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Abstract

Ginkgo biloba seeds and leaves have been used as a traditional herbal remedy for thousands of 

years, and its leaf extract has been consumed as a botanical dietary supplement for decades. 

Ginkgo biloba extract is a complex mixture with numerous components, including flavonol 

glycosides and terpene lactones, and is one of the most widely sold botanical dietary supplements 

worldwide. Concerns about potential health risks for the general population have been raised 

because of the widespread human exposure to Ginkgo biloba and its potential toxic and 

carcinogenic activities in rodents. The National Toxicology Program conducted 2-year gavage 

studies on one Ginkgo biloba leaf extract and concluded that there was clear evidence of 

carcinogenic activity of this extract in mice based on an increased incidence of hepatocellular 

carcinoma and hepatoblastoma. Recently, Ginkgo biloba leaf extract has been classified as a 

possible human carcinogen (Group 2B) by the International Agency for Research on Cancer. This 

review presents updated information on the toxicological effects from experimental studies both in 

vitro and in vivo to human case reports (caused by ginkgo seeds or leaves), and also summarizes 

the negative results from relatively large clinical trials.

Keywords

Case report; clinical trial; Ginkgo biloba leaf extract; genotoxicity; ginkgo seeds; toxicity

Introduction

Dietary supplements have been placed in a special category under the general umbrella of 

foods in the United States since the US Congress passed the Dietary Supplement Health and 

Education Act (DSHEA) in 1994.[1,2] Under the DSHEA, dietary supplements can be 
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marketed without proof of effectiveness or safety and without the approval from the US 

Food and Drug Administration (FDA). Among the category of dietary supplements, 

botanical dietary supplements (sometimes referred to as herbals or herbal dietary 

supplements) are classified as nonvitamin, nonmineral, natural products, and are available on 

the market as plants, plant parts, or plant extracts.[3] According to the 2012 National Health 

Interview Survey, about 18% of Americans used botanical dietary supplements,[4] the result 

of which has created a US $35 billion dietary supplement industry.[5] It is estimated that up 

to 3000 species of plants are included in the formulations of at least 55,000 different dietary 

supplement products in the United States.[6,7] Dietary supplements can be found in many 

forms, including tablets, capsules, liquids, soft gels, gel caps, and powders, and are widely 

used across all ages worldwide. Therefore, the concerns regarding the potential public health 

risks relating to the concentration, composition, and contaminants of individual dietary 

supplements, as well as their interactions with drugs or other dietary supplements, have been 

increasing.[8,9] Testing of dietary supplements for efficacy and safety is important and needs 

to be conducted scientifically.

To assess the safety of botanical dietary supplements, the US National Toxicology Program 

(NTP) held an International Workshop to Evaluate Research Needs on the Use and Safety of 

Medicinal Herbs[9] and initiated a number of studies to evaluate the carcinogenicity of 

botanical dietary supplements and their constituents in mice and rats. Numerous botanical 

dietary supplements were nominated to the NTP by US government agencies, including the 

FDA and the National Cancer Institute. The studies completed by the NTP have indicated 

that Aloe vera, Ginkgo biloba, goldenseal, and kava showed different levels of evidence of 

carcinogenic activity in rats, mice, or both species.[3]

The Ginkgo biloba (ginkgo) tree is believed to be one of the world’s oldest species of trees 

living today. This tree originates from China and has been cultivated around the world as an 

ornamental tree.[10] The Chinese name for this plant is “Yin-xing” in mandarin, meaning 

“silver fruit”; it is called “Icho” in Japanese. The ginkgo tree is a deciduous plant with green 

leaves turning golden in autumn and the ginkgo seeds are contained in ginkgo fruits born on 

the female trees. The nut-like gametophytes inside the seeds have been used in traditional 

Chinese medicine for cough, asthma, enuresis, pyogenic skin infections, and intestinal tract 

worm infections,[11] and have been cooked in traditional Chinese and Japanese foods. 

Ginkgo leaves have also been used to treat memory loss and cognitive disorders, arrhythmias 

and ischemic heart disease, cancer, diabetes, and thromboses.[12] Ginkgo biloba leaf extracts 

in various forms are widely available in herbal supplement stores and online in the United 

States[13] and can be purchased in many countries as a dietary supplement. Ginkgo biloba is 

one of the best-selling botanical dietary supplements in the United States at US $94 million 

in 2012,[14] while total worldwide sales of ginkgo products were US $1.26 billion in 2012, 

with US $578 million being sold in China, US $152 million in Germany, and US $40 to 61 

million in Australia, France, Brazil, and Korea.[15]

Over the past few decades, Ginkgo biloba leaf extract and some of its components have been 

reported to have cardioprotective effects, neuroprotection against neurovascular insults, and 

anticancer activities,[16,17] and ginkgo appears a promising botanical dietary supplement 
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with therapeutic benefits. In order to determine the current pharmacological and/or 

toxicological research status on ginkgo, we performed a literature search in PubMed using 

“ginkgo biloba” alone or combined with “toxicity” as the keywords. A total of 3603 

publications were identified when using “ginkgo biloba” alone as keyword in “All Fields,” 

while there were 275 publications (7.6%) related to “toxicity” when “ginkgo biloba and 

toxicity” were combined. Out of the 3603 publications, 2953 papers (82.0%) were published 

in the period of 2000–2016. Figure 1 shows the details from 2000 to 2016 (searches 

conducted on July 20 and November 7 of 2016), indicating a great increase in the interests 

of ginkgo study since 2000. About 8.3% of these articles investigated ginkgo-related safety 

issue and/or toxicity. Data on the toxic effects of Ginkgo biloba, including genotoxicity and 

carcinogenicity, have been reported.

Ginkgo biloba leaf extract was nominated to the NTP for a 2-year carcinogenicity 

bioassay[18] for the following reasons: (1) Ginkgo biloba leaf extract and its active 

ingredients have biological activities, (2) ginkgo extracts can be consumed in large doses 

over an extended period of time, and (3) some of ginkgo’s ingredients possess mutagenic 

activities. The NTP 2-year bioassay indicated that administration of Ginkgo biloba leaf 

extract caused carcinogenic activity in livers of mice.[19] Recently, Ginkgo biloba leaf 

extract has been classified as a possible human carcinogen (Group 2B) by the International 

Agency for Research on Cancer,[15,20] along with other natural products such as Aloe vera 
extract[21] and kava extract.[22] The beneficial properties of Ginkgo biloba have been 

addressed widely as more than 90% publications are related to the beneficial effects (Figure 

1), which have been reviewed comprehensively[10,12,16,23]; however, less is known about the 

toxic properties of Ginkgo biloba. In this review, Ginkgo biloba-induced toxicity from 

experimental studies, both in vitro and in vivo, to human case reports (caused by ginkgo 

seeds or leaves) are reviewed, and the outcomes from relatively large clinical trials are also 

summarized.

Chemical components of Ginkgo biloba

The chemical analysis and quality control of ginkgo leaves, ginkgo extracts, 

phytopharmaceuticals, and some herbal supplements have been comprehensively reviewed.
[10,11,15,24] Ginkgo biloba leaf extracts are made from dried ginkgo leaves with an acetone-

water mixture or other suitable solvents; it is a multistep procedure with the enrichment of 

preferred components and elimination of unwanted substances. The ratio of the crude plant 

material to powdered extract is between 35~76:1.[25] Ginkgo biloba leaf extract contains a 

mixture of known and possible active compounds. Using a capillary HPLC/MS method, 

more than 70 components were identified from the ginkgo products.[26] This method also 

successfully detected the active components of ginkgo in human urine after ingesting ginkgo 

extract.[27]

The commercial products of Ginkgo biloba leaf extracts can vary in chemical analysis from 

one manufacturer to another depending on many variable factors, for example, strain, 

climate, growth phase, and processing. Several initiatives have been made to establish 

standards regarding preparative procedures, analysis, and contents of these products. By 

mixing different preparations with high or low contents of components, a constant quality of 
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ginkgo product can be achieved.[11] A standardized preparation of Ginkgo biloba leaf 

extract, called EGb761, which is commercially available in Europe, contains two major 

components, flavonol glycosides (24%) and terpene lactones (6%), along with less than 5 

parts-per-million (ppm, i.e., μ.g/g) of ginkgolic acids (Table 1) and other constituents, 

including proanthocyanadins, glucose, rhamnose, organic acids, and D-glucaric.[12] 

Synthesis of EGb761 requires a 27-step extraction process, and the liquid extract is dried to 

give 1 part extract from approximately 50 parts raw ginkgo leaves.[10] Of the flavonoids, 

glycosylated quercetin, kaempferol, and isorhamnetin are the most abundant.

The standardization of ginkgo products on the market, however, is far from ideal. A survey 

on 27 Ginkgo biloba leaf extracts in the US market was conducted from ginkgo products 

purchased in health-food stores and supermarkets.[28] When the fingerprints of products 

were compared, the spectra of lipophilic and hydrophilic substances in the extracts and the 

quantity of substances were quite different. Seventeen of the 27 products were not in 

accordance with the specified standard range. Overall, the percentages in the extracts 

showed variations of 24%−36% for flavonol glycosides and 4%—11% for terpene lactones, 

with a wide range from < 500 (below the limit of quantification) to 90,000 ppm for 

ginkgolic acids (Table 1). Another study analyzed the compositions of five commercial 

ginkgo products; two were collected from a local market in the United Kingdom, one from a 

nationwide health food store, and two from a local research company. Using a traditional 

quality control method of HPLC separation with UV detection, the five samples had 6%—

11% terpene lactones and 28%−35% flavonoids; however, the individual amounts of specific 

compounds within each class varied by as much as 200% between the different commercial 

samples.[29]

Considerable variations in components also exist in more regulated products involving 

ginkgo extract. Three pharmaceutical products and eight dietary supplements containing 

ginkgo extract in Poland were analyzed using chromatography (TLC and HPLC).[30] Most 

of samples contained 21%−28% flavonoids, except one sample only had 0.53%. For terpene 

lactones, nine of eleven samples had 4.6%-7.3%, while two samples contained 0.17% and 

0.73%. The extracts of three herbal pharmaceuticals and four dietary supplements were 

found to contain less than 5 ppm of ginkgolic acids, whereas its concentration in the other 

four dietary supplements was much greater, ranging from 392 to 8053 ppm (Table 1). 

Twenty-nine commercially available ginkgo products were randomly collected in the 

Netherlands and analyzed for their content.[31] Among the 29 products, only 2 and 7 met the 

requirement of pharmaceutical guideline for terpene lactones and flavonoids, and only one 

product met both requirements simultaneously. Variations were seen when compared to the 

declared amount on the label: the amount varied between 27% and 358% for terpene 

lactones and 86% and 418% for flavonoids (Table 1).

Clinical trials of Ginkgo biloba

Many clinical trials designed to assess the efficacy of Ginkgo biloba leaf extract have been 

conducted in patients with different diseases; however, these clinical trials have not produced 

consistent evidence of benefits. The positive effects of ginkgo found in several early case 
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reports or small trials have not been confirmed in the recent studies with relatively larger 

number of patients, longer duration, and better study designs.

Three commonly claimed health effects of Ginkgo biloba leaf extract are improved blood 

circulation, improved memory, and beneficial effects on symptoms of old age. However, 

Fransen and colleagues[31] reanalyzed 26 original studies conducted in healthy volunteers or 

patients, and 10 meta-analysis and systematic reviews, and concluded that these health 

benefits could not be substantiated; in addition, neither safety nor efficacy could be 

guaranteed at the recommended daily dose. Since country differences may exist in the 

guidelines and procedures of clinical trials, and in the components of the ginkgo products 

used, hereafter we review large scale clinical trials and studies based on regions.

Clinical trials in France

In France, a large study named “the GuidAge” was conducted with ginkgo leaf extract for 

the prevention of Alzheimer disease. A total of 2854 participants (mean age = 76.8 years and 

67% female) with spontaneous memory complaint were enrolled and randomized to receive 

either EGb761 120 mg twice a day (n = 1419) or a matching placebo (n = 1435) in a double-

blinded trial conducted by general practitioners and hospital practitioners specializing in 

memory disorders. Within 5-year period, 61 and 73 participants were diagnosed with 

probable Alzheimer disease in the ginkgo-treated and placebo groups, respectively; 76 and 

82 participants died in the ginkgo and placebo groups; 65 and 60 participants suffered a 

stroke in each group. The results from this 5-year study indicate that long-term use of a 

standardized Ginkgo biloba leaf extract did not reduce the risk of progression to Alzheimer 

disease compared with placebo.[34]

Clinical trials in the United Kingdom

In the United Kingdom, the Cochrane Library with a collection of six databases has 

published a series of systematic reviews on the effect of ginkgo extract on a variety of 

diseases.[35–39] As a vasoactive agent, ginkgo extract has been used to relieve intermittent 

claudication, the main symptom of peripheral arterial disease with leg pain while walking. 

Fourteen randomized controlled trials of ginkgo extract versus placebo with a total of 739 

patients were reviewed. Although the patients using ginkgo extract could walk 65 meters 

further than the patients in the placebo group, there was no significant difference between 

the two groups. Therefore, there is no evidence in general that ginkgo extract can clinically 

benefit patients with peripheral arterial disease.[35]

Age-related macular degeneration is a pathological change affecting the central area of the 

retina. Since vascular factors and oxidative damage are believed to be two potential 

mechanisms and ginkgo extract has been suggested to be a helpful agent to slow down the 

progression of this disease, two clinical trials, one in France with 20 people, and the other in 

Germany with 99 patients, were conducted with different daily doses (60–240 mg) for six 

months. Due to their short durations and small numbers of participants, these studies had 

insufficient power to answer the question whether or not ginkgo extract is beneficial to 

people suffering from age-related macular degeneration.[37]
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People with tinnitus can hear sounds in the absence of external acoustic stimulation and 

currently there is no specific therapy that is satisfactory for all tinnitus patients. Ginkgo leaf 

extract has been suggested in the management of tinnitus. Four randomized controlled trials 

with 1543 participants were analyzed and three trials enrolled 1143 patients with a primary 

complaint of tinnitus. The results indicated that there was no evidence that ginkgo extract 

was effective for the patients who are troubled by tinnitus.[36]

Ginkgo extract has been widely used for the treatment of cerebral dysfunction. In a review 

of 36 randomized, double-blinded trials, most studies were small and ≤ 3 months in length, 

except for nine trials that were 6 months in duration with 2016 patients. The results of the 

studies are inconsistent regarding the efficacy of ginkgo extract for dementia or cognitive 

decline. Among the four most recent trials, three found no difference between ginkgo-treated 

group and placebo group and one reported positive treatment effects while using ginkgo.[38]

In order to determine whether or not ginkgo extract improves functional outcome in the 

patients with acute ischemic stroke, 10 randomized controlled trials with 792 patients were 

reanalyzed, with the conclusion that there was no convincing evidence for the routine use of 

ginkgo extract in the treatment of acute ischemic stroke.[39]

Clinical trials in the United States

In the United States, the Ginkgo Evaluation of Memory (GEM) Study is the largest clinical 

trial in evaluating ginkgo’s effect on dementia over the course of 8 years at four clinical sites 

in California, Maryland, North Carolina, and Pennsylvania. More than 20 research articles 

have been published regarding GEM study data (https://nccih.nih.gov/research/results/

gems). In this study, 3069 participants aged ≥75 years (mean age = 79 years and 46% 

female) with normal cognitive (n = 2587) or mild cognitive impairment (n = 482) were 

enrolled and randomly assigned to two groups, one group (n = 1545) receiving 120 mg of 

ginkgo extract twice a day, and the other group (n = 1524) having an identical-appearing 

placebo. These participants were assessed every 6 months for incident dementia and 

followed for an average of 6 years. During this period, 523 participants (47% in the placebo 

group and 53% in the ginkgo group) were diagnosed with dementia. The ginkgo extract 

showed no overall effect on the rate of progression to dementia in participants with mild 

cognitive impairment. The results indicate that ginkgo extract at 120 mg twice a day does 

not reduce the overall incidence rate of dementia or Alzheimer disease in older adults.[40] In 

addition, there were no differences between ginkgo extract and placebo groups in any 

neuropsychological domains, including memory, attention, visual-spatial abilities, language, 

and executive functions. There were also no differences in rates of change over time for the 

Modified Mini-Mental State Examination and the cognitive subscale of the Alzheimer 

Disease Assessment Scale although rates of change varied by baseline cognitive status, and 

no significant effect modification of treatment on rate of decline when stratified by age, sex, 

race, education, or baseline mild cognitive impairment. These results indicate that ginkgo 

extract does not slow the rates of cognitive decline in elderly individuals with normal 

cognition or with mild cognitive impairment.[41]
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In order to investigate whether or not Ginkgo biloba leaf extract is cardioprotective through 

its vasodilatory and antihypertensive properties, the effects of ginkgo extract on blood 

pressure and incidence of hypertension were determined. Among the 3069 volunteers at 

baseline, 17% were normotensive, 28% were pre-hypertensive, and 54% were hypertensive. 

During the study, all participants assigned to ginkgo and placebo groups showed similar 

changes in blood pressure and pulse pressure, and there were no differences in the rate of 

hypertension incidence in either group. Therefore, ginkgo extract does not appear to reduce 

blood pressure or the incidence of hypertension in elderly people.[42]

The differences on cardiovascular disease between ginkgo and placebo groups were also 

evaluated using Cox proportional hazards regression adjusted for age and sex. Between 

ginkgo and placebo groups, there were no differences on the number of total death (n = 355) 

and the death due to coronary heart diseases (n = 87), and there were no differences in the 

incident of myocardial infarction (n = 164), angina pectoris (n = 207), or stroke (n = 151). 

These results suggest that ginkgo extract cannot be recommended for preventing 

cardiovascular disease.[43] There were, however, more peripheral vascular disease events in 

the placebo group (1.5% vs. 0.8%).

The GEM study analyzed cancer as a secondary endpoint and found little evidence of a 

protective role of Ginkgo biloba leaf extract in cancer occurrence.[44] Among the 

participants in both groups, the demographic, lifestyle, and medical characteristics were 

comparable. During the follow-up period (median = 6.1 years), there were 162 cancer 

hospitalizations in the ginkgo-treated group and 148 cases in the placebo group. Compared 

to the placebo group, higher incidence rate of breast and colorectal cancers and lower 

incidence rate of prostate cancer were observed in the ginkgo-treated group. These data 

should be cautiously viewed due to several study limitations, such as insufficient follow-up 

time for cancer occurrences; nonetheless, the findings do not support the hypothesis that 

consumption of ginkgo reduces the risk of cancer.[44]

Many studies have reported the beneficial properties of Ginkgo biloba leaf extract for 

treatment of other diseases, either used alone or as an adjuvant therapy with prescription 

drugs and some other dietary supplements; however, the sample size used in these trials was 

generally small. To confirm these claims, additional high-quality studies, with more 

participants, longer duration, and randomized double-blinded design conducted in multiple 

clinical sites are needed.[45]

Adverse clinical effects of Ginkgo biloba in humans

Recently, Restani and colleagues reviewed adverse effects of plant food supplements and 

botanical preparations, and found that 39 plants, 59% of all plants searched, resulted in 

adverse effects in humans.[46] Of the 492 publications reviewed, direct association between 

the adverse effects and the use of botanicals was reported in 82% of the publications, while 

the remaining 18% reported indirect associations, such as the interaction with conventional 

drugs. Ginkgo biloba was ranked as the fourth highest plant associated with adverse effects, 

with 28 papers related to adverse effects and 14 reporting an interaction with conventional 
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drugs.[46] In the following sections, we review some case reports of the adverse effects 

observed in humans from the intake of ginkgo seeds and leaf extracts.

Ginkgo biloba seeds

Food poisoning by ginkgo seeds have been reported in Japan and China,[47,48] probably due 

to the fact that Japanese and Chinese have been consuming ginkgo seeds/nuts as an ordinary 

food since ancient times. The main symptoms of ginkgo seed poisoning are tonic and/or 

clonic convulsion, vomiting, and loss of consciousness.[48–51] Ginkgo seed poisoning is 

primarily due to the neurotoxic compound 4’-O-methylpyridoxine (MPN, also known as 

ginkgotoxin)[47,52] and MPN glucoside in ginkgo seeds.[53,54] MPN is chemically related to 

vitamin B6 and interferes with its biosynthesis, metabolism, and function. MPN inhibits 

enzymatic activation of vitamin B6 by pyridoxal kinase in vitro[55–57] and in vivo,[58] 

resulting in vitamin B6 deficiency and leading to diminished γ -aminobutyric acid (GABA) 

synthesis.[57] Ginkgo seeds contain MPN at concentrations of 170–404 ppm.[51,59]

In 1881, the first Japanese case report indicated that the death of two boys was caused by 

ginkgo seed poisoning.[60] Figure 2 shows the number of patients with ginkgo seed 

poisoning in Japan by decades based on the previous survey.[48] The first peak of the 

incidence occurred in 1940s and 1950s after World War II when food was scarce. Soon 

afterwards a transient decrease of the numbers was observed before the second peak of the 

incidence appeared after 2000. The decrease might be due to the improvement in nutrition 

and the changes in data collection of intoxications in Japan. “Food name,” such as ginkgo 

seed, was previously recorded as the source of food poisoning in food poisoning database. 

However, “food category,” such as nuts and seeds, has been recorded as the source of food 

poisoning, and “food name” has not been recorded after around 1970. Therefore, there was a 

possibility of under-reporting ginkgo poisoning cases during this period. Potential reasons of 

the second peak after 2000 might be the recognition of MPN in ginkgo seeds as the toxic 

principle[52] and the spread of information about food poisoning by ginkgo seed over the 

Internet. The mortality is about 13% (22 out of 170) in Japan and no deaths caused by the 

poisoning have been reported since 1969 (Figure 2). The most effective treatment of the food 

poisoning by ginkgo seed is the administration of vitamin B6,[50,51,61] to overcome the 

vitamin B6 deficiency caused by the poisoning. Most cases of ginkgo seed poisoning resolve 

without sequelae.

A number of case reports have reported adverse effects and/or the presence of MPN in 

patients suffering from ginkgo poisoning. A 36-year-old Japanese woman experienced 

frequent vomiting and generalized convulsions 4 hours after consuming 70–80 ginkgo nuts 

cooked in a microwave oven.[49] HPLC analysis showed that the serum levels of MPN 

ranged from 240 to 1280 ng/ml in five patients with ginkgo seed poisoning.[51] A 2-year-old 

Japanese girl presented with vomiting, diarrhea, and irritability 7 hours after the ingestion of 

50–60 roasted ginkgo seeds and the concentration of MPN was 360 ng/ml in her serum 

drawn immediately after an afebrile convulsion, about 9 hours after ingestion (values of 

MPN are usually below the detectable limit of 15 ng/ml).[61] Another 2-year-old Japanese 

boy had vomiting and afebrile convulsion 4 hours after eating about 50 ginkgo nuts, and the 

concentrations of MPN were 37–157 ng/ml in his serum within 12 hours after the admission 
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and 397 ng/ml in the urine at18 hours after admission.[50] Recently, a 23-month-old boy in 

Switzerland experienced two afebrile tonic-clonic seizures after the consumption of an 

unknown amount of ginkgo seeds and the poisoning was confirmed by measuring MPN 

levels in both blood and urine.[59] A 51-year-old Korean woman had overconsumed large 

amounts of ginkgo nuts (1 kg) within 1 hour and about half a day later, she experienced 

tonic-clonic seizure and postictal confusion with a decreased blood vitamin B6 level of 2.2 

μ.g/l (normal range: 5–50 μ.g/l).[62]

Ginkgo biloba leaf extracts

MPN is also found in Ginkgo biloba leaves[63] and in fruit pulp of Ginkgo biloba 
(Kobayashi et al., unpublished data); however, ginkgo leaves contain only small amount of 

MPN that maybe insufficient to exert detrimental effects.[63] Even measured with new 

methodology, MPN was below the limit of detection (9 ppm) in ginkgo leaf extract[64]; 

nonetheless, the possibility of contamination by seeds or fruits of Ginkgo biloba in all 

products of ginkgo leaf extract cannot be completely excluded. At least 37 components have 

been identified in ginkgo leaf extracts,[19] and some of these constituents may be responsible 

for the adverse effects observed in humans, as discussed hereafter.

In 2001, seven reports of seizures related to Ginkgo biloba leaf extract (three associated with 

single-ingredient ginkgo preparations and four with multi-ingredient products) were listed in 

the US FDA’s Special Nutritionals Adverse Event Monitoring System.[65] In the United 

Kingdom, two patients (a 78-year-old man and an 84-year-old woman) with epilepsy well-

controlled by valproate presented with recurrent seizures within 2 weeks of taking 120 

mg/day ginkgo leaf extract.[66] A fatal case of a 55-year-old male patient who suffered a 

breakthrough seizure with no evidence of noncompliance with his anticonvulsant 

medications was also reported. Following his death, his physician discovered that he had 

started taking herbal supplements (Ginkgo biloba, ginseng, and saw palmetto extracts) and 

nonprescription vitamins a year prior to his death. The autopsy report revealed 

subtherapeutic serum levels of the anticonvulsants, valproate, and phenytoin. Since both 

anticonvulsants are metabolized by cytochrome P-450 2C9 (CYP2C9) and 2C19 

(CYP2C19), and ginkgo can increase the activity of CYP2C19, extensive metabolism of the 

anticonvulsants due to CYP2C19 induction and the effect of potent neurotoxin MPN on the 

seizure could be a plausible explanation.[67] Samuels and colleagues summarized case 

reports of herb-induced seizures, and three mechanisms of ginkgo-induced seizures were 

proposed: involvement of MPN, inhibition of platelet activating factor, and CYP2C19 

induction.[68]

Several reports have described the induction of CYP enzymes in humans by Ginkgo biloba 
leaf extracts, which shed light on potential interactions between ginkgo and conventional 

drugs. Eighteen healthy male Chinese, who were previously genotyped for CYP2C19, 

received 280 mg/day Ginkgo biloba extract (two 70-mg tablets twice a day) for 12 days and 

then received 40 mg omeprazole (a CYP2C19 substrate); plasma and urine concentrations of 

omeprazole and its metabolites were determined by an HPLC method. Ginkgo extract 

induced omeprazole hydroxylation in a CYP2C19 genotype-dependent manner and reduced 

the renal clearance of 5-hydroxyomeprazole, suggesting that ginkgo extract may reduce the 
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effects of medications, such as omeprazole or other drugs that are substrates for CYP2C19.
[69] Ten healthy male Japanese volunteers were administered 360 mg/day Ginkgo biloba leaf 

extract orally (2 tablets of 60 mg and 3 times a day) for 28 days; they then received 125 mg 

tolbutamide (CYP2C9 probe), 8 mg midazolam (CYP3A4 probe), and 75 g glucose. Plasma 

drug concentrations and blood glucose levels were then measured to determine the area-

under-the-plasma-concentration-time curve (AUC).[70] Compared to the drug concentrations 

before ginkgo extract intake, the AUC for tolbutamide after ginkgo intake was significantly 

decreased (16%) while the AUC for midazolam was increased (25%); ginkgo treatment also 

slightly attenuated the AUC of blood glucose-lowering effect of tolbutamide, indicating the 

potential risk of ginkgo extract with prescribed drugs.[70] Nonetheless, the effect of Ginkgo 
biloba leaf extract on CYP3A4 remains controversial. It has been suggested that 

consumption of Ginkgo biloba extracts should be monitored in patients receiving drugs 

metabolized by CYP2C19 and CYP2C9, and more studies are needed to investigate the 

combination of ginkgo extract and drugs known to be CYP3A4 or P-gp substrates.[71]

Another adverse effect associated with the use of Ginkgo biloba leaf extract is spontaneous 

bleeding, although contradictory research findings also exist. For example, a 59-year-old 

Korean man underwent a liver transplant and a routine postoperative ultrasound revealed 

probable subcapsular hematoma around the dome of the liver, with a vitreous hemorrhage in 

his right eye.[72] His physicians then found that the patient consumed ginkgo extract prior to 

transplantation and during his recovery in the hospital. A review paper with 15 published 

case reports (with patients ranging from 33- to 78-year-old) suggested a possible causal 

relationship between Ginkgo biloba extract and bleeding events. Three case reports indicated 

an increased bleeding time while taking ginkgo, and 6 case reports stated that bleeding 

terminated when ginkgo was stopped.[73] In contrast, a review article of 21 cases, including 

14 cases reported in Bent’s study, concluded that Ginkgo biloba extract did not significantly 

impact hemostasis or adversely affect the safety of co-administered aspirin or warfarin.[74] 

In addition, a meta-analysis of 18 randomized controlled trials with 1985 adults did not find 

a higher bleeding risk associated with standardized Ginkgo biloba leaf extract, based on the 

parameters of hemostasis and a comparison of mean difference between treatment and 

placebo groups.[75]

When 12 healthy male subjects received a single dose of 25 mg warfarin with or without 

pre-exposure to multiple dose of ginkgo extract (2 tablets, 3 times a day) for 1 week, there 

were no differences in pharmacokinetics and pharmacodynamics, such as international 

normalized ratio of prothrombin time or platelet aggregation, between the two groups.[76] 

Although the literature on ginkgo and its bleeding complications has been controversial, 

additional case reports continue to be published, such as the association of ginkgo with 

cerebral bleeding in a 38-year-old woman[77] and a diffuse alveolar hemorrhage in a 46-

year-old woman.[78] Recently, a study used a large medical record database, the Veterans 

Administration Informatics and Computing Infrastructure database in the United States, and 

collected the information of 11,003 patients who used ginkgo with warfarin and 796,396 

patients who used warfarin alone.[79] This study indicated that Ginkgo biloba leaf extract 

significantly increased patients’ risk of bleeding when taking concurrently with warfarin, 
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suggesting an increased risk of bleeding associated with the consumption of ginkgo and 

warfarin.

Other adverse effects associated with Ginkgo biloba leaf extracts have been reported as well. 

For example, a patient with electrocardiographic evidence of ventricular arrhythmia that 

resolved upon the discontinuation of ginkgo[80]; a case of acute generalized exanthematous 

pustulosis caused by oral ginkgo medication[81]; a randomized placebo-controlled trial of 

ginkgo showed that there were more ischemic stroke and transient ischemic attack cases 

observed among the ginkgo group[82]; a 35-year-old woman complaining frequent nocturnal 

palpitations, which was attributed to a pro-arrhythmic effect of ginkgo[83]; and a 66-year-old 

woman developed allergic contact dermatitis after picking ginkgo tree fruit among ginkgo 

leaves.[84] In addition, it has been suggested that Ginkgo biloba (including seeds and leaves) 

should be used with caution during pregnancy, particularly around labor, and during 

lactation, due to its anti-platelet properties.[85]

In vivo toxicity of Ginkgo biloba

In addition to clinical trials, the toxicity of Ginkgo biloba has been assessed in vivo in mice 

and rats. Acute toxicity studies on the standardized extract EGb761 demonstrated LD50 

(lethal dose caused the death of 50%) values of 7700, 1100, or 1900 mg/kg (ppm) in mice 

and >10,000, 1100, or 2100 mg/kg in rats when administered by oral, intravenous, or 

isoelectric point routes, respectively.[10] Next we summarize major findings regarding the 

toxicity of ginkgo in these rodent models, including genotoxic and carcinogenic potential, 

effects on embryonic development, and other observed abnormality.

In the safety assessment of a substance, the evaluation of genotoxic and carcinogenic 

potential is a major toxicity endpoint.[86] The NTP performed 3-month and 2-year toxicity 

and carcinogenicity studies with ginkgo leaf extract (obtained from Shanghai Xing Ling 

Science and Technology Pharmaceutical Company, Shanghai, China) in corn oil 

administered by oral gavage to F344/N rats and B6C3F1/N mice.[19] The liver, thyroid, and 

nose were found to be the targets of the treatment and these targets were consistent across 

sex, species, and exposure period, although with varied degrees of effect.[87]

A 3-month treatment of ginkgo increased the liver weights and incidences of hepatocytic 

hypertrophy in rats and mice in both sexes. A dose-related increase in pigmentation of the 

olfactory epithelium of the nose was observed in rats and mice; histopathological lesions, 

such as hyaline droplet accumulation in the respiratory and olfactory epithelium and hyaline 

droplet atrophy in the olfactory epithelium, were observed in the nose of male and female 

mice.[19]

A 2-year treatment significantly reduced the survival in the 1000 mg/kg male rats and in the 

600 and 2000 mg/kg male mice as compared to controls, when groups of rats were gavaged 

with 0, 100, 300, or 1000 mg/kg ginkgo leaf extract and groups of mice were administered 

0, 200, 600, or 2000 mg/kg. Incidences of hepatocellular adenoma were slightly increased in 

male rats, whereas there were significantly increased incidences of hepatocellular adenoma, 

carcinoma, and hepatoblastoma in both sexes of mice. The incidences of thyroid follicular 
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cell hypertrophy and follicle hyperplasia were significantly increased, whereas follicular cell 

adenoma and carcinoma were observed occasionally in ginkgo treated mice and rats. In the 

nose, respiratory epithelium adenomas were found in two 300 mg/kg female rats. The 

incidences of transitional epithelium and respiratory epithelium hyperplasia were 

significantly increased, as well as atrophy, metaplasia, nerve atrophy, and pigmentation in 

the olfactory epithelium in rats.[19]

Microarray analysis on gene expression changes in the liver of male B6C3F1 mice revealed 

significant alteration in the expression of genes associated with drug metabolic enzymes, the 

Nrf2-mediated oxidative stress, and the Myc gene-centered network named “cell cycle, 

cellular movement, and cancer.”[88] A mechanistic study of hepatogenesis illustrated that 

although morphologically indistinguishable, significant differences were observed in 

molecular changes between ginkgo-induced and spontaneous hepatocellular carcinoma 

(HCC) in B6C3F1 mice.[89] Compared to spontaneous tumors, ginkgo-induced tumors 

showed statistically significant increases in Ctnnb1 mutations and decreases in H-ras 
mutations with increasing ginkgo doses. Significant differences in gene expression profiles 

were found between ginkgo-induced and spontaneous HCC and the pathway analysis using 

Ingenuity Pathway Analysis software indicated overrepresentation of genes associated with 

cancer signaling, HCC development, xenobiotic metabolism, and oxidative stress pathways.

Reproductive and developmental toxicities of ginkgo extract were evaluated in rodents. A 

90-day subchronic treatment with commercial ginkgo extract tablets (obtained from General 

Nutrition Corporation, Pittsburgh, PA, USA) (25–100 mg/kg/day) by oral gavage caused 

significant increases in the weight of caudae epididymis and prostate, induced pre-

implantation loss, and decreased the percentage of pregnancy in male Swiss albino mice.[90] 

Percent sperm motility, count, and morphology of the spermatozoa were not affected.

The standardized ginkgo extract EGb761, which has defined concentrations of active 

ingredients (e.g., 0.4 ppm ginkgolic acids) showed no effects on embryo-fetal development, 

pre- and post-implantation losses in CD-1 mice orally administered 100–1225 mg/kg/day 

EGb761 daily from day 6 to day 15 of pregnancy (the days are critical days for 

organogenesis).[91] No EGb761-related malformations, variations, and retardations were 

observed in skeletal and soft tissues at any tested dose level, indicating that EGb761 tested in 

this study was not embryotoxic.

Adult Wistar rats were treated with ginkgo extracts (Origin: China, but prepared by JR 

Pharma, Juiz de Fora, Minas Gerais, Brazil) daily at 3.5, 7, and 14 mg/kg/day from the first 

to eighth day of pregnancy, which is the one-cell-to-blastocyst period for tubal transit and 

implantation.[92] These doses were equivalent to one, two, and four times the maximum 

human dose (240 mg/day, that is, 3.5 mg/kg/day for a human weighing 70 kg). When the 

rats were killed on the fifteenth day of pregnancy, no significant maternal and embryonic 

toxicities were observed as evaluated by maternal liver, kidney, and ovary weights, number 

of corpora lutea, pre- and post-implantation loss, live fetuses, fetus and placenta weight, and 

fetal external malformation. However, when the same extract was administered to Wistar rats 

at the same doses from the eighth to twentieth day of pregnancy, the middle- and high-dose 
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treatments caused significant decrease in the fetuses mean weights, indicating fetal intra-

uterine growth retardation.[93] Similarly, when dams were given ginkgo capsules (obtained 

from General Nutrition Corporation, Pittsburgh, PA, USA) at a dose of 100 mg/kg/day 

during pregnancy, mice fetuses exhibited a high frequency of malformations, including 

round shaped eye and orbits, syndactyly, malformed pinnae, nostrils, lips, and jaws, 

suggesting a teratogenic effect.[94]

Increases in sperm abnormalities, which mainly resulted in broken tail and amorphous head, 

were reported in F1 male Wister rats when dams were exposed to ginkgo extracts (obtained 

from JR Pharma, Juiz de Fora, Minas Gerais, Brazil) at doses of 25–100 mg/kg/day from the 

sixteenth to the twentieth day of pregnancy.[95] The administration of ginkgo extract at a 

dose of 3.5 mg/kg/day to nursing Wistar rats showed no toxic effects on mothers or on the 

physical, motor, and sensory development of the pups.[96] Ginkgolide B, one of the major 

active components of ginkgo extracts, was reported to trigger significant injury of oocyte 

maturation, fertilization, and sequential embryonic development in ICR mice administered 

1–6 μ.M ginkgolide B in drinking water for 4 days.[97]

Ginkgo extracts showed immunotoxic properties and cardiovascular toxicity in treated 

rodents. Two milligrams of a crude aqueous-alcoholic preparation obtained by extracting 

dried green ginkgo leaves with 60% w/w ethanol were injected subplantar into the paw of 

male C57B1I/6 mice.[98] A clear and significant lymphoproliferative reaction was observed 

in the ipsilateral popliteal lymph node of treated mice when compared with control mice. 

Chromatography studies indicated that ginkgolic acids were the main constituents in the 

crude preparation leading to the allergenic reaction.

When a diet containing 0.5% ginkgo (obtained from Tama Biochemical Co., Tokyo, Japan) 

was administered to aged male spontaneously hypertensive (SH) rats for 4 weeks, heart rate 

and blood flow velocity in tail arteries of aged SH rats were significantly reduced as 

compared to control rats. The impaired peripheral circulation may result from the inhibition 

of cardiac function in aged SH rats. In addition, ginkgo feeding significantly increased liver 

weight, the alanine aminotransferase level in serum, and the protein expression level of 

CYP2B in the liver.[99] EGb761 was also reported to enhance amikacin-induced ototoxicity 

as measured by distortion product otoacoustic emissions in Sprague-Dawley (SD) rats. 

These rats received amikacin 600 mg/kg/day intramuscularly between postnatal days (PND) 

30 and PND 44 and EGb761 100 mg/kg/day orally between PND 30 and PND 50, indicating 

an herb-drug interaction.[100]

Quercetin, a flavonoid, is the most investigated component of ginkgo extracts. An NTP 2-

year feeding study showed that quercetin (1000–40,000 ppm, the estimated dose delivered 

was approximately 40–1900 mg/kg/day) caused dose-related increases in the severity of 

chronic nephropathy and in the incidence of renal tubule hyperplasia.[101] Some evidence of 

carcinogenic activity was indicated by an increased incidence of renal tubule cell adenomas 

in male F344 rats. Quercetin was reported to induce apoptosis in both the liver and the brain 

in mice after an 18-day administration at doses of 0–250 mg/kg body weight, as evidenced 
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by increased caspase-3 expression and activity.[102] The brain was found to be more 

susceptible to apoptosis than the liver.

Polyprenols, a class of chemicals accounting for 0.35% in dried ginkgo leaves, are natural 

active lipids that showed no acute or subchronic toxicity in rodents.[103] In the acute toxicity 

study, ICR mice were given polyprenols orally at doses of 5000–21,500 mg/kg body weight 

twice and were observed during 14 days. In the subchronic study, female SD rats were dosed 

with 500, 1000, and 2000 mg/kg body weight/ day for 91 days, which was equal to 60, 120, 

and 240 times the daily dosage for a human weighing 60 kg, respectively. Both treatments 

showed no significant changes on the weight, food intake, hematological and biochemical 

indexes, or on all clinical observation indexes.

In vitro toxicity of Ginkgo biloba

Extensive research work has been carried out in vitro to assess the toxicity of Ginkgo biloba 
and decipher the underlying molecular mechanisms. A Ginkgo biloba leaf extract was 

cytotoxic and genotoxic, and induced oxidative stress and apoptosis in a variety of normal 

and carcinoma cells, as summarized in the following section.

In human HCC cell lines (HepG2 and Hep3B), a 24-hour treatment with a standard Ginkgo 
biloba extract solution EGb761 (Cerenin®, Karlsruhe, Germany) at concentrations of 0.05–1 

mg/ml significantly inhibited cell growth and caused lactate dehydrogenase (LDH) release, 

indicating suppressed cell proliferation and increased cell cytotoxicity.[104] These 

observations were further confirmed by Western blot analysis showing this extract solution 

decreased proliferating cell nuclear antigen (PCNA, a cell proliferation marker) and 

increased p53 expression (an apoptosis biomarker) in HepG2 cells. In another study, 

EGb761 (obtained from Yuyu Pharmaceutical Co., Seoul, Korea) in 100% ethanol inhibited 

the proliferation of a human retromolar trigone squamous carcinoma cell (SCC-1483) and 

caused apoptosis in a time- and concentration-dependent manner, which was confirmed by 

DNA fragmentation, increased caspase-3 activity, and poly ADP ribose polymerase (PARP) 

cleavage.[105]

In the neutral red assay, a Ginkgo biloba leaf extract (obtained from the National Institute of 

Standards and Technology, Gaithersburg, MD, USA) was demonstrated to be cytotoxic in 

SCC-1483 cells, human oral cavity squamous carcinoma cells (HSC-2), human salivary 

gland carcinoma cells (HSG), and human normal gingival fibroblasts (HF-1).[106] This study 

also demonstrated that ginkgo induced morphological abnormalities and apoptosis in HSC-2 

cells. A linear increase in peroxide (hydrogen peroxide and superoxide anion) was found in 

cell culture medium incubated with 0.25–1 mg/ml ginkgo for 2 hours, accompanied by time- 

and concentration-dependent glutathione (GSH) depletion. In addition, ginkgo leaf extract 

(obtained from Tian-Yi Bio-Tech Inc., Xi’an, China), at concentrations of 25–100 μ.g/ml, 

induced significant morphological alterations and increased cell fragility in isolated human 

red blood cells.[107] Dose-dependent GSH depletion and increases in cellular 

methaemoglobin were also observed upon co-incubation of red blood cells with the extract.
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The genotoxicity of a Ginkgo biloba leaf extract (obtained from Shanghai Xing Ling 

Science and Technology Pharmaceutical Co., Shanghai, China), containing comparable 

components to the marketed products, was investigated in the bacterial gene mutation assays 

by the NTP.[19] The extract (1–10 mg/plate) was mutagenic in Salmonella typhimurium 
strains TA98 and TA100 and in Escherichia coli strain WP2 uvrA/pKM101, either in the 

presence or absence of metabolic activation (10% S9), causing frame shift and base 

substitution mutations. Using the same test material, ginkgo leaf extract (0.2–1.2 mg/ml) 

induced concentration-dependent increases in cytotoxicity, mutant frequency, and DNA 

double-strand breaks in mouse lymphoma cells following a 4-hour treatment without 

metabolic activation.[108] The extract also increased intracellular reactive oxygen species 

levels and decreased GSH levels, suggesting pro-oxidant effects. The extract-induced DNA 

damage was further confirmed in human hepatoma HepG2 cells as measured by the Comet 

assay and by the induction of phosphorylation of histone H2A.X (γ -H2A.X), a hallmark of 

DNA damage.[109] A mechanistic study showed that the inhibition of topoisomerase II (Topo 

II) contributed to the extract-induced DNA damage. This ginkgo extract was also genotoxic 

and cytotoxic to human lymphoblast TK6 cells. In a GreenScreen HC assay, a 46-hour 

treatment increased GFP fluorescence and caused the relative cell survival of less than 90% 

of the vehicle control.[109]

As mentioned above, Ginkgo biloba leaves contain numerous chemical constituents (Table 

1). The flavonol glycosides and terpene lactones are the two major classes of components. 

The major flavonol glycosides are quercetin, kaempferol, and isorhamnetin, which were 

identified to be the major contributors to Ginkgo biloba leaf extract-induced genotoxicity.
[108,109] Various research groups have used in vitro approaches to investigate the toxicity of 

these components individually.

The toxic effect of quercetin has been well-documented in multiple cell lines. Quercetin at a 

concentration of 100 μ.M significantly inhibited cell growth and cell cycle progression (sub-

G1 arrest) in human breast cancer MDA-MB-453 cells.[110] Quercetin also caused apoptosis 

with the involvement of B-cell lymphoma 2 family proteins and caspase-3 and PARP 

cleavage.

Quercetin was mutagenic in a number of Salmonella typhimurium strains, including TA100, 

TA98, and TA1538, both with and without metabolic activation,[101,111,112] and induced 

DNA strand breaks in L5178Y mouse lymphoma cells, HepG2 cells, HeLa cells, and human 

peripheral blood lymphocytes.[108,113] Quercetin was cytotoxic and mutagenic in L5178Y 

cells at concentrations ≥30 μ.M,[108] and increased frequencies of micronuclei, sister 

chromatid exchange and chromosomal aberrations in Chinese hamster lung V79 cells, 

Chinese hamster ovary (CHO) cells, and human lymphocytes with and without S9.
[101,114

‘
115]

Kaempferol was mutagenic in the Salmonella typhimurium TA98 reversion assay in the 

presence of S9[116] and decreased relative survival, induced chromosomal aberrations, and 

increased mutation frequencies at the Tk locus in CHO-AT3–2 cells with and without S9 

activation.[115] Kaempferol also increased Tk gene mutations and induced DNA damage in 
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L5178Y cells, HepG2 cells, and human peripheral blood lymphocytes.[108,109,117] At 

concentrations of 17–104 μ.M in the presence of S9, kaempferol induced significant 

increases in chromosomal aberrations and micronuclei in V79 cells in a concentration-

dependent manner.[116] Kaempferol and quercetin, at concentrations of 40 μ.M inhibited 

cellular proliferation by inducing caspase-3-dependent apoptosis and PARP cleavage in 

various oral cancer cell lines (SCC-1483, SCC-25, and SCC-QLL1).[118]

Isorhamnetin was cytotoxic but not mutagenic in the mouse lymphoma assay both in the 

presence and absence of S9[108];however, it induced a moderate increase in DNA strand 

breakages in HepG2 cells in a concentration-dependent manner when compared to quercetin 

and kaempferol.[109] DNA damaging effects of these flavonol glycosides have shown to be 

the result of Topo II inhibition. Topo II inhibition by these flavonol glycosides was 

demonstrated by both in silico predication and biochemical analysis. Molecular docking 

indicated that quercetin and kaempferol have the greatest potential for interacting with Topo 

II. Using purified human Topo II, quercetin, kaempferol, and isorhamnetin showed 

inhibitory effects as measured by the ability to convert double-stranded catenated kinetoplast 

DNA (kDNA) to decatenated relaxed products.[109] Importantly, DNA damage triggered by 

quercetin was decreased in Topo II knockdown cells, indicating that DNA damage is directly 

linked to Topo II.

The class of terpene lactones in ginkgo leaves includes ginkgolide A, ginkgolide B, 

ginkgolide C, bilobalide, and other ginkgolides. Some of these ginkgolides showed 

teratogenic effects during mammalian embryonic development.[119] Ginkgolide A and B 

decreased the viability of mouse blastocysts by inducing apoptosis and caused 

developmental retardation in post-implantation mouse embryos in vitro, leading to 

embryonic death. Following a 24-hour treatment, ginkgolide B at concentrations of 1–6 μ.M 

reduced the rate of oocytes maturation, in vitro fertilization, cleavage to 2-cell stage embryo, 

and blastocyst development, in a dose-dependent manner.[97] Ginkgolides have structures 

similar to the convulsant picrotoxin, a classic γ-aminobutyric acid A (GABAA) receptor 

antagonist.[120] An amino acid alignment of insect and human GABAA receptor subunits 

shows that the 2’ residue differs between subunits: GABA-activated RDL (resistant to 

dieldrin) subunits have an Ala, while human GABAA receptor α subunits have Val. The 

single amino acid substitution of Val for Ala at the 2’ position into the RDL receptor pore 

caused dramatic decreases of ginkgolide cytotoxic potency (up to 10,000-fold), indicating 

the importance of this position in determining the toxicity of ginkgo extracts.

Biflavonoids and organic acids are the two minor classes of components in ginkgo leaf 

extracts. Ginkgetin (a biflavonoid) caused morphological changes in different human cells 

and their nuclei, and increased intracellular levels of hydrogen peroxide within 30 min.[121] 

The EC50 of ginkgetin (half maximal effective concentration) in ovarian adenocarcinoma 

(OVCAR-3) cells, cervical carcinoma (HeLa) cells, and foreskin fibroblasts (FS-5) was 3.0, 

5.2, and 8.3 μ.g/ml, respectively.

Ginkgolic acids are alkylphenols found in the fruits and leaves of Ginkgo biloba. The 

cytotoxicity of two ginkgo extracts containing less than 3 ppm ginkgolic acids, one crude 
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ginkgo extract having 2.2% ginkgolic acids, and two alkylphenol-containing fractions with a 

concentration of 26.6% or 58% ginkgolic acids was tested in human and animal cell lines 

using the neutral red assay.[122] A close correlation was observed between the concentration 

of ginkgolic acids and the cytotoxicity of the extracts—the extract containing the lowest 

concentration of ginkgolic acids displayed the highest IC50 (half maximal inhibition 

concentration) values in treated cells, indicating a low toxic potential. The IC50 values of the 

extracts showed 22–63-fold differences between the extracts with the lowest and highest 

ginkgolic acid content. Thus, ginkgolic acids have been recognized as potential hazardous 

compounds. Based on safety concerns, a maximal concentration of ≤5 ppm of ginkgolic 

acids was specified by the Monograph of the Commission E of the former German Federal 

Health Agency (Table 1).[123]

Three major ginkgolic acids with different alkyl or alkenyl groups (13:0, 15:1, and 17:1) 

were cytotoxic at concentrations ≥ 50 μ.M in male Chinese hamster lung fibroblasts (V79 

cells) as measured by the resazurin reduction assay.[124] In the human keratinocyte cell line 

HaCaT and the rhesus monkey kidney tubular epithelial cell line LLC-MK2, the IC50 values 

of ginkgolic acids were significantly lower than those of EGb761, 21.8 vs. 889 mg/l in 

HaCaT, and 4.6 vs. 1481 mg/l in LLC-MK2, measured by a neutral red uptake assay, 

indicating a higher cytotoxicity.[125] In addition, ginkgolic acids at concentrations of 1–100 

mg/l induced a dose-dependent release of LDH in LLC-MK2 and increased the proportion 

of apoptotic cells in HaCaT cells. Morphological evaluations by electron microscopy 

revealed that ginkgolic acids induced formation of myelinosomes in the cytoplasma of 

HaCaT cells, while transformation of mitochondria resulting from uncoupled oxidative 

phosphorylation was observed in LLC-MK2 cells. Ginkgolic acids also induced DNA strand 

breaks in primary rat hepatocytes[126] and showed neurotoxic effects manifested by inducing 

concentration-dependent death in primary cultures of neurons from chick embryo 

telencephalons, in the presence or absence of serum.[127] Features of apoptosis, such as 

chromatin condensation and shrinkage of the nucleus, were observed in chick neurons 

treated with 250 μ.M ginkgolic acids for 24 hours. A follow-up mechanistic study showed 

that protein phosphatase 2Cα was highly activated, which may contribute to ginkgolic acid-

induced neuronal death. The embryotoxic effects of ginkgolic acid were confirmed by 

comparing the LD50 values in fresh fertile Leghorn eggs of three Ginkgo extract fractions 

containing different percentages of ginkgolic acids.[123] Eliminating ginkgolic acids during 

the manufacturing process significantly reduced the toxic potential of the extracts.

Concluding remarks

Traditional and complementary medicine (T&CM) is widely used around the world and in 

many cultures; medicinal botanicals have long history as a major component of T&CM. 

Currently, there is an increasing global interest in the use of botanicals or derivative products 

because people believe that their sources are found in nature and such products as “natural” 

maybe beneficial to health.[7,128] Despite this common belief, many botanical dietary 

supplements have been reported to have potential health risks. In addition, a great number of 

supplement-related adverse events remain unreported.[129] In the United States, botanical 

supplement sales have continually increased from 2003 to 2014, and products containing 
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ginkgo were among the 20 top-selling botanical supplements in the US mainstream outlets 

(e.g., supermarkets, drugstores, and mass-market retailers) and natural outlets (e.g., co-ops 

and natural product retail stores) as surveyed in 2014.[130]

It is clear that there are a number of difficulties faced by the national and international 

agencies regarding the regulatory issues related to botanical dietary supplement products, 

such as lack of research data and lack of appropriate mechanisms to control herbal products 

and to monitor the safety of these products.[131] Currently, there are several important 

safety-related challenges that need to be addressed. Botanical dietary supplements are 

usually a mixture of chemicals, and it is not known which components are responsible for 

the pharmacological or toxicological effects. The complex chemical nature of dietary 

supplements makes it difficult to evaluate their efficacy and safety.[132,133] Ginkgo products 

contain more than 70 components.[26] The NTP animal studies indicated that ginkgo extract 

induced liver tumors and also targeted thyroid and nose.[19,87] Human clinical studies also 

showed that cancer incidences for breast and colon were significantly increased.[44] The 

components of ginkgo extract that may be responsible for ginkgo’s toxicity, genotoxicity, 

and carcinogenicity have not been definitively identified; therefore, more studies on the 

mechanism of toxicity and genotoxicity of ginkgo extract are needed.

Another challenge is a high frequency of adulteration due to popularity and market value of 

ginkgo. Recently, an analysis of 65 commercial ginkgo extracts from Asia, Europe, and 

North America, reported ginkgo extract adulteration in the global market, and growing 

evidence has showed substandard and adulterated ginkgo extracts in the international supply 

chain.[134] With well-developed analytic methods, adulterated and authentic supplements 

can be easily distinguished. When 18 commercially available ginkgo products were 

analyzed, three of these commercial products were adulterated with rutin, four with 

quercetin, and one with an unidentified flavonoid.[135] In another study, 42 commercial 

ginkgo samples were analyzed and only three of them were determined to be authentic while 

evidence of adulteration was found in the other samples.[136] Three leading nonprofit 

organizations in the United States have recently initiated a large-scale program—the 

Botanical Adulterants Program, and a botanical adulterants bulletin on ginkgo extract 

adulteration is under development.[134]

Botanical dietary supplements are often used in combination with some therapeutic drugs 

and this raises concern about the potential toxicity resulting from herb-drug interactions.[137] 

According to the majority of systematic reviews, there are minor or moderate interactions 

between herbal medicinal products and synthetic drugs; however, some herbal medicinal 

products can result in severe health threats, even death.[138] Ginkgo may interact with 

aspirin, warfarin, trazodone, omeprazole, antihypertensive agents, and antihyperglycaemics.
[139,140] Since herb-drug interactions are much more difficult to characterize, monitoring of 

potential adverse events when herbal botanicals are co-administered with drugs is very 

important.

In summary, current published data demonstrate both beneficial and adverse effects of 

Ginkgo biloba extracts and it is critical to consider which specific extract was applied. 
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Generally, research on toxicological effects of ginkgo is much less extensive compared to 

the research on pharmaceutical effects (Figure 1). From a toxicological perspective, this 

review updated available data on Ginkgo biloba-induced toxicity from in vitro and in vivo 

experimental studies and human case reports, with some negative results from relatively 

large clinical trials. More investigations regarding ginkgo’s safety and efficacy are 

warranted.
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Figure 1. 
Pharmacological and toxicological research on Ginkgo biloba based on PubMed online 

search. Open bars represent numbers of all research on ginkgo and black bars indicate the 

research related to toxicity (searches conducted on November 7 of 2016).
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Figure 2. 
The number per decade of patients with food poisoning from Ginkgo biloba seeds in Japan. 

Closed bars and open bars represent number of deaths and survivals, respectively.
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Table 1.

Chemical components in Ginkgo biloba leaf extracts.

Reference

Component class Survey

Flavonol
glycosides (%)

Terpene
lactones (%)

Ginkgolic acids
(ppm)

Commercial
samples Location

EGb761 (2003)[12] 24 6 <5

Health Canada (2009)[17] 22–27 5–7 n/a

USP (2011)[25] 22–27 5.4–12 n/a

Kressmann et al. (2002)[28] 24–36 4–11 <500~90,000 27 United States

Ding et al. (2006)[29] 28–35 6–11 n/a 5 United Kingdom

Gawron-Gzella et al. (2010)[30] 0.5–28 0.2–7 2–8053 11 Poland

Fransen et al. (2010)[31]
0.9–4.2 fold*

0.3–3.6 fold* n/a 29 Netherlands

Yin et al. (2004)[69] 23 6.8 n/a 1 China

*
Data presented as fold-changes when compared to the declared amount on the label.
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