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Abstract

One of the earliest known medicinal plants, Ginkgo biloba, has attracted a lot of interest due to its
pharmacological and therapeutic potential in a variety of medical applications. The bioactive elements
of G. biloba, such as terpenoids, flavonoids, and ginkgolides, are examined in this review along with
their various medicinal applications i.e., for neuroprotection, anti-inflammatory, antimicrobial,
antioxidant, and anticancer properties. G. biloba has been shown in studies to improve memory, lessen
neurodegenerative effects, suppress inflammation, fight bacterial resistance, and possibly impede the
spread of cancer. Additionally, G. biloba has a generally good safety record; though care should be
taken to avoid any negative side effects or drug interactions. The potential of G. biloba in
complementary and alternative medicine is highlighted by the recent developments in nanotechnology,
which have improved the bioavailability and effectiveness of its extracts.

Keywords: Ginkgo biloba, Polyprenols, Terpenoids, Flavonoids

Abbreviations:

multidrug-resistant Staphylococcus aureus (MRSA)
Ginkgo biloba extract (GBE)

reactive oxygen species (ROS)
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4’-O-methylpyridoxine (MPN)

1. Introduction

It is possible to obtain a number of biologically active organic compounds from medicinal plants. Since
time immemorial, there has been a substantial reliance on the curative properties of various plants.
Systematic study of these plants yields a broad spectrum of bioactive compounds for the formulation
of new medicinal products. Lately, pharmacological studies of a number of plants, used in traditional
medicine of various countries have attracted much interest. In the recent past, a great number of
traditionally known plants have been studied in detail through scientific approaches and their
anticancer, anti-inflammatory, anthelmintic, antibacterial, antifungal, hepatoprotective, antioxidant
and larvicidal activities have been established; to name only a few (1).
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Taxonomy (1):

Kingdom Plantae
Subkingdom Viridiplantae
Infrakingdom Streptophyta
Superdivision Embryophyta
Division Tracheophyta
Subdivision Spermatophytina
Class Ginkgoopsida
Subclass Ginkgoopsida
Order Ginkgoales
Family Ginkgoaceae
Genus Ginkgo
Species biloba

Ginkgo biloba is also seen as a “living fossil,” one of the oldest seed plants surviving today. This giant
tree stands 40-meter tall and shows a life span exceeding one thousand years (2). The word "biloba"
comes from the shape of its leaves which has two lobes while "ginkgo" was taken from the Japanese
language. The ginkgo tree flourished throughout the Mesozoic era and especially reached the greatest
heights in the Jurassic and Cretaceous periods (3). Ginkgo biloba is a traditional herbal medicine used
in China and other countries for more than 2000 years and it is now being cultivated in Europe, Asia,
Argentina, North America and New Zealand (4). G. biloba was the earliest plant to grow after the atomic
bomb was dropped in Hiroshima, Japan, in 1946. The survival of species is influenced by insects,
microorganisms, chemical pollution, and environmental conditions (5). Many diseases, like asthma, TB,
skin problems, stomach pain, bronchitis, hearing issues, anxiety, hardening of the arteries, blood clots,
heart disease, and diabetes, have been treated with it (4).

2. Active ingredients and their significance

The leaves of G. biloba have terpenoids and flavonoids, which are important chemical parts. G. biloba
includes many other active substances like organic acids, polyprenols, and bioflavonoids. Bilobalide
and ginkgolides are two more components of G. biloba that are known for their medical uses. There are
five kinds of ginkgolides A, B, C, J, and M each with unique features. G. biloba has flavonoids as
glycoside forms, such as isorhamnetin, kaempferol, and quercetin. A standardized leaf extract of G.
biloba, called EGb 761, has 10% organic acids, 6% terpenoids, 5%-24% flavonoid glycosides, and other
active substances that are known to offer various health benefits (4).

Table 1. Major bioactive components of Ginkgo biloba (4)

Major chemical

Class Plant parts X Bioactivity
constituents
Antibacterial properties and
Polyprenols Leaf Di-trans-poly-cis- safety against the attack by

octadecaprenol AB25-35
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Antioxidation,anticancer,
antibacterial, antiviral, anti-
inflammatory, and

Quercetin,kaempferol,
isorhamnetin, rutin,

Flavonoids Leaf luteolin, delphidenon, ;
myricetin neuroprotective
y effects
Benzoic acid derivatives Inhibitory effects on
Organic acids Leaf (glnkg.ol.lc ac@), N- xathme oxidase ().(OD) and
containing acids antitumor properties

Sciadopitysin,ginkgetin, Anti-adipogenesis and anti-

isoginkgetin, obesity properties and
Biflavonoids Leaf amentoflavone, bilobetin, | significant inhibitory effects
5’-methoxybilobetin on thrombin activity
Root Triterpenes: sterols

Protective effects to
cerebral hippocampal

Sesquiterpene: neurons from epilepsy,
[alifootibaiK bilobalide antioxidant,anti-
inflammatory, antiplatelet,
Terpenoids ant!llpldem|.c and
antiapoptotic
Leaf/root/bark I_D|terp_enes. propertles,enhancgd
ginkgolides M memory and learning
abilities, and reduced
neuronal damage
Diterpenes:
Leaf; k . .
CEV TR EE T ginkgolides A, B, C, and J
Waxes,steroids, 2-hexenal, | Antioxidant,anti-
cardanols, sugars, inflammatory, antidiabetic,
catechins, antiapoptotic, antiradiation,
Others Leaf proanthocyanidins,pheno | antiviral,antitumor,
ls, aliphatic acids, hepatoprotective, & anti-
rhamnose atherosclerotic

3. Pharmacological actions

3.1. Neuroprotective activity

Most studies on the ginkgo plant's impact on the nervous system mainly used ginkgo leaf extracts
and, less often, tablets. These forms helped make blood flow better in the brain's vessels, lower the
amount of nerve cells that can get harmed or die, and lessen inflammation in the nervous system.
The interventions enhanced memory function, specifically cognitive memory, which is vital for
mitigating and diminishing neurodegenerative alterations, especially in Parkinson's and Alzheimer's
diseases. Furthermore, these formulations are expected to augment the efficacy of donepezil, a
medication traditionally utilized for the treatment of dementia symptoms associated with
neurodegenerative conditions (6).

3.2. Anti-inflammatory activity

Laboratory-prepared extracts and their commercial formulations, which incorporated specific
constituents such as bilobalide, amentoflavone, ginkgolides (A or B), and water-soluble
polysaccharides, were evaluated for their anti-inflammatory efficacy. Each study demonstrated a
significant reduction in inflammation. Notably, the most frequently observed decreases in nitric
oxide, interferon, prostaglandin E2, TNF-a, IL-1, IL-4, IL-6, IL-12, and IL-1B8 were recorded in
inflammatory tissues (6).
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3.3. Anti-microbial activity

It has been observed that ginkgolic acid and Ginkgo biloba extract effectively inhibit the formation of
bacterial biofilms by Escherichia coli 0157:H7 and Staphylococcus aureus. Furthermore, our findings
indicate that Ginkgo biloba exocarp extract can prevent biofilm formation by multidrug-resistant
Staphylococcus aureus (MRSA) through alterations in the expression of genes associated with
biofiilm development. One notable coagulase-negative staphylococcus, Staphylococcus
haemolyticus, is particularly concerning as it tends to infect immunocompromised individuals and is
implicated in sepsis, pneumonia, peritonitis, otitis media, and urinary tract infections. The
prevalence of resistant strains has increased significantly due to the overuse of antibiotics. The
formation of biofilms is a principal mechanism contributing to antibiotic resistance. However, it is
important to note that commonly used antibacterial medications in clinical settings are insufficient
to prevent the development of S. haemolyticus biofilms (7).

3.4. Anti-oxidant activity

Oxidative stress imbalance plays a crucial role in the pathogenesis of Alzheimer's disease (AD).
Ginkgo biloba extract (GBE) has demonstrated beneficial effects attributed to its ability to scavenge
free radicals. Research indicates that GBE can mitigate oxidative damage in cerebellar granule cells
and decrease levels of hydrogen peroxide-related reactive oxygen species (ROS) in AD models.
Additionally, GBE has been shown to upregulate the expression of antioxidant enzymes and proteins,
including superoxide dismutase (SOD) and catalase, in the rat hippocampus and ileum. Furthermore,
GBE enhances the activities of glutathione (GSH) reductase and gamma-glutamylcysteinyl
synthetase. The primary active compounds responsible for the antioxidant effects of GBE extract are
flavonoids, which exhibit properties such as ROS scavenging, elevation of antioxidant proteins, and
chelation of prooxidant transitional metal ions. Specifically, flavonoid structures like quercetin and
myricetin effectively inhibit the oxidation of tert-butylhydroperoxide. The antioxidant activity of
terpene lactones has yet to be thoroughly investigated, likely owing to variations in the types of
oxidative stress and the experimental models employed. Additionally, there exists conflicting
evidence regarding the superoxide-scavenging capabilities of ginkgolides B, C, J, and bilobalide (8).

3.5. Anti-tumor activity

China has utilized Ginkgo biloba, a dioecious species, for cancer treatment for millennia. The seeds
consist of the mesosperm, membrane endopleura, and kernel, all enveloped by a fleshy outer layer
known as exocarp. Among seed plants, the leaves are characterized by their distinct fan shape,
commonly referred to as ginkgo folium. Research has demonstrated the anticancer properties of
extracts derived from the seeds, exocarps, kernel, and flowers of G. biloba (9).

3.6. Anti-cancer effect of G. biloba seeds

Ginkgo biloba seeds, utilized in traditional Chinese medicine, possess an embryo and nutrient reserves.
Studies indicate that they can suppress the proliferation of breast cancer cells by inhibiting the
expression of CYP 1B1 (10). Additionally, polysaccharides derived from these seeds have been shown to
induce apoptosis in hepatoma cells (9).

3.6.1. Anti-cancer effect of G. biloba exocarp extract

The exocarp, or outermost layer of seeds, from Ginkgo biloba has been recognized for its anticancer
effects. Extracts of the exocarp have been found to enhance the Bax/Bcl-2 ratio, induce apoptosis in
Lewis lung carcinoma cells, and impede angiogenesis and metastasis. Additionally, polysaccharides
derived from the exocarp have shown therapeutic advantages for cancer patients, including tumor
reduction and increased production of ROS. Furthermore, ginkgolic acid (GA), isolated from the
exocarp, has been shown to inhibit the invasion, migration, and proliferation of pancreatic cancer cells.
Nonetheless, further research is necessary to substantiate the anti-tumor efficacy of GA on healthy
cells and to explore its potential application in cancer treatment (9).

3.6.2. Anti-cancer effect of G. biloba folium extract
Ginkgo folium has undergone extensive research concerning its anticancer properties, demonstrating
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tumor inhibition in the S180 mouse sarcoma model (11). It facilitates caspase-dependent apoptosis
across multiple cancer types, such as cervical, colorectal, gastric, and melanoma (9). Despite the
occurrence of apoptosis, Ginkgo folium has the capability to impede the cell cycle and suppress the
migration and invasion of cancer cells (12). It may also be combined with herbal formulations to
demonstrate synergistic effects, such as sensitizing cisplatin-resistant lung cancer cells through the
WT1/MVP-mediated stabilization of the mTOR/AKT pathway. Clinical investigations involving EGb761
could elucidate the potential of Ginkgo folium as an adjuvant therapy in cancer treatment (13).

4. Adverse effects

The general conclusion is that Ginkgo biloba is safe and well tolerated. Ginkgo extract is recommended
to be consumed in the amount of 240 mg a day. Milder adverse effects include headaches, palpitations,
upset stomach, diarrhoea, and allergic reactions to the skin. However, several case series noted that
the ingestion of ginkgo in the long-term was associated with episodes of bleeding, including cerebral
bleeding of a severe nature (14).

5. Toxicity

Ginkgo seeds have been shown to contain cyanogenic glycosides which may be poisonous in nature.
Ginkgo seeds have potential toxic effects either upon exposure or when consumed. It may cause
potentially serious hypersensitive skin reactions such as acute generalized exanthematous pustulosis
(AGEP) and convulsive seizures (14).

Cases of food poisoning due to ginkgo seeds have been established. The most important and primary
set of symptoms include all those associated with both tonic and/or clonic seizures; the second being
loss of consciousness and vomiting. Ginkgo seed poisoning occurs mainly due to the non-protein
neurotoxic agent 4'-O-methylpyridoxine (MPN) which is also referred to as ginkgotoxin and the MPN
glucoside that is found in ginkgo seeds. MPN is a type of chemical compound that is found in the
vitamin B6 structure and prevents its production, utilization, as well as its activity. The enzymatic
activation of vitamin B6 by pyridoxal kinase is also inhibited by MPN. The best way of treating patients
who undergo ginkgo seed food poisoning is by vitamin B6. MPN can also be found in ginkgo biloba
leaves and in the pulp of ginkgo biloba fruit; however, ginkgo biloba leaves do contain a trace amount of
MPN that is not likely to be harmful. Ginkgo absorbent has been shown to enhance the 5-
hydroxyomeprazole renal clearance by the CYP2C19 genotype and lessen the hydroxylation effects of
omeprazole on the renal portion, thus, there is a high possibility that ginkgo absorbent minimizes the
efficacy of drugs containing cytochrome omeprazole 2C19. Ginkgo may cause interactions with these
medicines: aspirin, warfarin, trazodone, omeprazole, antihypertensive medications, and
antihyperglycemic agents (15). Because of its monoamine oxidase inhibitor-like characteristics, ginkgo
can cause serotonin syndrome in patients taking other antidepressants (14).

6. Contraindications

Use of ginkgo should be taken with care by epileptic clients as well as those clients who have
tendencies of developing convulsions because ginkgo toxin has been identified to reduce the threshold
for seizures. Carrier fleeting toxin is found mainly in seeds but is also present in the ginkgo leaves.
Ginkgo should not be used in patients with bleeding disorders or in patient taking NSAIDs, antiplatelet,
or anticoagulant therapy. One case reported accidental ingestion of aspirin and ginkgo by an elder
person from which he had a tendency to develop spontaneous bleeding in the anterior chamber of the
eye iris (14).

7. Advancements and nanotechnology

A significant amount of study has been carried out to prepare metallic nanoparticles employing plant
extracts. G. biloba is employed as a green reductant for formation of nanoplatelets and anisotropic
gold nanospheres. Ginkgo-lactones exhibit low-fat solubility which causes low absorption in the body
and an idea to combine nanotechnology to advance the bioavailability and bioabsorption. The
antiplatelet aggregation and solubility of ginkgodides including ginkgol including ginkgolide was
evaluated and found to be enhanced by ginkgo lactone nanosuspensions (GL-NSs). It has also been
postulated that EGb-AgNP has assorted bacteriocidal/fungal and larvicidal properties against the
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pathogens such as Salmonella paratyphi, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus and so on (16).

8. Conclusion

The ancient medicinal plant Ginkgo biloba is recognized for its extensive therapeutic potential, which
includes anti-inflammatory, neuroprotective, antimicrobial, antioxidant, and anticancer qualities.
Bioactive components called terpenoids, flavonoids, and ginkgolides are found in the plant's leaves,
seeds, and other parts. These components have demonstrated exceptional effectiveness in both
conventional and alternative medicine. Although the plant is generally safe when taken in accordance
with recommended dosages, possible side effects, and interactions—particularly with other
medications—must be carefully considered. Although more study is required to maximize its efficacy
and safety profiles, G. biloba's potential to prevent neurodegenerative diseases and aid cancer
treatments is especially encouraging.

Furthermore, new approaches to improving the bioavailability of ginkgo compounds have been made
possible by recent developments in nanotechnology, indicating that the combination of G. biloba
extracts and nanomaterials may greatly increase the therapeutic uses of these plants. As studies go on,
G. biloba's adaptable bioactivities and inventive potential demonstrate its ongoing significance in
creating complementary and alternative treatments for a variety of medical conditions.
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