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The medical Applications of Ginkgo Biloba

ABSTRACT

Ginkgo biloba is an ancient medicinal tree species that has existed for
millennia without undergoing modifications due to its resistance to
environmental stresses. The tree is slow-growing, adapted to many ecological
conditions, and shows numerous adaptations in developmental patterns.
Medicinal use of the species is attracting research interest, especially the various
parts of the tree that are used in orthodox or traditional medicine to treat
diseases due to the many bioactive compounds. The primary compounds
receiving increasing research interest are the triterpene lactones and flavonoids
Currently, there are different forms of G. biloba available in the market,
including extracts and isolated compounds such as terpenoids, flavonoids,
bioflavonoids, and organic acids; Both its leaves and nuts have been widely
prescribed for the treatment of various ailments, including pulmonary diseases,
alcohol abuse, bladder inflammation, heart and lung dysfunction, and skin
infections In Retrieved studies showed that the extracts and isolated compounds
from G. biloba have beneficial activities in cerebrovascular, nervous,
cardiovascular, endocrine, muscular and skeletal, renal, respiratory, digestive,
and immunity systems. In many countries, the cultivation of plantations for the
supply of ginkgo leaf-based pharmaceutical formulations is in progress, and
efforts to standardize ginkgo leaf extract as an herbal medication for human use

are being made.
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1. INTRODUCTION

Ginkgo biloba L., known as a "living fossil," has been utilized for over 2000
years as a therapeutically valuable plant for human health [1-3]. The name
"Ginkgo" 1s derived from a Japanese word, while the term "biloba" refers to the
characteristic two-lobed shape of its leaves. The ginkgo tree thrived during the
Mesozoic era, with its peak development occurring in the Jurassic and
Cretaceous eras [1]. Throughout Chinese herbal medicine history, ginkgo seeds
have been recognized for their therapeutic properties, and the leaves have been
used in the form of teas for medicinal purposes. The plant contains bioactive
compounds such as organic acids (e.g., ginkgolic acid), flavonoids (e.g.,
kaempferol, quercetin, isorhamnetin), biflavonoids (e.g., sciadopitysin,
ginkgetin, isoginkgetin), and terpenoids (e.g., ginkgolides, bilobalides), which
have extended its applications in various biological systems [3]. The therapeutic
effectiveness of G. biloba leaf extracts is believed to be attributed to the
presence of flavonoid glycosides and terpene trilactones (ginkgolides and
bilobalide). Standardized and commercial ginkgo leaf extracts typically contain
5-7 % terpene lactones and 22-27 % flavone glycosides [3]. In Traditional
Chinese Medicine (TCM), Ginkgo biloba has been used for centuries to manage
stomach pain, cognitive dysfunction, bronchitis, asthma, tuberculosis, and other
conditions. It has been clinically evaluated and proven effective as a nutritional
supplement and medicine for improving memory, as well as a therapeutic or
preventative measure for Alzheimer’s disease and other neurological disorders.
Additionally, it has shown promise as a therapeutic approach for cardiovascular-
related disorders due to its immunomodulatory, anti-inflammatory,
neuroprotective, and antioxidant properties [1,4—6]. Ginkgo leaf extracts are
now available in various forms, including film-coated pills, oral liquids, and

injectable formulations, in Europe and America [3].
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These extracts are widely used in herbal pharmaceutical products, food and

nutritional supplements, botanical and complementary treatments.

Ginkgo extracts contain active chemicals that have several beneficial effects on
the body. These extracts enhance blood circulation, inhibit clot formation,
strengthen capillary walls, and protect neural cells during oxygen deprivation
[7]. Ginkgo leaf extracts are commonly used to manage symptoms of dementia,
such as difficulties in concentration and memory-related problems. They also
possess anti-asthma properties [8, 9], promote wound healing [2], and exhibit
neuroprotective effects, along with improving mental capacities in patients with
Alzheimer’s disease [10,11]. Numerous pharmacological investigations have
been conducted to explore the activity of ginkgo extract [12]. In recent years,
there have been several pharmacological studies focusing on exploring new
medicinal aspects of ginkgo. This updated study aims to provide a
comprehensive review of these recent studies to gain better insights for future
clinical investigations. By examining the findings of these studies, researchers
can gain a deeper understanding of the potential therapeutic applications of

Ginkgo and identify areas for further research and clinical trials.

Figure 1. Gingko biloba tree
3
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2. Chemical Constituents

Several chemical compounds have been derived from G. biloba with a wide
range of therapeutic activities. In recent years, novel chemical compounds,
including new terpenoids and lignans, have been identified in G. biloba [13], as

described in the following sections [13 23].

2.1 Flavonoid:

Liquid chromatography-mass spectrometry (LC-MS) has been used to identify
and separate several flavonoids found in G. biloba. To date, 110 flavonoids have
been identified, including kaempferol 3-O-a-1- [6000-p-coumaroyl(5-d)-
glucopyranosyl(1,2)-rhamnopyranoside]-7-O-f-d-glucopyranoside ,and
isorhamnetin 3-0-0-1-[6000-p-coumaroyl(a-d)-glucopyranosyl(1,2)-
rhamnopyranoside], which were identified in an n-BuOH extract of G. biloba
leaves. flavonoids exhibit antioxidant properties when they bind with six other
flavonol glycosides: quercetin 3-O-f-D-glucopyranoside, quercetin 3-O-f-
rutinoside, quercetin  3-O-a-L-[6"-p-coumaroyl-(5-D)-glucopyranosyl-(  1,2)-
rhamnopyranoside], kaempferol 3-O-a-L- [6"-p-coumaroyl-(5-D)-glucopyranosyl-
(1,2)-rhamnopyranoside], quercetin 3-O-p-D-glucopyranosyl-(1-2)-alpha-
Lrhamnopyranoside, = and  quercetin  3-O-a-L-[6"-p-coumaroyl-(  S-D)-
glucopyranosyl-(1,2)-rhamnopyranoside]-7- O-p-D-glucopyranoside [14].
Flavonoids can be characterized into seven groups: flavanones, isoflavones,
flavones, biflavones, flavan-3-ols, flavonols, and biginkgosides. Ma et al. first
separated and described biginkgosides in 2016, describing the isolation of nine

biginkgosides.

2.2 Terpenoids:

Ten diterpenoid lactones have been discovered, known as ginkgolides Q, P,
N, M, L, K, J, C, B, and A. Until recently, bilobalide was thought to be the only
sesquiterpene lactone in G. biloba, but Dong et al. announce a new bilobalide

isomer in 2020 [15]. G. biloba also contains nor-terpenoids, including three nor-
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sesquiterpenoids discovered by Shu et al. in G. biloba L.
2.3 Alkylphenols and Alkylphenolic Acids.

Alkylphenols can be divided into five groups: cardols, cardanols, o-
hydroxycardanols, urushiols, isourushiols, and alkylphenolic acids. [30].
Although ginkgolic acids are known to be toxic [16], they have also been
reported to display potential pharmacological effects.

2.4 Carboxylic Acids

Carboxylic acids that have been identified in G. biloba include ferulic acid,
p-coumaric acid, protocatechuic acid, caffeic acid, p-hydroxybenzoic acid, m-
hydroxybenzoic acid, vanillic acid, isovanillic acid, gallic acid, and sinapic acid
[17]. Phenolic acids have been demonstrated to form glycosidic or covalent
bonds, except for the free form in GBL.

2.5 Lignans.

Lignans were identified in G. biloba roots in 2015 and in G. biloba seeds in
2018 [33, 34]. Lignans obtained from G. biloba show antioxidant properties [18].
In 2018, lignans were also discovered in GBE [19]. Pinoresinol contains 0.012—
0.020 mg/mL diglucoside and 1.05-1.87 mg/ mL total lignan glycosides. Five
lignans were i1solated from G. biloba by Shu et al.

2.6 Proanthocyanidins.

Prodelphinidin and procyanidin are two proanthocyanidins that have been

identified in G. biloba at a ratio of 85: 15 Prodelphinidin is an epigallocatechin

polymer, whereas procyanidin is comprised of epicatechin [20].

2.7 Polyprenols.

Polyprenols, which are active ingredients identified in G. biloba, are
comprised of long chains of 14—24 isopentenyl units and have a similar structure
as S-polyterpene alcohol (dolichols), which can be found in mammals, including

people [21].
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2.8 Polysaccharides
Okhti et al. examined the chemical structures of polysaccharides found in G.
biloba and discovered that they were composed of glucose, rhamnose, mannose,

arabinose, and galactose [22].

2.9 Others
Toxic component 4’-O-methylpyridoxine (MPN) was first discovered in G.
biloba seeds and isolated by Klein et al. [23]. G. biloba essential oil contains 68

compounds, which include 42.11% sesquiterpenes.

3. Bioactive Compounds in Ginkgo biloba

G. biloba leaves have been extensively investigated as a source of the plant’s
major medicinal components. Active chemical components found in G. biloba
leaves include flavonoids and terpenoids, and plant extracts have exhibited a
variety of pharmacological activities, including antibacterial, antioxidant, anti-
inflammatory, antiallergic, and cytotoxic anticancer activities [4, 11]. Many
other bioactive compounds, including bioflavonoids, organic acids, and
polyprenols, have been identified in G. biloba. Other constituents of G. biloba
with known pharmacological activities are ginkgolides and bilobalide.
Ginkgolides can be divided into five types (A, B, C, J, and M), in which has a
unique set of properties. Flavonoids, such as quercetin, kaempferol, and
isorhamnetin, are found as glycoside derivatives in G. biloba (Figure 2). A
standardized leaf extract of G. biloba, known as EGb 761, includes 6%
terpenoids, 5%-24 % flavonoid glycosides, 10% organic acids, and other
bioactive compounds that are known to exert a wide range of beneficial health

effects [4, 11].
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Figure 2: Chemical structures of Ginkgo biloba’s key bioactive compounds

4. Pharmacologic properties of Ginkgo Biloba
There are plenty of studies showing that G. biloba has many beneficial
activities on different body organs. We summarized in vitro and in vivo studies of

G. biloba in the following paragraphs. [24 74]

4.1 Alzheimer’s Disease and Dementia:

Evidence from Cellular and In Vivo Studies. In vitro, Ginkgolide A treatment
reduced the expression of pro-inflammatory mediators like COX2 and nitric
oxide, as well as cytokines like TNF-a, IL-1, and IL-1p in mouse macrophages
and differentiated human monocytes [24 61]. Furthermore, it has been shown to
significantly reduce neurological deficit scores and brain infarct volume in rats
suffering from cerebral ischemia/reperfusion damage [24], as well as repair
mitochondrial dysfunction in cell culture [25]. Ginkgolide B has been shown to
inhibit glutamate-induced apoptosis in astrocytes in vitro when glutamate
metabolism is abnormal in the pathological environment of AD (Figure 3) [26].
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According to studies, it improves neurological function by promoting the
proliferation and differentiation of neural stem cells in rats with cerebral
ischemia/reperfusion injury [27]. Electrophysiological recordings from the brain
slices of rats exposed to hypoxia in vivo showed increases in the frequency of
spontaneous discharge, the frequency of action potentials, and the magnitude of
calcium entries. Pre-treatment with Ginkgolide B, which may regulate Ca2+
influx in hippocampal neurons, suppressed all of these effects of hypoxia [28]. In
model rats with middle cerebral artery lusion reperfusion, Ginkgolide C
suppresses the CD40/NF-kB pathway to ameliorate cerebral ischemia or
reperfusion-induced inflammatory impairments [28]. This compound can inhibit
adipogenic factors and enzymes, increase lipolysis in a culture of differentiated
adipocytes [29], and exhibit an intriguing anti-neoplastic effect in hepatocellular
carcinoma cells [30], suggesting that other tissues may respond better to its
application. It has been demonstrated that bilobalide increases neurogenesis and
synaptogenesis in the cells of rat fetuses by stimulating the proliferation of
hippocampal progenitor cells in a dose-dependent manner [31]. It supports the use
of APP processing promoted by alpha-secretase in delaying the onset of AD by
reducing the production of beta-amyloid in the human neuroblastoma cell line.
Furthermore, studies have shown that bilobalide improves cognitive functions in
AD mice [32]. In an in vitro model of AD, resveratrol can reduce oxidative
damage to neurons caused by beta-amyloid via the mitophagy pathway [33]. It
also had a significant effect on the integrity of the blood—brain barrier in AD-
induced rats [34]. This substance was found to have good anticholinergic effects
in mice with dementia when combined with other antioxidants such as vitamin E
[35]. In a culture of human umbilical endothelial cells, kaempferol was discovered
to bind to vascular endothelial growth factor, improving some angiogenic
functions [36]. Kaempferol increased dopaminergic and cholinergic
neurotransmission in lab rats’ prefrontal cortices, improving cognitive function

[37].
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It has a synergic effect on the learning and memory capabilities of model rats

with AD [38]. Isorhamnetin has been shown to stimulate urofilament production,

which enhances neurite outgrowth and NGF-induced neurofilament expression.

PREVENTS TAU PROTEIN

« ASTROCYTES AND MICROGLIAACTVATION
+ ThF-a, IL-1B, IL-B

« NFkE TAU FROTEIN
# |NFLAMMATION
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* ROS GENERATION

= OXIDATIVE STRESS

= ANTIOXIDANT ENZYMES

Figure 3. Protective mechanisms of Ginkgo biloba against Alzheimer’s disease (AD).

Gingko biloba and its extracts can play protective roles against AD and can interfere with
the formation of BA plaques.
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4.1.1 Ginkgo Biloba and Neurotransmitters Related to Alzheimer’s Disease
4.1.1.1 Acetylcholine

Several studies indicate that GB may have a direct and indirect impact on
cholinergic function [39 58]. Scopolamine, a muscarinic receptor antagonist, has
been shown to cause memory dysfunction in models, supporting this theory.
Memory and cognitive function have been demonstrated to be negatively
impacted by its administration’s transient blockade of cholinergic muscarinic
receptors [39]. In rodents, GB treatment reduces scopolamine-induced amnesia,
indicating improved cognition. This condition was associated with GB’s direct
action on cholinergic receptors. This plant appears to directly affect presynaptic
cholinergic nerve terminals, inhibiting choline absorption, which is a precursor
to acetylcholine synthesis [40]. Other learning and memory models applied to
rodents demonstrated the effectiveness of GB in memory acquisition and
retention in the face of prolonged treatment [41], as well as an improvement in the
animals’ memory while using a maze [42]. The study found that using GB in
healthy young and elderly humans improved both short-term [43] and long-term
[44] memory. In Alzheimer’s patients, a 3-to-6-month treatment with 120 to 240
mg of GB extract has a small but significant effect on GB’s clinical efficacy

[45].
4.1.1.2. Glutamate and Dopamine

Ginkgolides, biologically active terpene lactones in GB, regulate glutamate
transmission in the cortex and hippocampus. Glutamate binding to receptors
activates a short-term modulation pathway that allows ions to enter and exit the
cell. The flow of calcium ions triggers the release of glutamate [46 53].
Ginkgolides influence phospholipase A2 and prevent kinase C activation. In
turn, kinase C has a significant effect on calcium circulation by influencing
endoplasmic reticulum calcium release. When this pathway is inhibited, calcium

flow is blocked, and glutamate cannot be released into the synapse. Thus,

10
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Ginkgolides’ inhibitory function is demonstrated by their ability to reduce
glutamate-induced damage in hippocampal neuronal cells in the face of cerebral
ischemia [46]. Normal excitatory neurotransmission requires glutamate to be
removed from the synapse by its transporters [47]. Failure to withdraw causes
toxicity that can cause acute neurodegenerative diseases like epilepsy and
hypoxia, as well as chronic neurodegenerative diseases like Alzheimer’s and
Huntington’s Syndrome [48]. Similarly, the presence of Ginkgolides appears to
modulate the neurotransmitter dopamine, which regulates cognition, voluntary
movements, and the activation of the punishment and reward system [49].
Chronic Ginkgolide administration increases dopaminergic and noradrenergic
transmission in the frontal cortex of the brain [50]. Furthermore, Ginkgolides
boost dopaminergic activity in rats’ paraventricular nuclei [51]. This effect can
be explained by the inhibitory effect of Ginkgolides on MAO (monoamine
oxidase). MAO is responsible for the elimination of norepinephrine at synapses.
Yoshaitatake et al. demonstrated that a single oral dose did not affect
monoamine concentration levels [52]. Dysregulation of dopamine homeostasis
1s associated with the pathogenesis of neurodegenerative diseases. For example,
growth hormone receptor 1o (GHSRI1a)-induced disruption of dopamine D1

receptor (DRD1) function exacerbates the pathophysiology of AD [53].

4.1.1.3. Serotonin—SHT

Changes in behavior, as in the case of depression, can be identified in
individuals with AD [54], suggesting functional changes in the monoaminergic
system, not only in the cholinergic system [54 58]. Some studies have shown
that serotonin receptors, in addition to increasing cholinergic neurotransmission,
also improve neurogenesis processes and neuronal plasticity, as well as reduce
amyloid load in the brain [55,56]. In relation to serotonin 5-HT1A receptors a
decrease in their expression is observed in the aging phase [57]. However, this

condition can be reversed with treatment with GB [58].

11
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Although the mechanisms of action of GB in neuroprotective events are not
well understood, the modulation of serotonin levels was observed, as well as the
increase in dopamine levels due to the reduction in monoamine oxidase (MAQO)
activity in the prefrontal cortex in the presence of this substance [59—60]. In rats
that received GB treatment for 3 weeks with an average consumption of 50-300
mg of GB, a slight increase in serotonin levels was observed in brain regions
such as the prefrontal cortex and hippocampus [61]. The evaluations of the
study show that 5-HT has an important role in neurodegenerative diseases, and

the understanding of its mechanisms can bring new insights into AD treatment.

4.2 Cardiovascular system
Studies show that G. biloba and its isolated compounds have benefits on

cardiovascular problems, including cardiotoxicity, arrhythmia, heart failure, and

other problems [62 68] .

Through the production of prostaglandins and NO, G. biloba extracts were
reported to increase the blood flow, enhance blood rheology, inhibit platelet
aggregation and hypoxia, and decrease capillary permeability [62].
Nevertheless, a double-blind trial conducted revealed that G. biloba was not
proven to reduce total mortality or the cardiovascular disease-related death rate
or cardiovascular events [63]. In another study, EGb761 showed inhibitory
activity on myocardial cell apoptosis. It could activate the Akt/Nrf2 pathway,
elevate HO-1 expression, reduce oxidative stress, and inhibit inflammatory
responses to protect the myocardium [64]. The extract showed efficacy in viral
myocarditis by lowering myocardial damage and fibrosis through S100A4 and
MMP-3 suppression [64]. Based on the literature, G. biloba biflavones might be
the active cardioprotective constituents of G. biloba. As an example, G. biloba
biflavones have been natural inhibitors for human thrombin, and these
chemicals might be utilized for the creation of new thrombin inhibitors with

better effectiveness and excellent safety profiles [65].

12
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Additionally, studies show that G. biloba extract is a beneficial therapeutic
compound for cardiovascular and ischemic diseases by exerting vascular-
protective function. The G. biloba extract, ginkgolide B, and ginkgo leaf tablets
showed activity against atherosclerosis via elevating the production of
clopidogrel active metabolite, increasing endothelial dysfunction, and
decreasing inflammatory factors [66]. An in vivo study showed that
nanosuspensions from ginkgo lactones could decrease platelet aggregation [67]
. Furthermore, G. biloba showed benefits in acute myocardial infarction through
decreasing inflammation, apoptosis, and increasing endogenous antioxidant

enzymes [68].

4.3 Anticancer Activity

Bai et al. have investigated the effects of G. biloba extract on cell apoptosis
and GO/GI1 cycle in gastric cancer cells [69 74]. The anticancer activity of
Tebonin Egb761 is widely used in the treatment of various cancers. According
to this study, after 48 hours of treatment, the data revealed that Tebonin
Egb761 significantly suppressed the proliferation of human gastric cancer AGS
cells in a dose-dependent manner. Tebonin Egb761 at a concentration of 80
mg/L increased the number of cells in the GO/G1 phase and decreased the cells
in the G2/M and S phases. In addition, Tebonin Egb761 treatment significantly
increased the apoptosis rate of AGS cells. In conclusion, Tebonin Egb761 can
induce apoptosis in human gastric cancer cells through various mechanisms and
exhibit anticancer activity by causing cells to remain in G0/G1 phase [69].
investigated the activity of G. biloba extracts on inducing apoptosis in Lewis
Lung Cancer Cells (LLC) involving MAPK signaling pathways. This study has
shown that GBEE (50-200 mg/kg) has dose-dependent inhibitory effects on the
growth of LLC-transplanted tumors. As a result, GBEE induces apoptosis in
LLC cells through the mitochondrial- mediated intrinsic pathway and the death
receptor-mediated extrinsic pathway, which may be closely related to the

regulation of MAPK signaling pathways by various mechanisms.[70] .

13
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Wang et al. have investigated the anticancer effect of Tebonin Egb761 on
hepatocellular carcinoma (HCC) cell lines in their study. They found that
Tebonin Egb761 inhibited cancer cell growth, reduced cell viability, and
supported apoptosis in hepatocellular carcinoma cells. Additionally, Tebonin
Egb761 dose-dependently reduced the proliferation of human hepatocellular
carcinoma (HepG2) cells and increased their apoptosis. In addition, it has been
observed that Tebonin Egb761 exerts an anticancer effect on HepG2 cells by
activating p53 and inhibiting nuclear factor (NF)-kB signaling pathways. In
conclusion, Wang et al. determined that Tebonin Egb761 inhibited the
proliferation and induced apoptosis of hepatocellular carcinoma cells through
the NF-xB/p53 signaling pathway [71] . DeFeudis et al. investigate the activity
of G. biloba extracts on cancer in their study. In this study, ginkgolide B
inhibited the growth of a highly aggressive human breast cancer cell line in
mice. In addition, exposure of bladder cancer cells to a Ginkgo extract has
elicited an adaptive transcriptional response that prevents DNA damage. In
humans, Ginkgo extracts also inhibit the formation of oxidative stress effects
caused by radiation-induced clastogenic factors and ultraviolet light, which may
be associated with anticancer activity [72]. Liu et al. investigated the anti-
metastatic effect of Tebonin Egb761 on colorectal cancer cells in their study.
The treatment of colorectal cancer cells with Tebonin Egb761 has been shown
to induce inhibition of cell migration and invasion ability in a concentration-
dependent manner. As a result, Tebonin Egb761 has been shown to upregulate
LincRNA-p21 expression in a dose- and time-dependent manner. Therefore,
Tebonin Egb 761 may be a promising treatment regimen for colorectal cancer
[73] .Pretner et al. aimed to determine the role of PBR in cancer and the
possible anticancer effects of Tebonin Egb761 against it in their study.
Treatment with Tebonin Egb761 reduced PBR mRNA levels and inhibited the
proliferation of breast, glioma, and hepatocarcinoma cell lines. As a result,

treatment with Tebonin Egb761 is believed to be beneficial in preventing or

14
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treating cancer metastasis by reducing PBR overexpression [74] .
5. Conclusion

In this study, we conducted focusing on the phytochemical, and
pharmacological aspects of G. biloba. Ginkgo biloba is known to contain
various bioactive constituents, including flavonoids, biflavonoids, terpenoids,
polyphenols, and phenolic acids, which contribute to its medicinal properties.
Among these compounds, terpene lactones such as ginkgolides, bilobalide, and
their derivatives, as well as flavonoids, particularly biflavonoids, are the
predominant  constituents that exhibit significant biological and
pharmacological activities. Quercetin, kaempferol, and isorhamnetin are the
major flavonoids found in G. biloba, occurring both as glycoside derivatives
and aglycone forms. It is important to note that ginkgolic acids present in the

plant are considered toxic and allergenic. Therefore, a standardized ginkgo leaf

extract should contain approximately 22 % to 27 % flavonoid glycosides, 5 %
to 7 % terpene lactones, and no more than 5 parts per million of ginkgolic acids,
as recommended by the German government. Our review of the literature
revealed that G. biloba extracts and isolated compounds exhibit
pharmacological and protective activities against various diseases, including
cerebrovascular and nervous system disorders, cardiovascular conditions,
endocrine disorders, muscular and skeletal issues, renal diseases, respiratory
problems, digestive disorders, anticancer and immune-related ailments.
However, further studies are warranted to evaluate the claimed benefits of G.
biloba on human health, to obtain more robust findings regarding its efficacy

and safety.
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