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Abstract: This review focuses on various phytochemical activities of Ginkgo biloba. Human intelligence and self-expression are thought to be enhanced by it. It is utilized for culinary and cultural purposes, as well as in the Indian traditional medicinal system in a variety of Ayurvedic formulations. Anti-spasmodic, anti-protective, anti-hepatotoxic, and antioxidant properties are all present in Ginkgo biloba. Despite the high medicinal promise of this plant, few recent reviews have addressed its pharmacology and other relevant issues. Therefore, the purpose of this review is to compile and analyze the corpus of research on the pharmacological, ethnobotanical, and phytochemical aspects of G. biloba.
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Introduction 
“The Ginkgoaceae family, which includes Ginkgo biloba L. as the only living member, is a family of "living fossils" with Mesozoic origins” (Taylor, 1993). “It is increasingly common to locate G. biloba in many nations across the world, but in the past, it was believed to grow natively exclusively in a specific area of Southeast Asia. In 1690, botanist Engelbert Kaempfer brought the ginkgo tree to Europe, and because of the distinctive shape of its leaves, he named it the duck foot tree" (Bilia, 2002). “Because of the size and color of the fruit, the tree was given the name "ginkgo," which is taken from the Chinese word for silver apricot” (Mahadevan, 2008). “Silver apricot, yajiao (duck foot), gong sun shu (grandfather tree), maidenhair tree, temple tree, noyer du Japon, kew tree, and ginkgobaum are some more common names for G. biloba” (Hori, 1997). “For thousands of years, traditional Chinese medicine (TCM) has utilized the leaves and nuts of this tree to treat a range of conditions affecting the heart, lungs, and brain. Gingko extract is mainly used in modern medicine to treat cardiovascular issues and improve cognitive function, but the standardized extract (EGb 761) has also shown promise as a cancer preventive. The synergistic tendencies of the chemicals in G. biloba make it difficult to link the plant's therapeutic effects to a particular chemical or route, as is the case with all plant-based medicines. It has been demonstrated that ginkgo leaves contain flavonoid glycosides, biflavones, and terpene lactones that interact with a range of receptors and pathways” (Spinella, 2001). “These substances give it a great deal of resilience against diseases and insect invasions, which has allowed it to proliferate in gardens and towns and become quite well-liked in international markets due to its alleged ability to enhance cognition. For its memory-boosting properties, it is also a top-selling herbal product every year worldwide” (van Dongen, 2000). 
Botanical Description
Approximately 180 million years ago, the Ginkgoaceae family extended to nearly every continent, from sub-polar regions like Canada to the tropics. Ginkgo biloba, though, the last remaining species, is now thought to only grow in the wild in the Zhejiang Province in China, specifically on the Tian Mu Mountain (Shen, 2005).  However, mystery still shrouds the origins of this population, and there is debate over whether the trees are truly wild or are merely semi-wild descendants of trees cultivated in Buddhist temples (Del Tredici, 1992). Due to their excellent resilience to disease, insects, and air pollution, ginkgo trees have been able to adapt to a variety of settings worldwide in recent decades, although they still thrive in cold, humid temperatures and deep soil that retains water well (Andrews, 1947). Due to their dioecious nature, ginkgo trees can only produce either all male or all female blooms. The trees themselves have a lifespan of thousands of years and can reach heights of about 100 feet (30 meters). They can continue to be fruitful for the whole of their lives, but they may not begin to produce seeds for up to 25 years (Taylor, 1993). 
“Flowers emerge in tiny clusters known as catkins from stubby appendages on the branches known as short roots. The plum-sized fruit ripens to a golden hue throughout the fall, enveloping the seed in a woody shell and a plump outer layer. The pollen's motile, multiflagellated sperm are responsible for fertilization” (Dallimore, 1948). “The fruit contains butyric acid, which causes it to smell strongly of rancid butter as it falls and cracks apart in the fall, even though it contains an edible nut” (Andrews, 1947). “The leaves of Ginkgo biloba are flat and fan-shaped, with two lobes separated by a cleft of varying sizes—a characteristic that gives the tree its name—and they sprout in clusters of four to eight from the short roots. The leaves are light green in the spring and turn dark green to golden in late autumn. Male trees, which do not bear fruit, are more common in ornamental areas such as cities and gardens in order to avoid the odoriferous fruit. Ginkgo leaves differ from those of other shade trees in that their veins are branching, forming a venous pattern that extends from the stem and branches continually to fill the leaf, as opposed to having a mesh-like structure” (Andrews, 1947). 
[image: 30,800+ Ginkgo Biloba Stock Photos, Pictures & Royalty-Free ...]    [image: 40,500+ Ginkgo Biloba Stock Photos, Pictures & Royalty-Free ...]
A. Plant of G. biloba 				B. Twing of G. biloba
Traditional Uses 
Ethnomedicinal uses 
Ginkgo biloba has been used for several purposes in traditional Chinese medicine (TCM) for a long time. The seeds or nuts, which were extracted from the outer fruit, were used to cure leukorrhea, renal problems, bladder irritation, and several pulmonary conditions, such as bronchitis, asthma, cough, and enuresis. For thousands of years, the seeds have been widely employed in TCM. The leaves of G. biloba, on the other hand, were used sparingly in the past. But in a book written by Lan Mao and published in 1436 C.E., they were noted to have therapeutic benefits for treating skin conditions, including head sores. The first documented internal use of ginkgo leaves was for the treatment of diarrhea, as reported by C.E. Liu Wan-Tai in 1505. (Bilia, 2002).  In many cultures, including in Asia, North America, South America, Europe, and Australia, it has been used for therapeutic purposes. “There are notable records on the traditional uses of the ginkgo plant in Asian nations, particularly China. Both the leaves and the seeds (nuts) of this tree have been used for ages in Traditional Chinese Medicine to cure a variety of ailments” (Hort et al., 2023). “While the leaves have been widely recommended to treat skin infections, heart and lung dysfunctions, and pulmonary diseases like bronchitis and asthma, their nuts have been utilized to treat these conditions as well as bladder irritation and alcohol misuse” (Silva, 2022; Kuraishy et al., 2022).  TCM has long employed its raw nuts, stripped of their mushy pulp, to treat renal and bladder problems as well as lung-related conditions (Wang 2011). Furthermore, in China, cough and lung issues have been treated with decoctions of its fruit and leaves (Hong, 2015). Its seed is used in Korea to cure conditions like hypertension, the common cold, and asthma (Song 2011).
“G. biloba leaf extract is frequently used in Indian traditional medicine to treat memory issues, such as Alzheimer's disease” (Mehla 2020). “Its leaves, commonly referred to as jinko, are used extensively in Iran to alleviate tinnitus and earaches” (Mahmoudian 2017). “It is one of the top 20 plants that traditional practitioners in Canada prescribe for blood/circulatory issues and memory enhancement” (Barbalho 2022). This plant's leaves have been used to treat labyrinthitis in Brazil (Zhou 2003).
In addition, the herb is well-known in European Traditional Medicine. The leaves of this plant are used to treat atherosclerotic disorders that cause peripheral vascular and cerebrovascular insufficiency in France and Germany (Belwal 2019). According to Wang (2011), its leaves and fruits have been used in Greece to treat headaches, depression, arteriosclerosis, coronavirus, and ear problems. Its leaves have been decocted and used as a memory enhancer in Turkey (Biernacka 2023). It is thought that infusing its leaves might effectively cure hypertension in Edo State, Nigeria (Silva, 2022). The Australian herbal retail sector also uses G. biloba extensively to treat dementia and Alzheimer's illness (Kuraishy et al., 2022).
Uses in cuisine The seeds, also known as pak-ko (white fruit), are a common snack and a delicacy in many East Asian nations, such as China, Korea, and Japan. They can be roasted and consumed as an appetizer or made into sweet desserts, such as Cheng Tengm (Porterfield, 1951; Goh, 2002).
[bookmark: _GoBack]Harvesting the plum-sized fruits from the tree and letting them ferment in water for a few days is the first step in the seed extraction process. (This process results in a very disagreeable smell.) Since the fruit alone tastes bitter if consumed, it is usually fermented or cooked (Mahadevan, 2008). The fruit's edible seed can be readily separated from its flesh once it has been soaked in water. Since raw seeds are poisonous and frequently cause severe food poisoning, they must be roasted or heated (Bilia, 2002). Ginkgo nuts are a key component of traditional Chinese dishes such as nabe-ryori and chawan-mushi, a custard-like dish (Bilia, 2002). 
Cultural uses:
The yin and yang balances are part of Taoist ideas, which are frequently symbolized by particular plants and animals. Ginkgo is used to illustrate this idea; one temple serves a delicacy called ginkgo chicken, in which a rooster represents yang and ginkgo represents yin. It is thought that the meal restores vigor when consumed in its whole from (Shermann, 1985). For millennia, G. biloba has been a favorite ornamental tree because of its beauty and resilience to pollutants, insects, and disease (Briskin, 2000). Both China and Japan have Buddhist temples where it can be seen, but its popularity has spread, and it is now found in many nations worldwide, especially in cities (Bilia, 2002). The unique elegance of the leaf has also led to its incorporation in various forms of art and sculpture.  
Chemistry and Pharmacology
Numerous phytochemicals, such as terpene trilactones, flavanol glycosides, biflavones, proanthocyanidins, alkylphenols, polyprenols, and 4-O-methylpyridoxine, are found in Ginkgo biloba (van Beek, 2002). The three main and distinct components of Ginkgo biloba are flavonoid glycosides, biflavones, and terpene lactones. A, B, C, J, and M are the five varieties of ginkgolides, which are twenty-carbon terpenes produced in the tree's roots and leaves. Bilobalide, which is technically a sesquiterpene trilactone, is one of the terpenes trilactones (Mahadevan, 2008; Smith, 2004; Spinella, 2001). 
The flavonol glycosides consist of substances such as isorhamnetin, kaempferol, rutin, and quercetin (van Beek, 2002; Mahadevan, 2008). Biflavones also include isoginkgetin, ginkgetin, bilobetin, and sciadopitysin (van Beek, 2002). The primary extract utilized in trials, EGb 761, was created by French and German pharmaceutical companies as a standardized extract. The compounds are extracted from green leaves that are picked and dried in the summer using either a water-ethanol or water-acetone process (Mahadevan, 2008; Bilia, 2002). 
[bookmark: bfig0030]The leaves' chemical composition changes with the season, with a higher concentration of flavonoids in the fall than in the spring. The major flavonoids in  G. biloba  are derivatives of kaempferol, quercetin and isorhamnetin linked with glucose and  rhamnose (Fig. 3). At present, there are few investigations on the separation and purification of flavonol glycosides from G. biloba seeds.  As a result, the leaves must be examined for chemical levels and the presence of heavy metals during the multi-step extraction process before being turned into an extract (Mahadevan, 2008; Chan, 2007). Many processes, some of which are unknown, are used to create this extract, which condenses leaves to extract in a 50:1 ratio. This concentration also eliminates undesirable substances that may be harmful to health, such as polyprenols, catechins, and biflavones (Chan, 2007; van Beek, 2002). The most commonly reported phenolic acids in G. biloba include vanillic acid, protocatechuic acid, isovanillic acids, p-hydroxybenzoic acid, caffeic acid, ferulic acid, p-coumaric acid, gallic acid, sinapic acid, and m-hydroxybenzoic acid (Liu, et al. 2021).
[bookmark: bfig0020]Due to the incredibly tiny concentration of active chemical compounds, consuming ginkgo leaves—let's say in a tea—instead of extract has no effect on health (Chan, 2007). According to Van Beek (2009) and Goh (2002), the standardized extract of Ginkgo biloba has less than 5 ppm of ginkgolic acid, 24% flavonoid glycosides, and about 6% terpene lactones. Proanthocyanidins, which are also present in wine, help explain the ginkgo extract's antioxidant qualities and its therapeutic benefits (van Beek, 2002). When making the extract, B6 4-O-methylpyridoxine, a substance that is mostly present in the seeds and is poisonous to humans, is eliminated (van Beek, 2021). Cardanols, α-hydroxycardanols, cardols, urushiols, and isourushiols are the five important classes of alkylphenols and ginkgolic acids are one class of alkylphenolic acids present in G. biloba Boateng 2023). According to several studies, alkylphenols of G. biloba might be toxic and allergenic However, they have also shown potent cytotoxic activities in some cancerous cell lines (Biernacka et al., 2023). Alkylphenols, including ginkgolic acids, ginkgols and bilobols, are present in various parts of G. biloba. Ginkgols are natural phytochemicals that are found in G. biloba. Their chemical name is 3-alkylphenols. Ginkgols from G. biloba mainly consist of four homolog monomers with different alkyl side chains, C13:0, C15:0, C15:1 and C17:1 (Fig. 1).
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[bookmark: bbib0615]Fig. 1. Structural formula of pyridoxine (vitamin B6) and its analogues in G. biloba seeds (Hori et al., 2004; Wada et al., 1985).
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Fig. 2. Skeletal structural formula of terpenoids in G. biloba seeds. a: Ginkgolide M is present in the G. biloba root  (Bolshakov et al., 2006; Lorenzo et al., 2015).
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Fig. 3. Skeletal structural formula of flavonoids and bioflavonoids in G. biloba seeds (Liu et al., 2015; Zhou et al., 2014).
Biological Activity 
Standardized Ginkgo biloba extract (EGb 761) has been the subject of numerous studies to evaluate its potential advantages, especially in relation to memory enhancement and neurodegeneration prevention. Winter (1997) examined the effects of EGb 761 extract on rats' memory. Following their initial acclimatization to a multi-armed labyrinth, the number of incorrect starts made by the rats was noted. The study discovered that rats given EGb 761 orally by the ingestion of sweetened condensed milk had better memory, as shown by fewer incorrect starts. Furthermore, EGb 761-consuming rats had a noticeably longer lifespan than non-consuming rats (Winter, 1997). Rats who had either drug-induced or stress-induced memory loss were shown to restore memory function when EGb 761 was added to their diet (Anna Walesiuk et al., 2005). Additionally, the extract showed efficacy against Parkinson's and Alzheimer's disease in studied animals (Yohitake, 2010). 
It has also been demonstrated that extracts enhance short-term memory in mice and enhance memory function and spatial learning in both young and old rats (Perry, 2011). It was also demonstrated in otherin vivo investigations that EGb 761 improved memory acquisition and retention via influencing the hippocampus in animals, which is important in the formation of new memories (Smith and Luo, 2004). In rats, EGb 761 has been shown to have positive effects on the following processes: scavenging of free radicals, age-related brain loss, ischemic neuronal death, hippocampal function, uptake of high-affinity choline, regulation of hippocampal glucocorticoid receptors, neuronal plasticity, and cognitive deficits related to stress (Smith and Luo, 2004). The nematode Caenorhabditis elegans showed enhanced resilience to oxidative and thermal stress after being administered EGb 761, according to Smith and Luo (2004). Similar to this, animals given modest doses of ginkgo extract in their drinking water demonstrated less oxidative damage to their brain and liver’s mitochondrial DNA (Chan, 2007). 
Ginkgo extract's stress-relieving properties may have an impact on dopaminergic system receptors (Yohitake, 2010). One study found that rats fed EGb 761 experienced significantly lower levels of stress, which the researchers ascribed to the ginkgolides' effects on the expression of the peripheral benzodiazepine receptor in the adrenal cortex (Smith, 2004; DeFeudis). Numerous positive effects, including less immunosuppression, neurotoxicity, and neuro endangerment, result from this drop in circulating glucocorticoid levels (Amri et al., 1996). Some flavonoids, such as kaempferol, have been tested for their ability to prevent cancer. Some studies have found that they have a positive effect on prostate and colon cancers. Additionally, mice given ginkgo extract showed reduced expression of peripheral benzodiazepine receptor (PBR), which in turn suppressed the proliferation of breast cancer cells (DeFeudis et al., 2003). Flavonoids in ginkgo extract were reported to have anticancer effects by Feng et al., (2009). After receiving the extract for a week and a half, numerous leukemia-stricken mice exhibited symptoms of tumor shrinkage and suppression (Feng, 2009). 
Furthermore, research indicates that the vascular-protective properties of G. biloba extract make it a useful therapeutic agent for ischemic and cardiovascular disorders. By enhancing endothelial dysfunction, lowering inflammatory markers, and raising the generation of clopidogrel's active metabolite, the G. biloba extract, ginkgolide B, and ginkgo leaf tablets shown effectiveness against atherosclerosis (Deng et al., 2016; Feng et al, 2018). According to an in vivo investigation, ginkgo lactone nanosuspensions may reduce platelet aggregation (Rui et al., 2016). Additionally, G. biloba demonstrated advantages in acute myocardial infarction by boosting endogenous antioxidant enzymes, reducing inflammation, and apoptosis (Badore et al., 2017). 
 In Vitro The neuroprotective properties of EGb 761 stem from its synergistic and simultaneous interaction with numerous cellular pathways; in vitro, EGb 761 was found to have multiple mechanisms of action for its neuroprotective properties, including up-regulating specific proteins and preserving membrane potential in mitochondria (Smith and Luo, 2004). Similarly, it has been demonstrated that EGb 761 improves cardiac conditions by changing the concentrations of ions across membranes, which in turn changes action potentials that cause the smooth muscles of the aorta to relax and dilate (Satoh, 2004). Proanthocyanidins and flavonol glycosides both possess antioxidant qualities that might lessen oxidative stress, such as scavenging free radicals (Chan, 2007). This also contributes to part of the extract's effects of blood vessel relaxation and consequently, enhanced blood flow (Kleijnen and Knipschild, 2002). In an in vivo investigation, DeFeudis et al. supplied human breast cells with a modified form of EGb 761, known as IPS200 (2003). The modified version was found to have regulatory effects on several genes related to cell proliferation and apoptosis, indicating anti-cancer potential, according to the study. 
Clinical Studies 
Ginkgo biloba leaf extract, especially EGb 761, has been the subject of numerous clinical trials due to its ability to improve cognitive function in both mentally challenged and healthy individuals, treat different conditions involving cardiovascular deficiencies and neurodegenerative disorders, have anxiolytic and antioxidant effects, and effectively treat sexual dysfunction brought on by antidepressants. Many of these studies discovered that ginkgo extract had a positive overall impact. Numerous studies have shown the positive effects of EGb 761 on a variety of illnesses, but many more have shown little evidence to support the use of EGb 761 for the treatment of many of these conditions. This divide in the literature was brought to light by one study, which first suggested that although ginkgo extract treatment resulted in a slight improvement in cognitive function, the trials' remarkable success may have been caused by other factors. Later, the same study acknowledged that Ginkgo biloba is one of the plants that works best for dementia and other cognitive conditions like tinnitus and premenstrual tension (Perry, 2010).
In the deluge of research describing the benefits of ginkgo extract, the few studies that demonstrate no effect are obscured. The extract of G. biloba was found to be effective against a number of conditions, including "early-stage Alzheimer’s disease, vascular dementia, peripheral claudication, vertigo, heart disease, eye diseases, chronic cerebral insufficiency, accidents involving brain trauma, dementia, and tinnitus of vascular origin" (Cxavusxog lu, 2011; Napryeyenko, 2007). These findings were supported by a research team's clinical trials. 
In two experiments examining the effects of ginkgo extract on healthy participants aged 18–40 and 22–59, the extract was administered at a dose of 120 mg/day for 30 and 14 days, respectively. The results showed that the volunteers' working memory was improved, but their long-term memory was unaffected (Hartley, 2003). Several other studies support these findings, showing that healthy volunteers who received a similar dosage of ginkgo extract had better working memory, especially in older subjects, without showing any changes in other memory functions such as word recall, attention, or reaction time (Hartley, 2003).
Based on this research, it may be concluded that G. biloba extract primarily affects specific age groups (mostly the elderly) and specific brain regions, most likely the frontal lobe (which is in charge of working memory) (Hartley, 2003). The majority of studies concur that Ginkgo biloba is useful in treating mental decline and Alzheimer's disease. Numerous properties of the compounds present in the leaves are responsible for this efficacy. An important stage in the pathophysiology of Alzheimer's disease is the extract's inhibition of the production of the protein Aβ from its precursor β-amyloid. The early start and autosomal dominant forms of Alzheimer's disease, which EGb 761 can inhibit, are made worse and encouraged by the aggregation of this proteolytic fragment.
Reduced neuronal apoptosis is another effect of Aβ reduction, which runs opposite to the root cause of many neurodegenerative illnesses (Mahadevan, 2008; Smith, 2004). Le Bars et al. (1997) also discovered that EGb 761 enhanced cognitive functioning in older people suffering from dementia or Alzheimer's disease in a double-blind, placebo-controlled study. When forty individuals with cerebral insufficiencies were administered ginkgo extract (120–160 mg daily for more than four weeks), Kleijnen and Knipschild (1992) discovered that the majority of them had positive results. Cerebral insufficiencies included symptoms ranging from fatigue to disorientation. In multiple tests, the extract's alkaloids were shown to be potent antagonists of platelet-activating factors (PAF). According to Braquet and Hosford (1991), ginkgolides are a useful natural defence against inflammatory ailments such as shock, ischemia, asthma, and CNS problems because PAFs are inflammatory autacoids and are crucial to the pathologies of these conditions (Table.1).
Similarly, following an ischemic event, ginkgolides can be utilized to improve blood flow to the brain by decreasing aggregation and increasing circulation (Smith and Luo, 2004). Trilactone bilobalide, a sesquiterpene, has demonstrated potential in lowering the extent of cortical infarct after cerebral ischemia or stroke by increasing the flow of oxygen and glucose to the brain (Smith and Luo, 2004). The use of EGb 761 to improve mental health and living standards by reducing depression, anger, and exhaustion has also been supported by statistically significant results in a number of studies (Cieza A et al.; Kennedy, 2007). Additionally, it was discovered that ginkgo extract lowers depression and has anxiolytic effects on people (Smith, 2004; DeFeudis, 2000; Evans, 2009). Additionally, it has been discovered that EGb 761's antioxidant qualities can help alleviate sexual dysfunction. Because the antioxidants prevent nitric oxide from degrading, the guanylate cyclase enzyme is activated. Similar to Viagra, this impact causes the penis's smooth muscles to relax, allowing blood to flow in (Chan, 2007). This explains the findings of a related study that showed ginkgo extract to be very efficient in boosting sexual potency and reducing the effects of sexual dysfunction brought on by antidepressants (Cohen, 1998). 
Table 1: Therapeutic effects of Ginkgo biloba.
	Field of study
	Bioactive compounds
	Mechanism of action
	References

	Treatment of
respiratory diseases
	Ginkgetin, biflavones, 
	Ginkgetin significantly reduced irregular expression of the Akt and p38 pathway, whereas biflavones reduced MUC5AC mRNA expression
	Tao et al., (2019)

	
	Ginkgolide B (GB), Ginkgolides mixture (GM)
	GB and GM were shown to be a key component in the treatment of lipopolysaccharide induced lung injury
	Wu et al., (2016)

	
	GBE
	Treatment with Ginkgo biloba leaf extracts resulted in a substantial decrease in serum tumor markers and oncogene downregulation, as well as upregulation of a tumor suppressor gene in liver tissue 
	Ahamad et al., (2017)

	
	GBEE
	GBEE demonstrated the antitumor and antimetastatic actions due to the induction of the Wnt/β-catenin VEGF signaling pathway, which inhibited tumor angiogenesis
	Han et al., (2016)

	Anticancer effects
	GBE
	GBE inhibited the proliferation of gastric carcinoma SGC7901 cells. 
Ginkgo biloba extract improved chemotherapy sensitivity and reversed chemoresistance in gastric cancer cells by suppressing the KSR1 mediated ERK1/2 pathway
	Qian et al., (2016), Liu et al., (2015) 

	
	Ginkgolide B
	Ginkgolide B reduced the progression of endothelial and vascular dysfunction in diabetic rats by increasing antioxidants and enhancing vascular control. 
	Wang et al., (2015)

	Antidiabetic effect
	Bilobalide
	Bilobalide lowered the risk of developing type 2 diabetes by protecting against hypoxia-induced inflammation. 
	Priyanka et al., (2017)

	
	GBE
	GBE resulted in substantial visceral adiposity deficiency, improved insulin sensitivity, reduced dyslipidemia, and activated the insulin signaling cascade.
	Hirata et al., (2025)

	Antiobesity effects
	Ginkgolide B, Ginkgolide C
	Ginkgolide B therapy reduced body weight gain and increased hypertriglyceridemia. Ginkgolide C decreased oleic acid induced lipid aggregation
	Luo et al., (2017)

	
	Isoginkgetin, bilobetin, ginkgetin, and sciadopitysin
	isoginkgetin, bilobetin, ginkgetin, and sciadopitysin had high to moderate inhibitory effects on PL
	Liu et al., (2020)

	Antimicrobial effects
	Ginkgolide B
	Ginkgolide B restored the neuroprotective function of apurinic/ apyrimidinic endonuclease 1 and mitochondrial oxidative phosphorylation against A25-35 induced neurotoxicity
	Kaur et al., (2015)

	
	GBE
	GBE or similar drugs may be used as a long-term therapeutic alternative in elderly patients with ischemic brain injuries
	Zhou et al., (2017)

	Antioxidant effects
	GBE
	GBE demonstrated antioxidative activities by affecting the modulation of GSK3 to suppress zinc induced tau phosphorylation at Ser262. GBE has strong antioxidant properties and is likely to be a valuable medication for gamma irradiation safety and/ or as an antioxidant against oxidative stress
	Kwon et al., (2015); Belviranli and Okudan (2015)

	Neuroprotective effects
	GBE and donepezil
	GBE and donepezil combination demonstrated neuroprotective properties by lowering choline levels
	Christoph et al., (2015)



Contraindications
It has been demonstrated that Ginkgo biloba leaf extract possesses vasodilatory qualities, raising concerns regarding potential interactions with medications that have blood-thinning or anti-platelet-forming activities. Because of its effects on the platelet-activating factor, one study even revealed that using ginkgo extract in conjunction with stronger anticoagulants and blood thinners increased the risk of bleeding (Perry, 2010). However, there is contradictory research on the adverse side effects of ginkgo extract consumption, much like the controversy over its potential to enhance cognition. In particular, one study examined case studies that indicated adverse synergistic interactions between G. biloba extract and medications such as ibuprofen, aspirin, and warfarin (Izzo, 2009). Despite earlier reports that ginkgo extract-induced medication responses caused patients to experience spontaneous haemorrhages or intracerebral haemorrhages, this investigation showed no evidence linking ginkgo extract to alterations in blood coagulation markers (Izzo, 2009). On the other side, individuals who take high dosages of G. biloba extract or consume large volumes of the seeds have experienced a number of seizure: however, these have not been statistically significant (Spinella, 2001). In Germany, where a large portion of EGb 761's supply is produced, manufacturers are compelled to list symptoms of overdose, including "headaches, dizziness, palpitations, gastrointestinal disturbances, and allergic skin reactions" (Chan, 2007). Although these side effects need to be listed on the labels, Kleijnen and Knipschild's (1992) investigation found no adverse effects after three months of EGb 761 use (Chan, 2007). Because the seeds contain the poisonous 4-O-methylpyridoxine, eating them uncooked can result in gastrointestinal issues and food poisoning symptoms (van Beek, 2002).
Currently Used in CAM and Allopathic Treatments, In Europe and around the world, Ginkgo biloba extract is one of the most widely used medications and herbal supplements. It is a part of a billion-dollar industry, mainly because of its supposed ability to improve cognitive performance (van Dongen, 2000). Ginkgo biloba was the most popular herbal medicinal product in the United States in 2008, outselling popular herbal supplements like ginseng, garlic, and echinacea. It was also the most popular dietary supplement and prescription medication, with a retail value of over $150 million (Smith and Luo, 2004). There are numerous trade names for it in America, such as "Ginkgobene, Ginkgold, Ginkoba, Vasan," among others (Spinella 2001). In Germany and France, ginkgo-based medications such as "Tebonin, Kaveri, rokan, and Tanakan" are widely used both as prescription and over-the-counter medications (van Dongen, 2000). People who want to improve their mental alertness, memory, and concentration like to take ginkgo extract as a dietary supplement, which is why older people particularly like it. Ginkgo extract is also a potent antioxidant and is popular for its potential to prevent age-related mental illnesses and aging (Goh, 2002; Bilia, 2002).
Discussion 
The unique qualities of Ginkgo biloba make it highly important in social, medicinal, historical, and economic contexts. Due to its distinct chemical composition, the tree has remained mostly unaltered over millions of years and is resistant to air pollution, insects, and infection. This tree can be found in cities and temples in China and Japan, as well as in almost every country in the world. For thousands of years, ginkgo seeds have been employed in traditional Chinese medicine and are a common ingredient in many dishes and treats. 
In addition to helping prevent dementia and Alzheimer's disease, the standardized extract EGb 761 has been demonstrated to improve memory in rats. The antioxidants in the extract may also have anti-aging and anti-cancer effects. Additionally, it has demonstrated efficacy in improving cerebral enhancement in healthy volunteers, boosting brain function following ischemia episodes, and aiding in the treatment of cardiovascular diseases. Most research has proven ginkgo extract to be safe, and there have been no clear studies establishing any negative consequences of use. It is marketed as an herbal supplement in 120 mg pills for its ability to improve memory, including heightened energy and alertness. Although the FDA has not approved it in America, its popularity as an herbal supplement has soared, and it is currently a part of a billion-dollar industry. This noble and lovely tree will undoubtedly continue to grow in gardens and urban areas around the globe, offering numerous treatments for brain disorders and, ideally, various types of cancer.
Conclusion
Despite its immense therapeutic and decorative potential, it has not yet gotten much attention in terms of cultivation and conservation, especially in India. Due to inadequate regeneration, only a few numbers of individuals exist in nature in a variety of climatic circumstances across several locations (Purohit et al., 2007). The long-term existence of these uncommon species is at risk because they are considered living fossils, and only a few numbers of individuals have been reported to survive. Large-scale propagation techniques must be developed to supplement supplies and construct nurseries in order to meet planting material demand and preserve the species' posterity for future needs, taking into account the current status, importance, and conservation value of Ginkgo biloba.
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