressant-induced sexual dysfunction were treated with
oral Ginkgo biloba 240 mg every day. Outcome measures
included results from Hamilton Anxiety, Hamilton Depression,
and Wheatley Stress and Sex Profile questionnaires. Results
from patient responses documented a significant (P < 0.01)
improvement in sexual function during supplementation with
ginkgo. Minor adverse reactions (eg, gastric irritation) were
recorded during the study.86 A 12-week, triple-blind, placebo-
controlled study that involved 21 patients and investigated
comparable outcome measures documented similar results.87

Stress and anxiety – In rats, an assay of monoamine oxidase
(MAO) inhibition produced by ginkgo extracts (dried and fresh
leaves) was performed, suggesting a mechanism by which the
plant may exert its antistress actions.88 Ginkgo leaf extract
inhibited MAO-A and MAO-B in the rat brain. The neuropro-
tective properties of ginkgo are primarily caused by
kaempferol.89 Glucocorticoid synthesis, regulated by adreno-
corticotropic hormone (ACTH), which accelerates cholesterol
transport, can lead to neurotoxicity. Ginkgolides A and B
decrease cholesterol transport, reducing corticosteroid synthe-
sis. The antistress and neuroprotective effects of GBE may also
be mediated by this mechanism of action.90

Animal data: GBE in combination with Zingiber offıcinale,
was compared with diazepam in a study of anxiolytic effects in
animals. Results showed these effects to be comparable to
those of diazepam, but in high doses the combination may have
anxiolytic properties.91 Social behavior in animals has been
evaluated using GBE, diazepam, and ethyl beta-carboline-3-
carboxylate.92

Clinical data: In a randomized, placebo-controlled, double-
blind study, 107 patients diagnosed with generalized anxiety
disorder or adjustment disorder with anxious mood received
either 480 mg of EGb 761, 240 mg of EGb 761, or placebo
once daily for 4 weeks. Primary outcome measures included
results from the Hamilton Anxiety Scale. Secondary outcome
measures included results from a series of psychological
exams. EGb 761 was superior to placebo in high- and low-dose
EGb 761 treatment groups on all secondary outcome mea-
sures.93

Tinnitus hearing disorder therapy – Because of the diverse
etiology of tinnitus and lack of objective methods to measure
its symptoms, results using GBE for treatment of this syn-
drome of hearing disorder are contradictory. GBE may have
positive effects in some individuals.94

Animal data: In animals with salicylate-induced tinnitus, GBE
resulted in a statistically significant decrease of behavioral
manifestations.95

Clinical data: In patients with hearing disorders secondary to
vascular insufficiency of the ear, about 40% of those treated
orally with a leaf extract for 2 to 6 months showed improve-
ment in auditory measurements. The extract also was ex-
tremely effective in relieving vertigo associated with vestibular
dysfunction.77

Other pharmacological activity –

Analgesic activity: In one animal study in rats, EGb 761
blocked thermal hyperalgesia and had significant (P < 0.01)
analgesic activity.96

Antifibrotic activity: EGb 761 was effective in arresting fibro-
sis development in 86 patients with chronic hepatitis.97 Ginkgo
biloba had potent antifibrotic activity against bleomycin-
induced lung fibrosis in rats.98

Chemotherapeutic activity: Ginkgo biloba has in vitro and in
vivo activity against Pneumocystis carinii99 and has been
studied in animals with diabetes,100,101 as well as in human
diabetic patients. Seed extracts of the plant possess antibacte-
rial and antifungal activity.6 Ginkgetin, from Ginkgo biloba,
inhibited the influenza virus sialidase, which facilitates release
of virus particles from the infected cell.102

Hyperlipidemia: Ginkgo biloba helped prevent the deteriora-
tion of lipid profiles when subjects were challenged with
high-cholesterol meals over an extended holiday season.103

Ocular effects: Some studies have reviewed GBE’s numerous
mechanisms that may be beneficial in treating ophthalmic
disorders,6 including its therapeutic value in ocular blood flow,
antioxidant activity, platelet activating factor inhibitory activ-
ity, nitric oxide inhibition, and neuroprotective activity in
certain forms of glaucoma.104,105

Premenstrual syndrome: A multicenter, double-blind,
placebo-controlled study of 143 women (18 to 45 years of age)
administered a ginkgo extract 160 mg daily (EGb 761) or
placebo documented improvement in the symptoms of premen-
strual syndrome, particularly breast-related symptoms, with
ginkgo supplementation.106 GBEs exhibited estrogenic and
antiestrogenic activity and had a biphasic effect on estrogen.107

Multiple sclerosis: A 4-week, double-blind, placebo-
controlled study examined the efficacy of 240 mg daily of EGb
761 in 22 patients with multiple sclerosis. Outcome measures
included depression, anxiety, fatigue, symptom severity, and
functional performance, with ginkgo-treated patients showing
greater improvement in measures of fatigue, symptom severity,
and functionality. No adverse reactions were reported.108

Stroke: Ginkgo biloba extract is widely used in China to treat
acute ischemic stroke.109,110 However, a systematic review that
included 10 trials with a total of 792 patients and assessed the
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efficacy of ginkgo found no convincing evidence to support the
use of ginkgo for recovery after stroke or improvement in
neurological deficit at the end of treatment.110 Some animal
studies document a neuroprotective effect of bilobalide, a
constituent of Ginkgo biloba, in treating brain edema second-
ary to stroke or traumatic brain injury.111,112 Another animal
study documented similar efficacy with the use of EGb 761 and
Losartan (an angiotensin II receptor antagonist) in reducing
expression of pro-apoptotic genes. Reduction of the immuno-
reactivity of these genes may have a therapeutic effect for
stroke treatment.113

Ulcerative colitis: Results of macroscopic, histological, and
biochemical data document that Ginkgo biloba reduced inflam-
mation and acute colonic damage induced by acetic acid
dose-dependently in rats. The authors demonstrate that Ginkgo
biloba may be effective in certain forms of inflammatory bowel
disease involving cytokines or free radicals.114

DOSING: Standardized ginkgo leaf extracts such as EGb 761
(Tebonin forte, Schwabe) have been used in clinical trials for
cognitive and circulatory disorders at daily doses of 120 to
720 mg of extract. Extracts are usually standardized to 24%
flavones and 6% terpene lactones.80,115-121 Ginkgo is available
commercially in several dosage forms, including teas, liquids,
colas, capsules, extracts, tablets, sprays, and bars.

PREGNANCY/LACTATION: Ginkgo should not be used
during pregnancy and lactation. A systematic review of 7
electronic databases found evidence from animal studies that
ginkgo leaf has antiplatelet activity,122 as well as emmena-
gogue and hormonal properties. The review article also refers
to a report of ginkgo products being adulterated with colchi-
cine, which can arrest cell division, thus affecting fetal growth;
however, the accuracy of this report has been challenged. An
animal study in pregnant rats treated with 7 to 14 mg/kg/day of
ginkgo resulted in significant reduction in fetal body
weights.123

INTERACTIONS: Ginkgo interacts with the human CYP-
450 system and its isoenzymes, which may affect the metabo-
lism of various drugs.124-127

Anticoagulants (eg, warfarin) – Intracerebral hemorrhage
occurred in a woman 78 years of age receiving warfarin and
Ginkgo biloba.128 The patient had been taking warfarin for
5 years, with her daughter reporting that she had been giving
her mother Ginkgo biloba for 2 months. During that time, she
developed severe apraxia, a marked change in her mild to
moderate cognitive deficits, and an inability to feed herself; a
computer tomography scan revealed a left parietal hemorrhage.
The interaction was attributed to additive or synergistic anti-
coagulant effects between Ginkgo biloba and warfarin. Bleed-
ing disorders have also been reported in at least 2 patients

receiving Ginkgo biloba in the absence of warfarin.128,129 In a
placebo-controlled, double-blind, crossover study in patients
on stable, long-term warfarin therapy, Ginkgo biloba 100 mg
daily did not influence the anticoagulant response of warfarin
measured by the international normalized ratio.130

Anticonvulsants (eg, phenytoin, valproic acid and
derivatives) – A case report exists of a 55-year-old man who
suffered from a fatal breakthrough seizure.131 Evidence docu-
mented subtherapeutic serum levels for both of his anticonvul-
sants Depakote and Dilantin. The man was also self-
medicating with Ginkgo biloba. Both Depakote and Dilantin
are metabolized by CYP2C9, so induction of this enzyme by
ginkgo may explain thier subtherapeutic levels. Ginkgo also
has been found to protect against the hepatotoxicity in
Depakote-treated patients; the mechanism of action involves
ginkgo reducing the overproduction of reactive oxygen species
caused by Depakote.132,133

Antihypertensives (eg, nifedipine, propranolol) – Ginkgo
biloba may inhibit the metabolism of nifedipine, elevating
nifedipine plasma concentrations and increasing the pharma-
cologic and adverse reactions. Compared with giving nifedi-
pine alone, administration of nifedipine 10 mg after 18 days of
Ginkgo biloba 120 mg/day to 21 healthy volunteers increased
nifedipine plasma levels 29% when measured 0.5 hours after
nifedipine administration.134 An animal study documented that
pretreatment with EGb 761 decreased plasma concentrations of
propranolol by inducing several CYP enzymes.135

Antiplatelet medications (eg, aspirin) – Spontaneous hem-
orrhaging into the anterior chamber of the right eye occurred in
a man 70 years of age while taking aspirin and Ginkgo biloba
tablets (containing 40 mg of extract).136 The patient had been
taking aspirin 325 mg daily for 3 years and started Ginkgo
biloba 1 week before the bleeding episode. The interaction
may have resulted from an additive or synergistic inhibitory
effect on platelet aggregation caused by at least one of the GBE
components.137

Benzodiazepines (eg, alprazolam, midazolam) – Ginkgo bi-
loba may slightly decrease alprazolam plasma concentrations.
In 12 healthy volunteers, 14 days of pretreatment with GBE
60 mg twice daily decreased the AUC of alprazolam 17% when
administered as a single oral 2 mg dose.138 The clearance of
midazolam was decreased 26% in an experiment in 10 healthy
volunteers who were also administered GBE 360 mg daily for
28 days.139

Cyclosporin – Results of an animal study documented de-
creased oral bioavailability of cyclosporin (62%) and reduced
clearance (51%) with ginkgo.140

Digoxin – An open-label, randomized, crossover study in
8 healthy volunteers who were administered ginkgo 240 mg
daily for 2 weeks documented a 21.9% increase in the AUC of
digoxin at a dosage of 0.5 mg.141
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Haloperidol – Concurrent use of Ginkgo biloba and haloperi-
dol may increase the efficacy and decrease extrapyramidal
adverse reactions of haloperidol as documented in a double-
blind, placebo-controlled study of 56 patients with chronic,
treatment-resistant schizophrenia.69

Nonsteroidal anti-inflammatory drugs (eg, ibuprofen) –
Fatal intracerebral mass bleeding occurred in a man 71 years of
age taking concurrent Ginkgo biloba and ibuprofen.142 He had
been taking GBE 40 mg twice daily for at least 30 months
before his death, which occurred 4 weeks after starting
ibuprofen 600 mg daily. –

Proton-pump inhibitors (eg, omeprazole) – Ginkgo biloba
may increase the metabolism of omeprazole, reducing its
plasma concentrations and decreasing therapeutic effect. In 12
healthy subjects, administration of omeprazole 40 mg after
12 days of pretreatment with GBE 140 mg twice daily de-
creased the ratio of the omeprazole AUC to the
5-hydroxyomeprazole metabolite 68%, compared with taking
omeprazole alone.143 In addition, urinary recovery of the
metabolite was reduced.

SSRIs (eg, fluoxetine) – Ginkgo may increase the risk of
serotonin syndrome when taken with SSRIs. A case report
documents a hypomanic episode after the addition of Ginkgo
biloba and St. John’s wort to a regimen of buspirone and
fluoxetine.144

Sulfonylureas (eg, tolbutamide) – In a study in 10 healthy
men taking tolbutamide 125 mg alone and after receiving
Ginkgo biloba extract 120 mg 3 times daily for 28 days,
pretreatment with Ginkgo biloba reduced tolbutamide AUC
16% and attenuated the blood-glucose lowering effect of
tolbutamide.145 Ginkgo biloba may increase the metabolism
(CYP2C9) of tolbutamide.

Trazodone – The risk of sedation with trazodone may in-
crease with concurrent ingestion of Ginkgo biloba.146 A
woman 80 years of age with Alzheimer disease went into a
coma during coadministration of trazodone 20 mg twice daily
and Ginkgo biloba 80 mg twice daily. The patient was taken to
the hospital and immediately regained consciousness following
the administration of flumazenil to antagonize the effects of
trazodone. The mechanism for this possible interaction is not
known.

ADVERSE REACTIONS: Severe adverse reactions are rare;
possible effects include headache, dizziness, heart palpitations,
as well as GI and dermatologic reactions. Ginkgo pollen can be
strongly allergenic. Contact with the fleshy fruit pulp can cause
allergic dermatitis similar to poison ivy.

Adverse reactions from clinical trials using doses of up to
160 mg/day for 4 to 6 weeks did not differ from placebo

groups. Injectable forms of ginkgo may cause circulatory
disturbances, skin allergy, or phlebitis. A parenteral ginkgo
product (Tebonin) has been withdrawn from the market be-
cause of the possible severity of adverse reactions.6

Cardiovascular effects – In one case report, a patient devel-
oped heart palpitations after taking Ginkgo biloba,147 which
resolved with discontinuation. Another study documented re-
ductions in systolic and diastolic blood pressure with ginkgo
extract 120 mg daily for 3 months.45

In one report, spontaneous bilateral subdural hematomas were
associated with ingestion of the plant.128

Dermatological effects – The fleshy fruit pulp has been
known since ancient times as a skin irritant. Constituents
alkylbenzoic acid and alkylphenol derivatives cause reactions
of this type. Allergic dermatitis (eg, erythema, edema, blisters,
itching) have all been reported,6 with the existence of cross-
allergenicity between ginkgo fruit pulp and poison ivy.
Ginkgolic acid and bilobin are structurally similar to the
allergens of poison ivy, mango rind, and cashew nut shell oil.
Contact with the fruit pulp may cause erythema and edema,
with the rapid formation of vesicles accompanied by severe
itching and symptoms lasting 7 to 10 days. Ingestion of as little
as 2 pieces of pulp has been reported to cause perioral
erythema, rectal burning, and tenesmus (painful spasms of the
anal sphincter).1

A 45-year-old man developed acute generalized exanthematous
pustulosis during treatment for tinnitus with ginkgo. Within
2 days, the rash spread to his limbs and face but resolved
within 10 days after discontinuation of the ginkgo supple-
ment.148

GI effects – Allergens ginkgol and ginkgolic acid can cause
contact reactions of mucous membranes resulting in cheilitis
and GI irritation. Oral ingestion of ginkgo preparations, how-
ever, does not produce this effect.6,7 Ginkgo pollen can also be
strongly allergenic.149

TOXICOLOGY: Individuals with known hypersensitivity re-
actions should avoid ginkgo use. Ginkgo may also interact with
several medications. Because of the potential risk of increased
bleeding or hemorrhage, ginkgo use should avoided with
antiplatelets (eg, aspirin) or anticoagulants (eg, warfarin), or if
the patient has vitamin K deficiency.150,151 Patients with a
history of, or a predisposition to, seizure activity should not
take ginkgo.152

A toxic syndrome (“Gin-nan” food poisoning) has been recog-
nized in children who have ingested ginkgo seeds. Approxi-
mately 50 seeds have produced tonic-clonic seizures and loss
of consciousness.153,154,155 Seventy reports (between 1930 and
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1960) found 27% lethality, with infants being most vulnerable.
Ginkgotoxin (4-O-methylpyridoxine), found only in the seeds,
was considered responsible for this toxicity.6,7 In animal
experimentation with GBE, no mutagenic or teratogenic effects

were found. Oral administration of up to 1,600 mg/kg/day to
rats did not produce teratogenic effects. Other animal toxicity
data are available including lethal dosing and other studies
performed in mice, rats, guinea pigs, rabbits, and dogs.6
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