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1. Introduction

Herbal products are known for their medicinal prop-
erties since the ancient years and they are still used in-
dividually or as complementary therapies to deal with
various pathological conditions. St John’s wort (depres-
sion), garlic (cardiovascular risk factors), echinacea (im-
munostimulation), cranberries (urinary infection), mis-
tletoe (cancer), peppermint (irritable bowel syndrome),
saw palmetto (prostate hyperplasia) and valerian root
(insomnia) are some of the most known herbal prod-
ucts with medicinal use.'

1.1. Ginkgo biloba

An outstanding position among herbal products
holds the Ginkgo biloba extract (GbE) which belongs to
the living fossils as its species date back to the Permian
period. In contrast to other plants and animals of that
period, Ginkgoaceae tree manage to survive along the
centuries evolving to Ginkgo biloba.? This plant comes
from China with a therapeutic history of 5000 years
when it was mainly used as an asthma, heart disease
and bronchitis remedy. Its medicinal properties may
have been known since then but it was not until 1983
that it was found out that the origin of its biological ac-
tivity is coming from its leaves and roots.*>*

1.2. Ginkgo biloba’s secondary metabolites

The main secondary metabolites of Ginkgo biloba are
terpenes, flavonoids and organic acids but carbohy-
drates, long chain hydrocarbons and lipids, inorganic
salts or complexes and other miscellaneous organic
compounds have also been reported. From all of them,
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the ones that have mostly concerned the international
bibliography because of their biological activity are:
ginkgolides, bilobalide, polyphenols, kaempferol, quer-
cetin, ginkgetin and isoginkgetin.’ The most commonly
used preparation of Ginkgo biloba is called EGb761 and
contains 24% flavonoid glycosides (mainly quercetin,
kaempferol and isorhamnetin), 6% terpene lactones
(ginkgolides and bilobalide) and no more than 5 ppm
ginkgolic acids.®

Flavonoids and polyphenols provide Ginkgo biloba
extracts with antioxidant properties mostly by reduc-
ing free radical formation and scavenging free radicals
but also by promoting the expression of antioxidant
proteins which, in turn, increase endogenous antioxi-
dant metabolites such as glutathione.””? While flavo-
noids and polyphenols can be obtained from many
other plants, ginkgolides and bilobalide, only occur in
Ginkgo biloba extracts.'

1.2.1. Ginkgolides and bilobalide. Although ginkgolides
were first isolated by Furukawa in 1932, their structure
was resolved by other scientists as Nakanishi et al,
Maruyama et al and Weinges et al who characterized
and named them as BN 52020, BN 52021, BN 52022, BN
52024 and BN 52023 (also termed as A, B, C, J and M).""
Later Wang et al proposed two new trace ginkgolides,
namely K and L,**'* and recently two more structures
of ginkgolides, named as P and Q, have been isolated
from the leaves of Ginkgo biloba.”® Ginkgolides are di-
terpenes with a structure of twenty carbon cage mol-
ecules® and bilobalide is closely related to them as a
sesquiterpene differing actually by the absence of tet-
rahydrofuran ring’ (fiture 1).
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Fiture 1. Structure of (a) ginkgolides and (b) bilobalide.

The main characteristic action of ginkgolides is their
antagonistic properties against Platelet Activating
Factor (PAF).* Until this discovery it was believed
that from all the secondary metabolites, only the
ginkgolides display this anti-PAF action. Nevertheless,
bilobalide has also been reported to interact with PAF
receptor by down-regulating its expression."

2. Platelet activating factor

Platelet activating factor belongs to the class of glyc-
eryl ether phospholipids and is characterized as 1-O-al-
kyl-2-acetyl-sn-glycero-3-phosphocholine.” PAF is one
of the most potent mediators of inflammation and a
significant signaling molecule of the immune system.
Particularly, PAF stands as the main representative of
a ubiquitous, potent and unique class of lipid cellular
mediators while it has also been considered as a hor-
mone.'®"” The name of PAF underlies a greater family of
molecules which includes a large number of PAF-struc-
turally related phospholipids as well as PAF-like activity
molecules.'®
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Apart from mammals, many other kinds of organ-
isms,'” can synthesize PAF by a great variety of cells.”
PAF exerts its biological functions by binding to a spe-
cific transmembrane G-protein coupled receptor (PAFR)
located on the plasma membrane of a wide variety of
cells.?® The interaction between PAF and PAFR initiates
a cascade of signaling pathways, translating the given
message to a cell response.?’

PAF holds an essential role in numerous biological
functions, either physiological (reproduction, hemosta-
sis, neurotransmission) or pathological (inflammation,
cardiovascular diseases, allergy).'”® Depending on the
needs of the organism, PAF can be synthesized either
by the de novo or the remodeling pathway.?** Studies
have shown that during inflammatory conditions the
de novo pathway is activated during the chronic path-
ological conditions while the remodeling pathway
is activated during acute inflammatory situations, as
a direct response of the organism.?* When PAF levels
are elevated, its actions are moderated by intracellular
PAF-specific acetylhydrolase and its circulating isoform
Lipoprotein-associated phospholipase A, (LpPLA,),%
which has been reported to have a controversial role,
acting either protectively or harmfully.?

2.1. Platelet activating factor
inhibition by ginkgolides

Ginkgolides belong to the natural specific inhibitors
and antagonize the binding to PAF's membrane recep-
tor by a competitive way. It is important to notice that
these molecules act by a high specificity as they do not
interact with any other known receptors like these of
adenosine, thromboxane, leukotriene or histamine.
Studies around the inhibitory effect of ginkgolides
have revealed that the less polar the ginkgolide is, the
better PAF antagonist gets. According to these studies,
among all ginkgolides structures, BN 52021 (B) which
has two hydroxyl groups on C1 and C3, is the one with
the most potent inhibitory effect and the best specific
PAF-inhibitor known until now.*

The mechanisms by which PAFR is activated upon
binding to an endogenous agonist, PAF, and its inactiva-
tion by an exogenous antagonist, Ginkgo biloba, where
clarified according to the 3D models of human PAFR that
were constructed. Based on these molecular dynam-
ics simulations, it was shown that the binding of PAF to
PAFR leads to its activated state,” while, the binding of
Ginkgo biloba locks PAFR in its inactive state.”®

© 2013 Eldnvikn Eraupeio. AOnpoorinpwons



112

3. Ginkgo biloba and atherosclerosis

Atherosclerosis is a chronic inflammatory disease of
blood vessels characterized by slow thickening of arte-
rial walls. In 2003 a new theory came up called "The PAF
Implicated Atherosclerosis Theory", which was a new ap-
proach to this scientific issue and managed to unify the
so far proposed theories about inflammation, oxida-
tion and response-to-retention. The above new theory
proposes an integrated biochemical mechanism and
reveals the pivotal role of the inflammatory mediator
Platelet Activating Factor (PAF) for the initiation of ather-
omatosis.?’ According to that, compounds which exert
strong inhibitory activities against PAF, such as GbE, can
prevent the initiation of atheromatosis. In addition, the
antioxidants, also found in GbE, play a significant role
in preventing —partly- LDL oxidation and therefore PAF
production.’

GbEs and mainly EGb761 have been studied for their
possible beneficial effect on atherosclerosis. The exact
mechanism by which GbEs are implicated in the disease
of atherosclerosis is not clear yet.

As far as the antioxidant activity of EGb761 is con-
cerned, it has been reported to scavenge various free
radicals,>°* which play primary role in the pathogen-
esis of atherosclerosis, considering Ginkgo biloba as a
potential anti-atherogenic factor. Other studies sup-
port the protective activity of GbEs against atheroscle-
rosis by their ability to decrease the levels of the highly
atherogenic lipoprotein (a).3*?¢ GbEs can also inhibit
vascular endothelial growth factor,*” P-selectin medi-
ated leukocyte adhesion and inflammation, while by
increasing endothelial NO production® exhibit vascu-
loprotective effects.*

Chen et al proposed potential clinical use of GbEs in
atherosclerosis taking into consideration their in vitro
protection against mechanisms of atherogenesis such
as the modulation of redox sensitive transcription path-
ways and reduction of the endothelial adhesion mol-
ecule expression, in human aortic endothelial cells.*'

Ou et al noticed the dual role of GbE, as antioxidant
and anti-inflammatory, on the amelioration of the dam-
aged condition in endothelial cells, by decreasing the
ox-LDL induced ROS generation and impairment of an-
tioxidant enzymes (SOD, catalase and glutathione per-
oxidase), the expression of adhesion molecules (ICAM,
VCAM, and E-selectin), and the adhesiveness between
human cells.*?

As atherosclerosis is an inflammatory pathological
condition, the levels of cytokines play an important role.
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When GbE was administered to atherosclerotic rats it
inhibited the expression of the pro-inflammatory cyto-
kines IL-1B and TNF-a in the brain, which are known to be
induced as secondary effect of the atherosclerotic pro-
cedure in the brain. GbE was also found to up-regulate
the expression of the anti-inflammatory cytokine IL.-10 in
the brain confirming the anti-atherosclerotic actions of
GbE through its anti-inflammatory actions.*”®

Apart from the effect of GbE alone, its combination
with an anti-atherosclerotic therapy has also been
studied in mice. In particular, the co-treatment of cilo-
stazol with GbE decreased superoxide generation, mac-
rophage infiltration and expression of pro-inflamma-
tory molecules such as VCAM-1 and MCP-1. Cilostazol
and GbE exert synergistic anti-atherosclerotic effects**
without prolonging bleeding or coagulation times.*

Tsai et al investigated how EGb761 ameliorates the
formation of foam cells in human cell lines. They pro-
posed a novel mechanism underlining the crucial role
of haem oxygenase-1 in the EGb761-mediated anti-
atherogenic property in macrophages, which reduces
lipid accumulation in foam cells via a decrease in cho-
lesterol uptake and an increase in cholesterol efflux
which is regulated by EGb761 via transcriptional down
regulation of SR-A expression and post-transcriptional
up-regulation of ABCA1 expression*® proposing a new
approach at the anti-atherogenic action of EGb761.

Last but not least, the study of Rodriquez et al reveals
the reduction of atherosclerotic nanoplaque formation
and size of eight patients after a two-month therapy
with GbE. Furthermore, superoxide dismutase activity
was up-regulated and ox-LDL, LDL and lipoprotein (a)
concentrations were decreased in the patients’ blood.
These results set a new perspective at the treatment of
atherosclerosis as well as at the regression of the athero-
sclerotic plaques.”’

3.1. Other PAF implicated pathological conditions

GbEs have been also used in a wide variety of other,
apart from atherosclerosis, pathological conditions
with promising results. The following table (table 1) dis-
plays indicatively some of these conditions where PAF
is also implicated.

4. Conclusion

All the above indicate that the use of Ginkgo biloba ex-
tracts ameliorate various pathological situations. Most
of the studies have until now underlined the antioxidant
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Table 1. Results of Ginkgo biloba use on various pathological conditions where PAF is implicated.

Pathological condition Ginkgo biloba Extracts Results
(PAF implicated)
Cognitive disorders*® EGb761 Beneficial for patients on Ginkgo biloba Extracts compared to those
(dementia, Alzheimer, on placebo according to the ADAS-cog (Alzheimer’s Disease
Parkinson’s disease, brain in- Assessment Scale cognitive) and the GERRI (Geriatric Evaluation by
jury, tinnitus) and also disor- Relative’s Rating Instrument)*
ders like depression, anxiety, GpE Improvement on several scores of patients with cerebral insufficiency
memory loss on Ginkgo biloba compared to patients on placebo®°
Neuro-protective and cognitive enhancing role in several clinical
trials for treating a variety of medical, neurologic and physiologic
symptoms®'
HIV infection®? Ginkgolic acid Inhibits HIV protease activity®>
Ginkgobilobin Suppresses the activity of HIV reverse transcriptase™
EGb761 Acts against Tat protein induced neurotoxicity*”
Bilobols and alkylsali- Bilobols can stand as a new class of protease inhibitors and alkylsali-
cylic acids cylic acids as a new inhibitory group against both against protease
and RNase H reverse transcriptase®®
Ischemia®’ Bilobalide Protects against neuronal death in global brain ischemia and in glu-
tamate induced excitotoxicity®®°
Tissue injuries® Flavonoids Stimulate the proliferative activity and increased production of colla-
gen and extracellular fibronectin of human skin fibroblast in vitro®’
Cancer® Ginkgetin Inhibits lymphocyte proliferation® and the proliferation of human

or isoginkgetin

Kaempferol

ovarian carcinoma cells OVCAR-3 via the induction of apoptosis in a
dose dependent manner®*

Inhibits DNA synthesis and growth of human breast adenocarcinoma

cell line MCF-7 cells®® and also pancreatic cancer cell growth while
it induces cell apoptosis in vitro.®® Kaempferol provides antiprolif-
erative effects in different systems based on its striking inhibition
of diverse cellular events associated with tumor pathogenesis®” and
inhibits the activity of several enzymes involved in cell growth and
signal transduction pathway including cAMP-phosphodiesterase
and tyrosine kinase® cdc25 phosphatase,®” DNA topoisomerase |l
topoisomerase | catalyzed DNA relegation,®® proline directed protein
kinase fatty acid in human prostate carcinoma cells, and myosin light
chain kinase”®

Airway diseases as asthma
and bronchitis”’

GbEs

In combination with anti-asthmatic drugs Ginkgo biloba extracts re-
duce eosinophil and lymphocyte numbers in BALF compared to the
asthmatic subgroups treated only with drugs’? and also provides im-
provement of clinical symptoms and pulmonary functions when was
orally administrated to asthmatic patients’

Allergy™

Flavonoids
BN 52021

Secondary metabolites
of Ginkgo biloba

Present a pro-apoptotic effect on eosinophils”
Inhibits human eosinophilc hemotaxis in vitro’®

Reduce eosinophil recruitment and/or eosinophilia, along with the
production of chemokines and TH2 cytokines involved in allergic
and parasitic disorders”’

role of Ginkgo biloba as the principal one for its benefi-
cial actions. However, all the aforementioned conditions
have as common the implication of PAF either in their
pathogenesis or in their progression.?' This fact drives to
the conclusion, proposed for the first time, that the ben-

eficial effects of Ginkgo biloba may be mainly exerted by
its anti-PAF/anti-inflammatory action and secondary by
its antioxidant properties. Studies around this point of
view have to be conducted in order to shed light on the
anti-inflammatory pharmaceutical use of Ginkgo biloba.
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