0,

Journal of Multidisciplinary Sciences fraid

www.multidisciplines.com

Health benefits and future perspectives of Ginkgo biloba
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Abstract. The aim of the review is to discuss Ginkgo biloba and its health benefits with future perspectives. Despite the paucity
of scientific studies, G. biloba, commonly referred to as "Gingko," is a plant abundant in antioxidants that may mitigate
inflammation and enhance cardiovascular, cognitive, and ocular health. G. biloba presents possible health advantages such as
cognitive enhancement, decreased anxiety, and management of glaucoma. G. biloba is an old plant species that is good for your
health in many ways, including fighting bacteria, cancer, dementia, diabetes, obesity, high cholesterol, and protecting brain.
People with respiratory, cardiovascular, and neurological problems often use it. Nonetheless, its therapeutic potential is limited
by its capacity to act as free radical scavengers. More study is needed to make sure it is safe and works.
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1. Introduction

The medicinal properties, cognitive benefits, and asthma relief of Ginkgo biloba, an East Asian gymnosperm tree, were
initially utilized in Ancient China (Atef et al., 2025; Salam et al., 2025; Yang et al., 2025; Nordqvist, 2023; Shahrajabian et al.,
2022). Additionally, its nuts were employed for the prevention of bedwetting, sexual energy, bladder irritation alleviation, intestinal
worm treatment, and gonorrhea (Chillemi & Chillemi, 2011; Nordqvist, 2023).

G. biloba leaf derivatives, such as glycosides and ginkgolides, are becoming increasingly popular as food additives due to
their potential medicinal benefits. Ligin, which is copious and possesses exceptional antioxidant properties, is present in ginkgo
shells, which are manufactured as industrial byproducts (Tabassum et al., 2022). Ginkgo seeds have been employed to alleviate
symptoms such as coughs, sputum, fever, diarrhea, toothaches, skin diseases, gonorrhea, and overactive bladder (Isah, 2015).
G. biloba seeds have a hypocholesterolemic effect on lipid metabolism (Kushwaha et al., 2014).

G. biloba, a supplement with therapeutic properties for blood disorders, memory issues, cardiovascular function, and eye
health, is a widely used herbal medication (Nordqvist, 2023; Tabassum et al., 2022; Diamond et al., 2000). It safeguards against
oxidative cell injury by containing flavonoids and antioxidants (Singh et al., 2019; Li et al., 2022; Nordqvist, 2023). G. biloba,
available in capsules, tablets, and teas, is recommended for adults, taking 4-6 weeks for improvement (Shahverdian & Jafari,
2025; Nordqvist, 2023; Tabassum et al., 2022; Diamond, et al., 2000). Not recommended for children, pregnant women, epilepsy
patients, blood thinners, and diabetes patients (Trabert & Seifert, 2024; Dincel et al., 2023; Nordqvist, 2023).

Ginkgo medication should be administered with caution to prevent interactions with other medications, risks such as
internal hemorrhage, blood circulation disorders, serotonin syndrome, and exacerbation of monoamine oxidase inhibitor effects,
and to avoid poisonous ginkgo seeds (Nordqvist, 2023; Sahoo et al., 2018; Sultan et al., 2018). The fundamental aim of this
review is to discuss G. biloba and its health benefits with future perspectives.
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2. Health benefits

2.1. Anti-aging effects

Oxidative stress causes skin aging, leading to increased wrinkles, dryness, and dullness, characterized by collagen loss
and poor desquamation (Tabassum et al., 2022). Treating rats with EGb 761 stopped them from getting frostbite and may also
slow down the aging process (Aizawa et al., 2019). Total lactones of Ginkgo reduced lipid breakdown, nitric oxide (NO) levels,
and cell death in the brains of old mice (Nowak et al., 2021). EGb 716 stops inflammation, lowers oxidative stress, and makes
insulin intolerance better (Liu et al., 2020).

2.2. Anti-bacterial activity

Ginkgo extracts are excellent at killing different kinds of germs. This might be because they contain biflavonoids that are
antibacterial (Razna et al., 2021; Menezes & Diederich, 2021). The most studied biflavonoid, amentoflavone, effectively combats
a variety of bacteria, including Enterococcus faecium, Staphylococcus aureus, Streptococcus mutans, Escherichia coli O-157,
Escherichia coli, and Pseudomonas aeruginosa (Hwang et al., 2013). It might also be able to treat dangerous cyanobacterial
blooms, which are a problem for the environment around the world (Samec et al., 2022). Mentoflavone and ginkgetin can kill
Streptococcus suis, potentially leading to economic costs and public health issues (Shen et al., 2018).

2.3. Anti-depressant effects

Research has shown that G. biloba extract (GBE) can alleviate feelings of sadness and diminish signs of brain impairment
in elderly individuals (Dai et al., 2018; Liang et al., 2019). Nonetheless, additional research is required to comprehend its effects
on depression within the general populace. The gut microbiota, especially probiotics, can affect the onset and recovery of
depression (Tabassum et al., 2022). Polysaccharides, especially those from G. biloba, can help with depression by changing the
relationship between microbiota and the brain (Ganesan et al., 2018; Vaghef-Mehrabany et al., 2020). GBE can alleviate
depressive symptoms and diminish serum S100B levels, thereby reinstating neurological function in older people (Tabassum et
al., 2022). Diterpene ginkgolides (DGs) found in GBE protect neurons, which could make it easier to treat major depressive
disorders (Tabassum et al., 2022). Chronic DG therapy enhances depressive traits in mice with cardiac illness (Wang et al.,
2020).

2.4, Anti-diabetic effects

When taken by mouth, ginkgolide B can protect lipid cells from insulin resistance and inflammation caused by oxygen
deficiency. It does this by increasing the release of adiponectin, blocking insulin receptor substrate 1 receptors, lowering the
production of inflammatory adipokines, and lowering NF-kB/UNK activation (Wang et al., 2015; Priyanka et al., 2017; Tabassum
et al., 2022). It also enhances cholinergic vasorelaxation, phenylephrine vasoconstriction, and improves enzyme expression
(Wang et al., 2015).

2.5. Anti-fungal activity

Ginkgo biflavonoids are excellent at killing fungi. Alternaria alternata, Cladosporium oxysporum, and Fusarium culmorum
are the fungi that bilobetin kills the best (Krauze-Baranowskaa and Wiwart, 2003). Krauze-Baranowska and Wiwart (2003) also
reported that Ginkgetin and 7-O-methylamentoflavone show greater efficacy against Alternaria alternata. The bisflavonoids were
not able to kill Alternaria alternate and Cladosporium oxysporum because they did not have a methoxyl group (Samec et al.,
2022). Amentoflavone works well against Candida albicans by causing cell death and mitochondrial dysfunction (Hwang et al.,
2013).

2.6. Anti-hypertensive effects

Hypertension gets worse over time and can cause serious health problems like acute coronary attacks, chronic heart
failure, and stroke (Tabassum et al., 2022). G. biloba has anti-hypertensive effects in animal models, including hypotensive and
renoprotective effects in rats with impaired kidneys (Abdel-Zaher et al., 2017). This is due to increased eNOS expression and NO
production, which lowers blood pressure (Eisvand et al., 2020).
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2.7. Anti-inflammatory effect

Researchers have found that ginkgo extract reduces inflammation in both humans and animals, with ginkgetin
demonstrating greater inhibitory effects than isoginkgetin (Hill, 2024). Traditional Chinese medicine has used G. biloba flavonoids
to treat coughs, asthma, and lung disorders (Tabassum et al., 2022). The strongest compounds in GBEs, bilobetin and
isoginkgetin, have been found to be anti-inflammatory. They do this by increasing NO inhibition ratios and decreasing the levels
of TNF-q, IL-6, PGE2, and cyclooxygenase 2 mRNA. This suggests that new anti-inflammatory drugs might be possible (Li et al.,
2019).

2.8. Anti-lipidemic effect

Dyslipidemia, defined by elevated triglycerides, diminished HDL cholesterol, and heightened LDL cholesterol, is associated
with obesity and insulin resistance (Tabassum et al., 2022). In aortic tissue, G. biloba has been observed to reduce MDA levels
while elevating glutathione (GSH) levels (Huang et al., 2018). G. biloba therapy markedly decreases cholesterol, triglycerides,
and HDL-C levels in male rabbits while elevating HDL-C levels (Tabassum et al., 2022).

2.9. Anti-obesity effects

Administration of Ginkgolide B has been shown to aid in weight reduction, possibly via activating the insulin signaling
pathway (Tabassum et al., 2022). The Ginkgolide B components ginkgetin, isoginkgetin, bilobetin, and sciadopitysin have
moderate to strong inhibitory effects on pancreatic lipase (PL), perhaps positioning them as lead compounds for the development
of bioflavonoid-type PL inhibitors (Liu et al., 2018). Ginkgolide B and C have been investigated in a model of obesity induced by
a high-fat diet, revealing their impact on hepatic steatosis, lipid accumulation, and lipolysis (Luo et al., 2017).

2.10. Anti-platelet activity

Platelet-activating factor (PAF) is a signaling molecule that facilitates the immunological response to infection and neuronal
injury. It stimulates the PAF receptor (PAFR) to initiate inflammatory proteins. A type of ginkgolide called ginkgolide B lowers the
expression of CD40L and normal T cells by platelets activated by thrombin and collagen (Tabassum et al., 2022). Like
ginkgolides, bilobalide has health benefits, such as anti-inflammatory properties and lowering the inflammation and pain caused
by low oxygen levels (Huang et al., 2014).

2.11. Antioxidants

The health claims for ginkgo may come from its high flavonoid and terpenoid content, but its exact effects are still not clear
(Hill, 20224). Antioxidants, like ginkgo products, help keep you healthy by stopping diseases linked to oxidative stress (Martinez-
Solis et al., 2019; de Souza et al., 2020; Samec et al., 2022). Amentoflavone is a strong antioxidant that showed a lot of promise
in food models and in vitro experiments. It was excellent at getting rid of DPPH, ABTS, superoxide, and hydroxyl radicals (Samec
etal., 2022).

2.12. Anti-viral activity

Biflavonoids have been investigated for more than two decades as prospective anti-viral medicines, demonstrating
inhibitory effects against many viruses (Menezes & Diederich, 2021; Samec et al., 2022). Amentoflavone has garnered attention
during the coronavirus pandemic for its antiviral properties against SARS-CoV-2 (Singh, 2021; Hossain et al., 2021). Ginkgetin,
extracted from ginkgo leaves, exhibits antiviral effects by blocking sialidase, a crucial enzyme in the influenza virus's life cycle
(Samec et al., 2022). A combined in vitro and in silico investigation investigated the anti-SARS-CoV-2 effects of biflavonoids
including sciadopitysin, ginkgetin, isoginkgetin, amentoflavone, and bilobetin (Samec et al., 2022). The evaluated drugs had
significant anti-SARS-CoV-2 3CLpro activity, with sciadopitysin identified as the most effective inhibitor (Samec et al., 2022). The
mechanisms of inhibition have been validated via kinetic investigations and molecular docking simulations (Xiong et al., 2021).

2.13. Anxiety

Ginkgo leaf extract may alleviate anxiety symptoms in generalized anxiety disorder patients, but Xanax users should avoid
it due to potential drug effectiveness reduction (Nordqvist, 2023). Animal studies indicate that the antioxidant content of ginkgo
could potentially alleviate anxiety symptoms, although conclusive findings are still pending (Hill, 2024). Ginkgo leaf extract may
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improve mood and antidepressant activity, reduce corticosteroid synthesis, and prevent neuron degeneration and memory
enhancement in generalised anxiety disorder (GAD) patients. Medications such as GBE and G. biloba products treat GAD, a
common mental illness (Singh et al., 2017). Research has shown that GBE can enhance emotional function and stabilize mood
in cognitively impaired patients, while extract of G. biloba 761 (EGb 761) alleviates anxiety symptoms in individuals experiencing
mental deterioration (Woelk et al., 2007; Montes et al., 2015).

2.14. Asthma and COPD symptoms

Research indicates that ginkgo may alleviate symptoms of asthma and chronic obstructive pulmonary disease (COPD)
owing to its anti-inflammatory properties (Tao et al., 2019; Hill, 2024). Researchers found that using ginkgo extract along with
glucocorticosteroid medicine reduced the amount of inflammatory chemicals in saliva compared to using standard treatment
alone (Tang et al., 2007; Hill, 2024).

2.15. Blood circulation and heart health

Ginkgo seeds have long been used in traditional Chinese medicine to enhance energy channels in organ systems such as
the kidneys, liver, brain, and lungs. Heart disease patients experience a 12% rise in circulating nitric oxide (Hill, 2024).
Researchers have found that G. biloba and its isolated compound can benefit cardiovascular problems such as cardiotoxicity,
arrhythmia, and heart failure (Akaberi et al., 2023). However, a double-blind trial found it did not reduce total mortality or
cardiovascular disease-related death rates (Akaberi et al., 2023).

2.16. Cardiovascular disease

Wang et al. (2022) proposed that biflavonoids might contribute to the treatment of cerebrovascular iliness. Ginkgetin
greatly slowed down the production of lipids caused by oleic acid and lowered levels of total cholesterol and triglycerides. This
suggests that it may be a natural way to treat atherosclerosis (Samec et al., 2022). Dell'Agli et al. (2006) looked into how ginkgo
biflavonoids could lower cAMP phosphodiesterase activity and help blood vessels relax. Amentoflavone, the most extensively
researched biflavonoid from ginkgo, has demonstrated potential in safeguarding cardiovascular health (Samec et al., 2022).
Ginkgo leaf extract, which is high in catecholamines and antioxidants, can help prevent heart disease and improve blood flow,
especially before heart surgery, by lowering lipid peroxidation and tissue necrosis (Mahadevan & Park, 2008).

2.17. Endocrine system

The endocrine system primarily regulates blood sugar levels (insulin), governs the differentiation, growth, and functionality of
reproductive organs (testosterone and estradiiol), and facilitates body growth and energy metabolism (growth hormone and thyroid
hormone). It is possible that ginkgo polysaccharides, isolated chemicals, and extracts from G. biloba could help treat endocrine
disorders, especially type 2 diabetes mellitus, by increasing insulin production, protecting pancreatic B-cells, and acting as
antioxidants (Akaberi et al., 2023).

2.18. Gastrointestinal system

G. biloba formulations and substances have demonstrated efficacy in addressing gastrointestinal disorders such as colitis,
peptic ulcer, gastric ulcer, and inflammatory bowel disease (Akaberi et al., 2023). They possess hepatoprotective properties against
hepatotoxicity and damage.

2.19. Glaucoma

G. biloba extract is easy to get and has many biological effects that could make it a useful treatment for glaucoma. These
effects include improving both central and peripheral blood flow, reducing serum viscosity, relaxing vasospasm, acting as an
antioxidant, stopping platelet activating factor, preventing apoptosis, and reducing excitotoxicity (Ritch, 2000). People with glaucoma
and macular degeneration demonstrated improved eyesight after ingesting 120 mg of ginkgo daily for 8 weeks (Nordqvist, 2023).
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2.20. Headaches and migraine

Research on ginkgo's efficacy in treating headaches is scarce; nevertheless, its anti-inflammatory and antioxidant qualities
may be beneficial for stress-induced headaches or migraines resulting from diminished blood flow or constricted blood vessels (Hill,
2024). Nonetheless, excessive vasodilation may prove ineffective in alleviating migraine headaches (Hill, 2024).

2.21. Hepatoprotective effects

The antioxidant activity of G. biloba is thought to contribute to its hepatoprotective effects, which encompass the restoration of
SOD, GPX, and CAT activities, enhancement of glutathione levels, and diminution of lipid peroxidation and hydroperoxide
concentrations in the liver (Ganesan et al., 2018). G. biloba exhibits hepatoprotective properties against carbon tetrachloride-induced
hepatic oxidative damage and has demonstrated the ability to inhibit liver fibrosis in rats (Shenoy et al., 2001; Zhou et al., 2010).

2.22. Inmunity system and cancer

Various models have demonstrated the cytotoxic, anti-tumor, and anti-cancer properties of G. biloba extracts (Akaberi et al.,
2023). They can help many types of cancer by blocking the ERK/NF- kappa B signaling pathway and metastasis in stomach cancer,
encouraging cell death, and controlling GST-Pi expression in liver cancer (Akaberi et al., 2023). In vitro studies have shown that
ginkgo leaves can stop cell growth and fight cancer. This might be because they contain flavonoids (Ahmed et al., 2017; Silva et al.,
2019; Slika et al., 2022). The biflavonoids ginkgetin and amentoflavone from ginkgo have been studied the most. They stop the
growth of cancer cells by stopping the cell cycle, starting apoptosis, speeding up autophagy, and targeting signaling pathways that
aren't working properly (Adnan et al., 2020). Ginkgo leaf extract also has antioxidant, antiangiogenic, and gene expression effects,
improving cellular tolerance to oxidative stress and reducing angiogenesis (Sagar et al., 2006). G. biloba exocarp extracts (GBEE)
can treat hepatocellular carcinoma and Lewis lung cancer (Han et al., 2016).

2.23. Immunomodulatory effects

G. biloba polysaccharides (GBPS) are good immune modulators that can boost immune and anticancer responses
(Tabassum et al., 2022). GBPS-2 and GBPS-3 improve the activity of NO, TNF-q, IL-1, and IL-6 and make macrophages better at
phagocytosis (Ren et al., 2019). This makes them possible as immune-boosting supplements. A study found that eating G. biloba
(GB) can lower the harmful effects of diazinon and oxidative stress (Tabassum et al., 2022). However, eating a lot of GB may
weaken immune system (Tabassum et al., 2022). G. biloba exocarp polysaccharides (GBEP) affect both cellular and humoral
immunity. This suggests that they could be used as a medicine to stop diseases from happening and boost immunity when taken in
the right amounts (Parsad et al., 2003; Xu et al., 2008).

2.24. Metabolomics disease

People use ginkgo leaf extracts to treat metabolic disorders like hyperlipidemia, but the definition of their bioactive constituents
is still lacking (Liu et al., 2018). Liu et al. (2018) looked at how ginkgetin, bilobetin, and sciadopitysin can stop pancreatic lipase from
working. Pancreatic lipase is an important enzyme for controlling fat absorption.

2.25. Memory enhancement, dementia, and Alzheimer’s

Researchers have found that G. biloba extract, EGb 761, is clinically effective in treating Alzheimer's dementia and
improving cognitive function (Mix & Crews, 2002; Nordqvist, 2023; Hill, 2024). It promotes healthy blood circulation and protects
the brain from neuronal damage. While some studies show a reduction in cognitive decline in dementia patients, others fail to
replicate this (Hill, 2024). Researchers have found that ginkgo leaf extract can stop the production of amyloid beta peptide (AB),
the buildup of reactive oxygen species (ROS), and the death of neurons. These are all things that are known to contribute to
Alzheimer's disease (Yao et al. 2004). It also improves cerebral blood flow, life span, and memory complaints (Yang et al., 2005).
However, its effectiveness in humans remains uncertain.

2.26. Muscular and skeletal system

G. biloba extracts have antioxidant and anti-apoptotic effects, potentially mitigating osteoporosis. Research indicates that
G. biloba extract can elevate bcl-2 expression and diminish bax expression in osteoblasts while enhancing mineral content in
osteoporosis-induced rats (Akaberi et al., 2023). These chemicals may also mitigate osteoarthritis.
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2.27. Neuroprotective effects

G. biloba seeds have been shown to prevent neurodegenerative disorders by improving cerebral blood supply and blood
circulation (Wang & Zhang, 2019). Studies have shown that GBE can improve various ailments, such as Alzheimer's disease and
brain ischemia (Zuo et al., 2017). Ginkgo, a plant known for its biflavonoids, has potential for treating neurodegenerative
diseases (Barbalho et al., 2022). According to Kang et al. (2005), ginkgetin, amentoflavone, and ginkgetin protect neurons the
most against cytotoxic insults caused by oxidative stress and amyloid-B. Amentoflavone has therapeutic potential in treating
Alzheimer's, Parkinson's, depression, and aging (Varshney et al. 2021) but shows poor brain permeability in mice in vivo (Colovic
et al., 2008).

2.28. Premenstrual syndrome (PMS)
Ginkgo may help treat premenstrual syndrome symptoms, with a 23% reduction in symptoms (Hill, 2024). Further
research is needed to understand the cause-and-effect relationship.

2.29. Renal system

G. biloba extracts may help protect the kidneys in a number of different ways, including stopping the harmful effects of
carbon tetrachloride, stopping TiO2 from hurting renal cells, lowering inflammation, and increasing antioxidant activity (Akaberi et
al., 2023). These extracts are also good for diabetic nephropathy, improving renal ischemia-reperfusion injury, chronic kidney
disease, and hypertension-induced renal injury (Akaberi et al., 2023).

2.30. Respiratory system

According to Akaberi et al. (2023), G. biloba extracts, flavonoids, and ginkgolides may help people who have breathing
problems by stopping leukocyte elastase activity, reducing inflammation, stopping pulmonary fibrosis, and keeping the balance of
M1/M2 macrophages. EGb761 also prevents acute lung injury by decreasing NF-kB activation pathways (Akaberi et al., 2023).
Ginkgolide M and B can reduce inflammatory cell aggregation and improve lung damage (Wu et al., 2016). One protein, EGb
761, which is involved in problems with blood clotting, can lower swelling in the lungs and control the activity of leukocyte
elastase (Tao et al., 2019).

2.31. Sexual dysfunction

By boosting blood circulation to the affected areas, the herb ginkgo, known for raising blood nitric oxide levels, may help
reduce the symptoms of sexual dysfunction (Mashhadi et al., 2021). Research indicates that ginkgo may be less effective than
antidepressant medicines or SSRIs. Ginkgo and treatment were successful in enhancing sexual desire and satisfaction but not in
addressing sexual dysfunction (Meston et al., 2008).

2.32. Tinnitus, geriatric, and psychiatric disorders

Ginkgo leaf extract has been proposed as a potential remedy for tinnitus (Rejali et al., 2004), a prevalent auditory condition
(Drew & Davies, 2001), and has demonstrated efficacy against senile macular degeneration (Diamond et al., 2000), vertigo
(Issing et al., 2005), and schizophrenia (Atmaca et al., 2005), with clinical trials indicating beneficial effects on antioxidant
enzyme levels.

2.33. Vision and eye health

There is little research on how ginkgo affects vision and eye health. While ginkgo supplements may increase blood flow to
the eyes, they do not necessarily improve vision (Kang and Lin, 2018; Hill, 2024). More research is needed to determine if ginkgo
can improve vision capacity or slow the progression of degenerative eye disease (Evans, 1996; Hill, 2024).

4. Conclusion and Future Perspectives

Research on the plant G. biloba has shown promising results in treating numerous symptoms and disorders. Nonetheless,
potential drug interactions and adverse effects are under investigation in clinical trials. The utilization of varied procedures and
research techniques complicates the assessment of efficacy and inter-study comparisons. Subsequent research should establish
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more sensitive and systematic outcome measures, validate interrater and intrarater reliability, and corroborate patient
descriptions and diagnoses. Some of the ways that G. biloba might be used as a medicine are to protect DNA from oxidative
damage, stop mitochondrial reactive oxygen species and apoptosis, and control the membrane potential of mitochondria.
Comprehending these characteristics enables clinicians and researchers to make informed decisions that enhance patient
experiences, safety, and analysis.
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