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Abstract

The prevalence of cardiovascular disease continues to increase. Ginkgo biloba is used as a therapeutic agent for cardiovascular disease.
Flavonoids are considered bioactive components and quality control indicators in G. biloba leaf extract. They are closely related to
cardiovascular and cerebrovascular pharmacodynamics and display the ability to dilate blood vessels, regulate blood lipid levels,
antagonize platelet-activating factors and protect againstischemic damage. This review will help better understand the cardioprotective
effects of G. biloba flavonoids. Ginkgo biloba has a positive safety profile but has some limitations. High-quality clinical trials are needed
to confirm the effectiveness of ginkgo extracts. Furthermore, most studies on G. biloba use have focused on its flavonoid aglycones,
whereas the effects of other flavonoid glycosides remain largely unknown. Finally, the action mechanism of G. biloba flavonoids can be
more scientifically revealed only by comprehensively considering the relationship among intestinal flora, host and G. biloba flavonoids.
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INTRODUCTION

Cardiovascular Disease (CVD) is a leading cause of
death worldwide. This condition includes heart failure,
atherosclerosis and hypertension’. The quality of life of
patients with CVD is severely impaired and it imposes an
immense financial burden on their families. Herbs, such as
ginkgo (Ginkgo biloba L.), can be used to treat CVD?2.

In the 1960s, German scientists discovered for the first
time that the ginkgo leaf contains medicinal ingredients that
can be used to treat CVD. Since then, ginkgo leaf extract has
been gaining attention worldwide. Several epidemiological
studies have shown that dietary flavonoids and flavonoid-rich
food products correlate with the decreased likelihood of CVD
development?. Flavonoids, which are known to have biological
activities, can dilate blood vessels?, regulate blood lipid levels®,
control blood sugar levels® and inhibit apoptosis and vascular
rupture’”,

As shown in Fig. 1, we analyze the pharmacodynamics
and pharmacokinetics of G. biloba flavonoids, thereby
providing valuable information on the cardioprotective effects
of this plant and laying a foundation for its clinical application.
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Medication history: Ginkgo is the oldest (existed for more
than 200 million years) and most valuable medicinal plantand
is often termed a “living fossil"'®'". This tall and strong plant
species is native to China. The earliest publications on the
medicinal use of G. biloba can be traced back to 1505 AD.
Ginkgo biloba possesses various medicinal and therapeutic
properties, which have been widely recognized in recent
decades’.

Ginkgo biloba extract was first used in 1965 by the
German physician and pharmacist W. Schwabe. It is found to
improve peripheral and central blood circulation and can be
used to treat CVD'>"%.In 1974, G. biloba extract 761 (EGb761)
became the first commercially available G. biloba extract for
human use and it is one of the best-selling herbal extracts in
the world. Since then, G. biloba extracts have garnered
increasing attention from researchers worldwide.

In the United States, more than $250 million is spent
annually on G. biloba-containing products'®'. In Europe,
patients were recommended a daily standardized ginkgo
extract dose of 120-240 mg for 8 weeks to prevent
cardiovascular disease'®. Leaf extract of G. biloba is one of the
most widely used herbal medicines in the US and Europe.
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Fig. 1: Metabolism, pharmacokinetics and metabolomics of Ginkgo bilobaflavonoids
Adapted from ‘Pharmacokinetic, Metabolism and Metabolomic Strategies Provide Deep Insight Into the Underlying Mechanism of Ginkgo biloba
Flavonoids in the Treatment of Cardiovascular Disease’ by Tao et a/®®. Retrieved from https://doi.org/10.3389/fnut.2022.857370. Copyright (2022) by
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Flavonoids are crucial compounds in G. biloba leaf
extracts, with concentrations of up to 24%. Leaf extracts can
be divided into two types: Whole-leaf and standardized.
Whole-leaf extracts are typically obtained using alcohol and
contain alcohol-soluble components, whereas standardized
extracts are prepared via a multistep process'’. Some
compounds (terpene trione and flavonoids) are concentrated,
whereas others (biflavones and ginkgolic acid) are removed.
The standardized extracts include 6% terpene trione, 24%
flavonoid glycosides and less than 5 ppm ginkgolic acid™.
Finally, stable quality can be achieved by mixing batches of
high-and low-concentration flavonol glycosides with terpene
trione®.

The medicinal value of G. biloba extract is gaining
increasing recognition and researchers are attempting to
standardize it by incorporating it into the pharmacopeia of
several European countries. Meanwhile, the regulatory
authorities in these countries have promoted the
standardization of extracts into doses that are safe for human
use as herbal medicines and have taken corresponding safety
measures.

Chemical constituents: Phytochemicals are the main sources
of new drugs and G. biloba leaves have been extensively
studied as a source of beneficial medicinal components.
A range of promising compounds, including flavonoids
(quercetin, kaempferol and isorhamnetin) and terpenoids
(bilobalide and ginkgolides), have been identified in this
plant’. More than 110 compounds related to the
aforementioned compounds have been isolated from the
leaves of ginkgo plants®2. Due to the presence of these
compounds, G. biloba extracts are widely used to treat
CVDZ.

Among the compounds found in G. biloba, trilactones,
which are unique to G. biloba, have received the most
attention, whereas flavonoids have received less attention.To
date, over 70 flavonoids have been isolated from ginkgo
leaves?*. Most of these compounds can be categorized into
four groups: Flavones, flavonols, biflavonoids and catechins®.
Ginkgo flavones mainly include apigenin, luteolin and
chrysin. Ginkgo flavonols contain quercetin, kaempferol and
isorhamnetin. Biflavonoids are a class of compounds formed
by the polymerization of two flavonoid cores through
C-C bonds. A total of 13 biflavonoids, including bilobetin,
amentoflavone,  sequoiaflavone,  sciadopitysin  and
podocarpusflavone A, have been identified in G. biloba. The
catechins in G. biloba can be classified into four types:
Catechins, epicatechin, gallicacid catechins and epigallic acid
catechins and their corresponding dimers.
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Most flavonoids are present in G. biloba leaves in the
form of glycosides (such as isorhamnetin glycoside and
quercetin glycoside) and several bioflavonoids?. The
abundance of flavonol glycosides in the leaves is higher
than that of other flavonoids. Isorhamnetin, quercetin and
kaempferol are the major sources of flavonol glycosides
and are linked via rhamnose and glucose in various forms.
The mono-, di- and tri-glycanic moieties are at the C-3
position?. Other aglycones, such as syringetin and dihydroxy
methyl flavone, have also been discovered. Based on the
number of glycosyl units and species, flavonol glycosides can
be classified into the following four groups: Mono-glucose,
double glycosides, triple glycosides and acylated glycosides.
These structures of G. bilobaflavonoid ingredients are shown
in Fig. 2.

Pharmacological activities of flavonoids: There are several
clinical studies on G. biloba preparation in treating CVD and
its effects are remarkable. A systematic evaluation study in
patients with coronary heart disease found that the
combination of G. biloba preparation and Western medicine
could substantially improve the symptoms of angina pectoris
and reduce adverse reactions?®. Another study involving
1201 clinical patients systematically evaluated the ability
of G. biloba dropping pills to improve blood rheology
and lipid levels and found that the pills could
considerably improve blood lipid levels and viscosity®.
The cardioprotective mechanisms of G. biloba have been
summarized in Table 13042,

Luteolin and apigenin are the two main flavones found in
G. biloba extracts'?. Numerous epidemiological studies have
also shown that luteolin can reduce the risk of CVD by
reducing oxidative stress, protecting vascularendothelial cells,
dilating coronary arteries and blood vessels, scavenging
free radicals, stimulating blood lipid production, exerting
antihypertensive and antioxidant effects and protecting
against ischemic damage*7,

Owing to its interactions with the signal transducer and
the activator of the transcription 3 factor, luteolin can reduce
the severity of oxidized low-density lipoprotein-induced
inflammation®®. Luteolin stimulates NO production by
reducing oxidative stress* and protects venous endothelial
cells. It increases the expression of B-Cell Lymphoma 2 (Bcl-2)
and decreases the pro-apoptotic activity of Bcl-2-associated X
protein when combined with peroxidase Il. Luteolin also
ameliorates ischemia/reperfusion injury effects
patients®C.
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Flavonol and its glycosides
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Apigenin can prevent strokes’’. In addition, using
apigenin can improve heart function by reducing myocardial
infarction size®. It also decreases the number of apoptotic
cells in coronary blood flow®. Apigenin prevents the
activation of proinflammatory chemicals in H9 myoblasts and
protects the myoblasts from the effects of hypoxia and
ischemia. However, in healthy individuals, consuming large
amounts of this substance does not affect hemostatic
variables or platelet aggregation®.

Flavonols from G biloba exhibit antibacterial,
neuroprotective and antioxidant properties®. They can also
improve blood circulation. These properties can be attributed
to their ability to promote the growth and development of
certain tissues and cells, such as vascular-type scaffolds>.
In a previous study, G. biloba flavonol exhibited a
concentration-dependent vasodilation effect. Rats with an
enlarged aorticannulus reportedly showed strong contraction
after being administered 5 uM norepinephrine but exhibited
a significant decrease in contraction after administering
G. biloba flavonoids®®. Kaempferol improves the growth and
development of vascular cells and binds to the vascular
growth factor®’.

Only 5-10% of the total dietary flavonoid intake can be
absorbed in the small intestine and the remaining flavonoids
(90-95% of the total dietary flavonoid intake) will be enriched
in the lower gastrointestinal lumen and reach the millimolar
level. Flavonoid glycosides and metabolic conjugates excreted
into the intestinal lumen through bile are affected by the
intestinal microbial community®.

Therefore, in addition to the above-mentioned effects on
the systemic circulatory system, such as lowering blood
pressure and reducing blood lipid, blood glucose and
cholesterol levels, alterations in the composition and functions
of intestinal microorganisms play a key role in the pathological
development of CVD*. Gut bacteria produce specific
metabolites, such as short-chain fatty acids, branched-chain
fatty acids, aromatic acids, trimethylamine/trimethylamine-N-
oxide and secondary bile acids, which are considered to be
closely related to the occurrence of CVD®,

By comparing oral and intravenous administrations of
kaempferol in mice with collagen arthritis, it has been found
that the concentration of kaempferol and its metabolites in
the intestinal cavity after oral administration is considerably
higher than that in the blood circulation. The high level of
kaempferol in the intestine can regulate intestinal flora
and microbial metabolism, which may be related to the
anti-arthritis activity of kaempferol*®s'. Therefore, the gut
microbiota may be animportant potential target for exploring
the efficacy of flavonoids in the treatment of CVD.
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Meanwhile, although G. biloba has been shown to have
a positive safety profile in numerous randomized clinical trials,
some issues remain to be considered. For example, the effects
of certain plant components on the development of CVD are
not well known. Most studies on the use of G. biloba have
focused on its flavonoids, such as quercetin, kaempferol and
luteolin. However, the effects of other bioactive compounds
remain unknown.

Pharmacokinetics of flavonoids: Human pharmacokinetic
studies of G. biloba flavonoid components are limited.
Ude et a/% conducted a preliminary study on two healthy
volunteers to explore the plasma pharmacokinetics of
G. biloba flavonoids orally administered at 50, 100 and
300 mg concentrations. The time of maximum concentration
(Tmax Of flavonoids was 2-2.5 hrs and the elimination half-life
was 2-4 hrs. No flavonoids were detected in the plasma after
24 hrs. Guan et al®® analyzed and compared the
pharmacokinetic characteristics of G. biloba glycosides in
three different G. biloba extract preparations (drops, capsules
and tablets). The T,.., of each flavonoid was approximately
2 hrs and the flavonoids were completely undetectable 24 hrs
after a single oral administration of G. biloba extract, showing
a large distribution volume. The half-life in the plasma
(approximately 3 hrs) and the /n vivo clearance rate
(approximately 39-53 L/hrs) indicate the rapid elimination of
flavonoids from the blood. In a study, 10 volunteers, all aged
28 years, were administered a single dose of G. biloba extract.
The levels of various substances in plasma, such as quercetin
and kaempferol, were analyzed using reverse-phase liquid
chromatography. The results revealed that the substances
found in the extract were mainly excreted in urine324,

The absorption mechanism of flavonoid glycosides can
be divided into two types. Firstly, the absorption of flavonol
glucoside can be mediated by lactase-phlorizin hydrolase
(LPH) or Sodium-Dependent Glucose Transporter (SGLT1) in
the small intestine. Second, non-glucosides are poorly
absorbed in the small intestine and most of them migrate to
the colon, where they are hydrolyzed to a glycogen by colonic
microbes and then absorbed into the body.

The ability of P-glycoprotein to transport various
compounds from the interior of the cell to the
extracellular space is mediated by adenosine triphosphate
(ATP)-dependent efflux pumps. The P-glycoprotein-mediated
efflux has been identified as one of the factors contributing to
the low levels of flavonoids®. However, a previous study also
found that certain substances, such as isorhamnetin,
kaempferol and quercetin, inhibit the efflux-mediated activity
of P-glycoproteins®®. Meanwhile, fermentation by the small
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intestinal flora allows the hydrolysis and glucuronidation of
flavonoids, resulting in the formation of aglycones®.
These compounds are metabolized by the liver enzyme
UDP-Glucuronosyltransferase 1A9 (UGT1A9). Flavonoids have
low bioavailability because of first-pass effects and are
primarily absorbed as aglycones or in the form of glucuronate
or sulfate®’.

The interactions between efflux pumps and intestinal
metabolites can also contribute to the development of a
connecting barrier, which prevents the absorption of
flavonoid aglycones®®. The first-pass effect of the flavonoids
from G. biloba extractis believed to be responsible for the low
concentrations of these compounds in the oral form. The
complex components of G. biloba extract make it difficult to
determine the exact effects of a single compound on different
components. Meanwhile, the various components of G. biloba
extract can interact with each other to cause changes in its
pharmacokinetics. Therefore, it is necessary to strengthen the
clinical pharmacokinetic study of G. biloba flavonoids.

The multi-component pharmacokinetic study of G. biloba
should be based on the clinical human pharmacokinetics
study in healthy people. However, limited by ethical issues,
human pharmacokinetics experiments alone cannot fully
reflect the /n vivo exposure and processes of G. biloba
extracts. Therefore, in vitro supplement experiments and
humanized animal experiments should be combined. Based
on reducing the differences in species as much as possible,
it is necessary to objectively reflect the material basis and
pharmacokinetic characteristics of the curative effect of
traditional Chinese medicine to better guide the clinical
medication.

Some questions remain unanswered in the
pharmacokinetic study of G. biloba flavonoids. What is the
level and form of systemic exposure in the human body after
administering G. biloba extract preparations? Is it possible to
reach the concentration at which /n vitro pharmacodynamic
activity can be achieved? For gut microbiota-related targetsin
the treatment of CVD, what substances can contactand acton
the gut microbiota? In light of these knowledge gaps, further
studies are required to identify the interactions between the
bioactive components of plants and conventional herbal
products.

CONCLUSION

Aswe all know, according to the evidence available in the
literature, the use of G. biloba extract can potentially help
improve the symptoms of CVD. However, high-quality clinical
trials are necessary to confirm the effectiveness of G. biloba
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extracts. This process can help researchers and physicians
make informed decisions regarding product use. At the same
time, the transformation of flavonoids caused by intestinal
flora and the host and the targets of flavonoids for intestinal
flora and the host should be considered. The mechanism of
action of G. biloba flavonoids can be more scientifically
revealed only by comprehensively considering the
relationship among intestinal flora, host and G. biloba
flavonoids.

SIGNIFICANCE STATEMENT

This review analyzes the clinical pharmacodynamics and
pharmacokinetics of Ginkgo biloba flavonoids, thereby
providing valuable information on the cardioprotective effects
of this plant and laying a foundation for its clinical application.
It points out that the current study cannot scientifically
elucidate how G. biloba flavonoids exert their cardiovascular
therapeutic effects. The mechanism of action of G. biloba
flavonoids can be more scientifically revealed only by
comprehensively considering the relationship among
intestinal flora, host and G. biloba flavonoids.
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