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PREFACE

The use of medicinal plants or natural products increased in the last
decades all over the world. One of the most popular herbal plants is Ginkgo
biloba L. because of its widespread healing effects. Ginkgo has been used by
the traditional medicine for thousands of years. It has been a sacred tree, a
symbol of yin and yang, of longevity and vitality. The Chinese had begun their
medicinal use of the tree with the seeds, but they soon added the leaves and
even the roots to their list of valuable medicinal materials. Ginkgo biloba has
been thoroughly investigated for its constituents, and a whole array of
compounds has been described. Chapter One in this book presents the basic
biological description, phylogeographic history, and the ecological
characteristics of Ginkgo biloba. Chapter Two studies the elemental
composition of Ginkgo biloba L. leaves. Chapter Three discusses different
ginkgo preparations. Chapter Four presents the results of a screening of
different crude extracts, infusions and standardized extract from the Ginkgo
biloba (Ginkgoaceae) leaves for total phenolic content, concentration of
flavonoids and in vitro antioxidant activity.

Chapter 1 - |In this chapter, the basic biological description,
phylogeographic history, as well as ecological characteristics of Ginkgo biloba
are presented. One of the four divisions within Gimnospermae is the division
Ginkgophyta. Ginkgophyta includes only the class Ginkgopsida, with the
order Ginkgoales, which, in addition to four extinct families, encompasses a
recent family Ginkgoaceae. The Ginkgoaceae family includes only one recent
genus — Ginkgo, with the species Ginkgo biloba. The diversification of this
genus began during the Jurassic and the early Cretaceous period. The first
extinction of this species started in the polar regions at the end of the Miocene.
Some parts of China have acquired the status of refugia for a “living fossil
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species” Ginkgo biloba. More scientific and common names exist for this
species; among others, Carl Linnaeus constructed its Latin name as Ginkgo
biloba. The height of Ginkgo biloba tree ranges between 20 and 30 m, with a
diameter from 50 cm to 1 m or more. Shoots are differentiated into two
distinct morphological types: long shoots with widely spaced leaves that
subtend axillary buds; and short, or spur, shoots with clustered leaves that lack
both internodes and axillary buds. The leaves have open dichotomous venation
and are wedge-shaped with a semicircular undulate margin and a middle notch
that divides the leaf surface into two halves. Ginkgo biloba is a dioecious
plant. The male reproductive structures — microstrobiles are catkin-like,
pollen-bearing cones, while the female reproductive structures -
macrostrobiles, consist of a stalk-like peduncle and a pair of ovules. In the
ovule begins the four-month long gametophyte development process, which
results in the formation of two multiflagellated motile spermatozoids. After the
egg cell formation, one of the motile spermatozoids carries out the process of
fertilization, after which it performs the complete development of seeds. The
seed coat contains three layers: sarcotesta, sclerotesta and endotesta. Ginkgo
biloba is a shade-intolerant species growing predominantly on limestone
substrates with the level of pH ranging between 5.0 and 5.5 and located at an
altitude from 100 to 1500 m.

Chapter 2 - Ginkgo preparations are mainly used for the treatment of
peripheral vascular disease or cerebral insufficiency, especially by elders.
Supraoptimal concentration of several metals e.g., Fe, Zn, Cu, Al or Mn have
toxic actions on nerve cells and neurobehavioral functioning, which can be
expressed either as developmental effects or as an increased risk of
neurodegenerative diseases in old age. Element content and composition of
ginkgo leaves are important to know exactly by using whole leaves as drug in
tea preparations or tinctures.

Macro and micro elements of ginkgo (Ginkgo biloba L.) leaves collected
from three different sites in Hungary (Europe) were analysed. Leaves were
collected from male and female trees of similar age and grown next to each
other. Leaf collection took place five times in the vegetation period (from May
to September) of three concecutive years. Leaves were dried at 30°C, and
pulverized directly before the analysis. Element composition was determined
by ICP-OES.

Well detectable differences were found among the collection sites in the
element concentrations of Al, Ca, Fe, K, Mg, Mn, Na, P, Sr, Zn. However, no
significant differences could be detected in the element composition of ginkgo
leaves over the three-year period examined. Accumulation dynamism of the
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elements was quite diverse during the vegetation period. Concentration of the
most elements increased continuously in the leaves. Concentrations of Al, B
and Ca increased rapidly at the end of summer. During the vegetation period,
concentration of Al, Ca, Mg increased by 1,5-2-fold, since content of B and Ba
was more than 3-fold higher at the end of the investigation.

Element compositions of male and female trees were compared in every
sampling time, eliminating the effect of phenophases. Significant differences
were obtained between the sexes for some elements. Concentrations of Al, Fe,
K, Na, P, Zn were higher in leaves of female trees than those in leaves of male
trees. However, concentration of Ca seemed to be higher in the leaves of male
ginkgo trees.

Chapter 3 - Ginkgo biloba L. has been used as a traditional Chinese herbal
medicine for thousands of years. Several studies have already appeared on the
ginkgo tree and its chemical constituents. As a result of the intense
pharmacological and clinical research, phytopharmaceuticals based on
partially purified ginkgo leaf extracts are how among the most sold drugs all
over the world. Although many different components contribute to the overall
pharmacological effect of ginkgo extracts, ginkgolides are considered to be
responsible for a significant part of the beneficial effects. Standardized ginkgo
leaf extracts (EGb), containing 24% flavonol glycosides and 6% terpene
trilactones, are primarily prescribed for problems associated with a poor
central and peripheral blood circulation like dementia, vertigo and tinnitus.
Ginkgo is reported to be efficient for the treatment of Alzheimer’s disease and
cardiovascular disease.

Allergenic and toxic compounds, such as ginkgotoxin and ginkgolic acids
were also found in ginkgo leaves. These constituents can be present in ginkgo
leaf teas, while they are removed from products containing the standardized
leaf extract. Recently dried ginkgo leaves are being commonly consumed on a
daily basis for their stimulant properties.

Ginkgo products are sold mainly not as medicines but as dietary
supplements due to the less strict regulation of herbal products considering
purity and potential. The pharmaceutical quality of the different ginkgo
preparations is highly depending on the chemical composition of the ginkgo
leaves, the extraction method and the dissolution rate. These all determine the
bioavailability and efficacy of the different products.

Chapter 4 - This chapter presents the results of a screening of different
crude extracts, infusions and standardized extract from the Ginkgo biloba
(Ginkgoaceae) leaves for total phenolic content, concentration of flavonoids
and in vitro antioxidant activity. Main reason for this study is the
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determination of these parameters and their variability among the plant
extracts obtained by different solvents and water infusions prepared using
different methods respectively, as well as standardized extract. Results for
total phenolic content determined using Folin-Ciocalteu reagent and expressed
in term of gallic acid equivalent, GAE (mg of GA/g of extract) ranged from
27.47 £ 0.29 to 141.60 = 0.36 mg of GA/g of extract and plant material. The
concentrations of flavonoids determined using spectrophotometric method
with aluminum chloride and expressed in terms of rutin equivalent, RUE (mg
of Ru/g of extract) ranged from 14.46 + 0.23 to 231.15 + 0.17 mg of Ru/g of
extract and plant material. Obtained results for antioxidant activity of Ginkgo
biloba extract and infusions ranged from 1408. 96 + 2.01 to 49.75 £ 0.90
pg/ml. Results for antioxidant activity and the amount of total phenolics
content and flavonoids varied according to the type of solvent used, as well as
the method of preparation of the extracts and infusion. In addition, it can be
concluded that there is a relation between the quantity of phenolics, flavonoids
and antioxidant activity. Great variability of the studied parameters was
observed comparing the effectiveness of the used solvents. The ethanolic
extracts, infusion, infusion prepared with boiled water, as well as ethanolic
solution of standardized Ginkgo biloba extract contain the greatest
concentrations of phenolics compounds, especially flavonoids and showed
high antioxidant activity. According to the authors’ research, leaves from
Ginkgo biloba are rich sources of phenolic compounds with strong antioxidant
activity.
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Chapter 1

BIOLOGY AND ECOLOGY OF
GINKGO BILOBA L. (GINKGOACEAE)

Milan S. Stankovi¢
Department of Biology and Ecology, Faculty of Science,
University of Kragujevac, Kragujevac, Republic of Serbia

ABSTRACT

In this chapter, the basic biological description, phylogeographic
history, as well as ecological characteristics of Ginkgo biloba are
presented. One of the four divisions within Gimnospermae is the division
Ginkgophyta. Ginkgophyta includes only the class Ginkgopsida, with the
order Ginkgoales, which, in addition to four extinct families,
encompasses a recent family Ginkgoaceae. The Ginkgoaceae family
includes only one recent genus — Ginkgo, with the species Ginkgo biloba.
The diversification of this genus began during the Jurassic and the early
Cretaceous period. The first extinction of this species started in the polar
regions at the end of the Miocene. Some parts of China have acquired the
status of refugia for a “living fossil species” Ginkgo biloba. More
scientific and common names exist for this species; among others, Carl
Linnaeus constructed its Latin name as Ginkgo biloba. The height of
Ginkgo biloba tree ranges between 20 and 30 m, with a diameter from 50
cm to 1 m or more. Shoots are differentiated into two distinct
morphological types: long shoots with widely spaced leaves that subtend
axillary buds; and short, or spur, shoots with clustered leaves that lack

" E-mail address: mstankovic@kg.ac.rs.
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both internodes and axillary buds. The leaves have open dichotomous
venation and are wedge-shaped with a semicircular undulate margin and a
middle notch that divides the leaf surface into two halves. Ginkgo biloba
is a dioecious plant. The male reproductive structures — microstrobiles are
catkin-like, pollen-bearing cones, while the female reproductive
structures — macrostrobiles, consist of a stalk-like peduncle and a pair of
ovules. In the ovule begins the four-month long gametophyte
development process, which results in the formation of two
multiflagellated motile spermatozoids. After the egg cell formation, one
of the motile spermatozoids carries out the process of fertilization, after
which it performs the complete development of seeds. The seed coat
contains three layers: sarcotesta, sclerotesta and endotesta. Ginkgo biloba
is a shade-intolerant species growing predominantly on limestone
substrates with the level of pH ranging between 5.0 and 5.5 and located at
an altitude from 100 to 1500 m.

Keywords: Ginkgo biloba, Ginkgoaceae, Mesozoic endemorelict, “living
fossil species”

INTRODUCTION

Ginkgo biloba (Ginkgoaceae) — ginkgo, ginko, silver fruit, silver peach or
maidenhair tree is a plant known in science and practice for several reasons. It
represents both an endemorelict species and a famous plant in folk and modern
medicine. A number of specific characteristics distinguish this species in the
field of systematics, evolution, phylogeography, as well as in terms of
morphology, anatomy and reproduction. The first fossil finds indicate its
origin from the Mesozoic — early Jurassic, approximately 180 mya, while the
related extinct species originate in the Paleozoic — approximately 280 million
years ago. On this basis, Ginkgo biloba is described as a “living fossil”.
Ginkgo biloba is witness much of the history of plants and animals, movement
of the Earth's continents, as well as of the evolution of Man. The Ginkgo
biloba history of distribution is divided into two periods; namely after a
circumpolar distribution in the Northern Hemisphere, the areal was reduced to
a few populations on the refugial habitats in the territory of China, where this
species survived into the Pliocene and Pleistocene epochs. Some
morphological characteristics and the specificity of the reproductive process
indicate its evolutionary primitivity. This species is characterized by a series of
archaic biological traits, like leaf shape, structure, as well as dichotomous
venation of leaves, differentiation of shoots, reproduction, multiflagellated
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motile spermatozoids, lack of dormancy. Ginkgo biloba is a species resistant
to different biological, chemical and physical stress. Many attacks of
phytopathogenic parasites and pests as well as pollution and nuclear radiation
do not diminish the vitality of the species in question which is why it is
regarded to be higly convenient for cultivation in city parks or for tree alleys
on busy city streets. Some specimens that have remained intact after the
nuclear bombing of Hiroshima, prove the resistance of this plant species to
harmful impacts [1-6].

Due to the religious cults of Ginkgo biloba in Buddhism and
Confucianism, this plant has been cultivated in China, Japan and Korea for a
very long time. This is proven by the existence of more than 1000 years old
Ginkgo biloba trees located in the temple courtyards. Worldwide
anthropogenic distribution of this species began 300 years ago. Consequently,
Ginkgo biloba is an object of research in many areas of biological science. The
initial use in ancient Chinese medicine has been extended to the planetary use.
Ginkgo biloba is well-known as edible and medicinal plant. It represents a
source of bioactive compounds with different biological and therapeutic
effects [4, 7, 8].

This chapter contains the biology and ecology of Ginkgo biloba, as well as
the description of its evolutionary history. The section about biological
characteristics elaborates on its taxonomic and systematic status, the
phylogeny of the family and the genus of this plant species, as well as the
nomenclature and the origin of the scientific name and the common names
from an aspect of etymology. In the next part of the chapter about biology, the
habitus of this plant species is described in detail (root, stem, branching, shape
and venation of leaves, strobilus and seeds), as well as the reproduction
process and specificity of growth and development. A representation of
ecological characteristics of Ginkgo biloba encompasses endemic and relict
status of this plant, biogeographical history of distribution, including a
description of natural habitats, from the aspects of temperature, water, and
light regimes and dispersion of seeds — zoochory.

SYSTEMATICS AND EVOLUTIONARY HISTORY

Seed plants — Spermatophytes (Phanerogams or Phenogamae), include
Gimnospermae with divisions (phylums) Cycadophyta, Ginkgophyta,
Coniferophyta and Gnetophyta, as well as Angiospermae (flowering plants)
with Monocotiledones and Dicotiledones (Figure 1). The main characteristic
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of Gimnospermae (gymnos: naked + sperm: seed) is the absence of carpel
layer around the ovule at the time of pollination, because ovules are located on
megasporophylls. The other characteristic is that Gimnospermae are
nonflowering plants [9]. In addition to well-known conifers, other taxa within
Gimnospermae are characterized by a large number of specificities, from
biological characteristics to diversity and distribution.

/ Cycadophyta

< Ginkgophyta

i Pinophyta
Gnetophyta

Gymnospermae

Spermatophyta

7
~

Figure 1. Phylogenetic relationships of Spermatophyta taxons.

Angiospermae

One of the four divisions within Gimnospermae is the division
Ginkgophyta. Ginkgophyta represents a significant division, particularly with
respect to its extinct and recent taxa. As it has been significantly reduced in
terms of quantity in recent times, monotype groups became the corresponding
lower taxa (higher taxon includes only one next lower taxon). Lobed leaves
with dichotomous venation, dioecy, motile sperm, long and short shoots, seeds
with fleshy seedcoat (sarcotesta), etc., are the main biological characteristics
that distinguish extinct and recent representatives. Based on the fossil record,
the history of the Ginkgophyta taxons began in the early Mesozoic Era,
although the earliest evidence was found in the Permian (the last Period of
Paleozoic Era). The rise of diversification took place during the Jurassic with
peaks during the Cretaceous. The origin and evolutionary-phylogenetic history
of this taxon are not thoroughly understood. It is noticeable at first glance that
Ginkgophyta do not have morphologically related taxa. The specificity of
morphology and mode of reproduction is reflected back in an attempt
classification of taxa, with insufficiently specified ancestors and relatives.
Based on this inference, this taxon is classified into the division (phylum)
Ginkgophyta, which together with phyla Cycadophyta, Pinophyta and
Gnetophyta comprises the Gymnospermae group.

The complex multilevel analysis which is based on the fossil record of the
earliest origins from the Paleozoic, their morphology, the reconstruction of
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habitus, the structure of reproductive organs and on the recent molecular
studies, confirms the current phylogenetic position of this taxon. Additionally,
some important characteristics with a systematic value indicate similarity,
whereas some features distinguish  Ginkgophyta from the other
Gymnospermae groups. The structure of the reproductive organs, the
characteristics of gametophyte and motile sperm cells indicate similarities with
Cycadopsida, while the substantial difference is reflected in habitus.

The cross section anatomy of this species bears similarities to the cross
section anatomy of Conifers, but the structure of reproductive organs and
multiflagellated sperm cells confirms a significant difference. The modern
genome analysis indicates that the difference between Ginkgophyta and
Conifers is much greater in relation to the difference between Ginkgophyta
and Cycadophyta, which confirms a degree of phylogenetic relatedness [4].
Taking account of what was previously proven, it is determined that the group
Pteridospermatophyta (seed ferns), and most probably its order
Peltaspermales, represents the ancestor of the order Ginkgoales [10].

The division Ginkgophyta includes only the class Ginkgopsida, with only
one order — Ginkgoales, which, furthermore, encompasses a recent family
Ginkgoaceae, in addition to four (Karkeniaceae, Umaltolepidiaceae,
Yimaiaceae and Schmeissneriaceae) extinct families (Figure 2). The
phylogenetic relationships within the class Ginkgopsida and both the evolution
and phylogeny of the order Ginkgoales are very questionable. The main
reasons are the heterogeneity of the fossil record and the leaf heterophylly
within the same species, which cause incomplete classification of some lower
fossil taxa within the group. However, the taxonomic significance of ovulate
organs largely enables the phylogenetic reconstruction and the positioning of
this taxon [5].

Ginkgoaceae family includes only one recent genus — Ginkgo and nine
extinct genera (Baieroxylon, Cheirophyllum, Chiropteris, Ginkgoites,
Ginkgordium, Ginkgopitys, Phoenicpsis, Polyspermophyllum and Trichopitys).
Based on current paleobotanical research, the genus Ginkgo is differentiated
into eleven species among which Ginkgo biloba is recent and the others
(Ginkgo adiantoides, Ginkgo apodes, Ginkgo cranei, Ginkgo digitata, Ginkgo
dissecta, Ginkgo gardneri, Ginkgo ginkgoidea, Ginkgo huolinhensis, Ginkgo
huttonii and Ginkgo yimaensis) are extinct fossil species (Figure 2 and 3).

The fossil remains of the vascular system and leaves from the oldest
Ginkgophyta representatives dating back to the early Permian (approximately
298-252 million years ago) period — Paleozoic Era [11], are not systematically
verified due to the absence of the associated reproductive organs. Over a
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period of diversification, a larger number of Ginkgopyta species were widely
distributed, mostly in the Northern Hemisphere. During the long period of
existence, the order Ginkgoales consisted of the species from both existent
Ginkgoaceae family and other, extinct families: Karkeniaceae,
Umaltolepidiaceae, Yimaiaceae and Schmeissneriaceae [12].

Division Class Order Family Genus Species

Ginkgo biloba

T Ginkgo adianteides

T Ginkgo apodes

T Ginkgo cranei

T Ginkgo digitata
Ginkgo T Ginkgo dissecta

T Ginkgo gardneri

T Ginkgo ginkgoidea

T Ginkgo huolinhensis

T Ginkgo huttonii

Ginkgoaceae T Ginkgo yimaensis

TBaieroxylon

Ginkgophyta | Ginkgopsida Ginkgoales tCheirophylium

T Chiropteris

TGinkgoites

T Ginkgotdium

TGinkgopitys

TPhoenicpsis

TPolyspermophylium

TIrichopitys

TKarkeniaceae

TUmaltolepidiaceae

TYimaiaceae

TSchmeissneriaceae

Figure 2. Systematics of Ginkgophyta, recent and extinct taxa are included
(t - extinct taxons).

With the advent of the first fossil record of the reproductive organs from
the Early Jurassic (180 million years), the presence of representatives from the
Ginkgo genus was definitely confirmed.

Apart from Ginkgo species, the family Ginkgoaceae encompassed a total
of ten genera in its history [3].
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Figure 3. Temporal distribution of the existance of Ginkgo and related genera
(P — Paleozoic; M — Mesozoic; C — Cenozoic; P — Permian; T — Triassic; J — Jurassic;
C — Cretaceous; Pa — Paleogene; N — Neogene; Q — Quaternary).

The first representative of the Ginkgo genus described on the basis of the
fossil findings from Henan — China is extinct Ginkgo yimaensis (Figure 4)
with a distinctly notched leaves and small owvules, very different in
comparision with recent Ginkgo biloba and related species [2, 13]. Another
described fossil species from this genus is Ginkgo adiantoides,
morphologically (due to the morphology of leaves and generative organs) very
similar to Ginkgo biloba. The similarities indicate the close affinity between
these two species. Ginkgo adiantoides existed from the Cretaceous until the
end of the Tertiary (now the Pliocene in the Neogene). The species from the
Ginkgo genus and other genera of the family Ginkgoaceae were very
numerous as forest communities across the Northern Hemisphere [2].

The diversification of this genus began during the Jurassic and the early
Cretaceous period in the Mesozoic Era, mainly in the area of the Northern
Hemisphere. However, bearing in mind the position of the Earth's continents at
the beginning of the diversification, it is inferred that it was the territory of
Laurasia. The fossils discovered all over the world prove this fact, but there is
no data about the distribution in the Equatorial regions [7]. The period of
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intense and broad diversification (120 million years ago) is the end of the
Mesozoic (the Cretaceous) and the beginning of the Cenozoic (the early
Paleogene) Era [14].

Figure 4. Ginkgo yimaensis: the appearance of a short shoot with macrostrobiles and
deeply divided leaves — reconstruction based on fossil data.

The first early extinction was noticed among the fossil record of the late
Cretaceous (98-65 million years ago). These fossil remains provided evidence
of the extinction of the species Ginkgo huolinhensis, as well as of the
reduction of diversity and distribution of other species of this genus [15].
Furthermore, the fossil remains indicate that during the Palaeocene, in the
territory of the Northern Hemisphere, just a few other species, such as Ginkgo
cranei and Ginkgo adiantoides, existed. The extinction of the species
continues during the Tertiary (now the Paleogene and the Neogene), where the
significant progress of extinction was observed during the Oligocene (38-26
million years ago). The last fossil remains of the Ginkgo species were found at
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the end of the Pliocene (5.3-2.5 million years ago). During this period the areal
of Ginkgo biloba reduced drastically in size so that it now covers only a small
part of the territory of China. All the fossils from the Tertiary and from the
early Pleistocene were found in East Asia, on the teritory covered with the
current Ginkgo areal [16]. The last known fossil remains from the period of the
Pleistocene were found on the southwestern territory of Japan. The first
extinction of the Ginkgo biloba species in the northern areas commenced
during the Miocene. Moreover, it is proven that the species died out on the
territory of North America at the end of the Miocene Epoch, whereas the utter
extinction on the Continent occurred at the end of the Pliocene [17].

The main reason for the extinction and the reduction of the number of
Ginkgophyta species is the drastic annual temperature decrease that occurred
prior to the Ice Age. The sensitivity of these species is regarded to be the cause
of their early extinction. This is confirmed in the studies proving that not a
single species of Ginkgo genus existed during the Pliocene in Europe. The
climate regime changes, particularly the temperature drop with polar and
alpine ice progression in the Pleistocene era, caused alterations in the diversity
and distribution of wildlife, primarily in the northern continental parts such as
North America, northern Europe and extremely severe parts of Asia [18]. The
important floristic changes are the result of historical moments such as the
withdrawal of species due to the spread of the ice sheets, temperature
fluctuations (glacial and interglacial periods), and in the end, the
recolonization of species during the postglacial period. Certain species were
forced to extinction at the beginning, during and after the ending of the glacial
period due to their either partial or total resistance to temperature variations
[5]. The spatio-temporal dynamics of the Ice Age was with some variations in
the Western Asia. Namely, certain areas such as parts of the territory of China,
were protected from the direct influence of the Ice Age, and have thus gained
the status of refugia [19-22].

A number of the Tertiary species have been successfully preserved from
extinction in refugial habitats [23]. Their main characteristic is offset by the
effect of the Pleistocene Ice Age.

The resistance to temperature fluctuations and the preservation of both
species and habitats in refugia on the territory of China are the main reasons
for the current existence of a “living fossil” Ginkgo biloba [3]. In a review of
the chorology dynamics, the general life history of the Ginkgophyta species,
from the Permian to the present day, is very different. For some species, the
Pliocene and the close previous periods are the periods of the total
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disappearance, but for Ginkgo biloba these were the periods of sharp reduction
in both distribution and habitation in glacial refugia [3, 24].

Specific historical moments and the biology of Ginkgo biloba are the
reasons for this species with both endemorelict status (Mesozoic relict) and
status of a witness of the seed plant and human evolution to survive to the
present day [5, 25]. Based on this, Ginkgo biloba was included in the IUCN
Red List of Threatened Species.

Because they provide a survival of this plant, the refugial habitats of
Ginkgo biloba in China are widely studied from different aspects, such as
molecular ecology, phytosociology, vegetation history, paleobotany,
conservation ecology as well as anthropogenic distribution of Ginkgo biloba
etc. In order to clarify the distribution history of Ginkgo billoba, genetic
comparisons with a larger number of samples taken from different locations
were made [3].

Figure 5. Positions of refugial habitats of Ginkgo biloba in the territory China,
(1 — Mt. Jinfo, Chongging; 2 — Mt. Dalou, Guizhou and Sichuan; 3 — Wuchuan,
Guizhou; 4 — Mt. Dahong, Hubei; 5 — Mt. Tianmu, Zhejing).
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According to the numerous biological and environmental studies, the
natural sites of Ginkgo biloba, proven as refugia of these Mesozoic
endemorelict species in Southwest China (Figure 5) are: Mt. Jinfo —
Chongging, Mt. Dalou — Guizhou and Sichuan, Wuchuan — Guizhou, Mt.
Dahong — Hubei, Mt. Tianmu — Zhejing [6, 8, 26-34]. The recent genetic
research pointed out the questionable status of the natural origin of some
glacial refugia [8].

ETYMOLOGY

The existence of diverse scientific and popular names for Ginkgo biloba
indicates the interest for this species in science and practice. German physicist
and botanist Engelbert Kaempfer (1651-1716) was the first to publish a
description and the name of this species. During his two-year stay (1690-1692)
in Japan, Kaempfer dealt with medicinal plants of Japan (“Flora Japonica”,
published as part of the “Amoenitatum exoticarum”, Lemgo 1712), and with
history of Japan (“History of Japan”, 1727). Ever since that time, Ginkgo
biloba was very well-known and respected in Japanese religion. Kaempfer
first encountered this plant during a visit to Nagasaki Buddhist temple, at the
beginning of the 1691. Then he recorded the description of this plant with the
name Ginkgo as the first European in the history of the nomenclature of this
species to do so. Below is his original Latin text and illustration as published
in this work (5" volume, page 811-813). During the visit, he brought a few
seeds of Ginkgo biloba and planted them in the Utrecht botanical garden, thus
making it the first exemplar transferred from the East to Europe [35]. In 1771,
Carl Linnaeus (1707-1778) constructed the Latin name based on the principles
of binomial nomenclature with the old hame “Ginkgo” for genus name and an
epithet “biloba” (Figure 6) as a description of leaf (Latin: bis, bi — two + loba,
lobed). Ginkgo biloba L. is, therefore, the official name in botanical
literature [36].

On the basis of the description from British botanist Richard Anthony
Salisbury (1761-1829), James Edward Smith (1759-1828) constructed the
name of this species in 1979 as Salisburia adiantifolia Smith (due to the
similarities with fern leaf from genus Adiantum — maidenhair ferns). John
Gudgeon Nelson named the species in 1866 (1818-1882) as Pterophyllus
salisburiensis J. Nelson. Even though both names are synonymous neither one
is in official use [37, 38]. In analyzing the life history and relict traits, Charles
Darwin (1809-1882) called this species “a living fossil” [1]. The common
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name is different in various countries: in English, the name is most similar to
the botanical name — Ginkgo tree or Maidenhair Tree, in Chinese: bai gud —
white fruit, yinxing — silver apricot, yinguo — silver fruit, in Japanese: ginnan,
in Korean: eunhaeng, in Polish: Mitorzab dwuklapowy, in German: Alterer
Ginkgobaum, in Russian: 'makro, in Serbian: I'uako, in Spanish: albaricoque
plateado, and in French: L’Arbre aux quarante écus or 1’Abricotier d’argent
etc. Variant spellings include ginko and gingo.

Figure 6. Typical appearance of Ginkgo biloba leaf.

MORPHOLOGY

The height of Ginkgo biloba tree is in the range from 20 to 30 m, whereas
in the case of some very old specimens, the height varies between 40 and 50m.
The crowne form varies depending on plant age: the crown of very young
plants (Figure 7) is unintegrated and moderately branched, and is later to
acquire a conical shape, while old specimens form a moderately oval crown,
with a well integrated structure. The main branch of the central tree is
branched depending on the light regime (Figure 8 and 9). The diameter of the
tree also varies depending on the age, from 50 cm to 1 m, and in the case of
some very old individuals the diameter ranges between 3 and 5 m. Ginkgo
biloba individuals are very well rooted with a well-branched mycorrhizal root
system, which provides exceptional stability on highly degraded and steeper
habitats. A stable ground part and a strong stable canopy combined with a
strong root allow individuals good resistance to winds and retention of snow
during winter. Due to the exceptional stability of habitats and the resistance of
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the species to various parasitic attacks, Ginkgo biloba can have a long life span
of 1.000 or 2.000 years.

Figure 7. Ginkgo biloba — a young plant.

Figure 8. Branching of the central tree.
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Older Ginkgo biloba individuals are characterized by the phenomena of
sprouting from embedded buds in the basal part of the trunk. This process of
sprouting results in the development of lignotubers. In some cases, several
lignotubers can be differentiated from the main trunk. Lignotubers have
positive geotropic orientation. After the initial phase of thickening of the main
trunk, lignotubers can be observed below the surface of the substrate. Apart
from lignotubers, there is another type of specific vegetative formation called
aerial root. Aerial roots develop at a certain height from the substrate, growing
positively geotropic to the surface of the substrate. When it comes to older
individuals, aerial roots support large lateral branches. Upon touching the
ground surface, these roots form lateral shoots.

Figure 9. Ginkgo biloba — a mature plant.
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Figure 10. Surface of Ginkgo biloba stem bark.

The wood structure of Ginkgo biloba is similar to the structure of
coniferous trees. Older individuals have a thickened and cracked stem bark
(Figure 10). Regardless of a certain similarity to conifer species, one of the
inherent differences is the impossibility of resin formation due to the absence
of resin canals. Ginkgo biloba shoots can be differentiated into two distinct
morphological types: long shoots with widely spaced leaves that subtend
axillary buds and short shoots, or spurs, with clustered leaves that lack both
internodes and axillary buds (Figure 11). Long shoots are responsible for the
development of the basic framework of the tree and generation of new
growing points, while the short shoots produce the majority of leaves and
reproductive structures [2].
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Figure 11. Ginkgo biloba long shoot (a) with short shoots (b).

The comparative histological analysis confirmed the difference in
structure between these two groups of Ginkgo biloba shoots. The shoot
differentiation enables both characteristic branch formation and even and
dense leaf distribution on the branches. External changes, such as injuries, can
induce a transformation of short shoots. The formation of long and short
shoots was first recorded in the fossil Ginkgo species. Ginkgo biloba is a
deciduous plant. Its leaves develop in spring from buds that are well protected
with bud scales. In autumn, in a very short period of time, the leaves become
yellow and drop.

Apart from numerous distinctive features, the leaf structure and shape
represent important specific characteristics of this species. The leaves are
wedge-shaped with a semicircular undulate margin and a middle notch, of a
variable length, that divides the leaf surface into two halves. The length of the
petiole varies from 5 to 10 cm, whereas the whole leaf length ranges from 5 to
15 cm. The petiole is thin and very flexible. A specific leaf form is the reason
for the epithet in the binomial species name: “biloba” (Latin: bis, bi — two +
loba, lobed).

The differentiation of shoots of Ginkgo biloba induces the differentiation
of the leaf form. The leaves that develop on long shoots have a leaf central
notch of different length, while the leaves on short shoots have no notch. The
comparative analysis of the fossil remains suggests that the leaves of Ginkgo
species tended to increase the integrity of the leaf surface, from the species
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with more highly dissected leaves such as Ginkgo yimaensis to the species
with the entire leaf surface or with just one notch such as Ginkgo adiantoides
or Ginkgo biloba. In addition to the size variability — anisophylly, there is high
variability in shape — heterophylly (Figure 12).
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Figure 12. Heterophily of Ginkgo biloba leaves.

Leaf heterophylly is conditioned by several factors and can occur in
several different forms. Apart from the type of shoots, plant age has an impact
on the level of leaf shape variability. Based on these findings, the shoots of a
very young individuals develop leaves with a few notches, similar to the
leaves of ancestral species, thus representing an example of the theory:
ontogeny recapitulates phylogeny. In addition to the plant age and type of
shoots, ecological conditions, mostly light, induce leaf heterophylly [39].
The leaves are hypostomatic — most of the stomata are located on the abaxial
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leaf side, while the rest is located on the adaxial side. Another peculiarity of
the Ginkgo biloba leaf is reflected in the open and dichotomous type of
venation (Figure 13).

Figure 13. Dichotomy venation of Ginkgo biloba leaf.

REPRODUCTION

Ginkgo biloba is a dioecious plant with male and female organs forming
on different plants. Some 20 to 30 years are necessary for this species to
achieve the full maturity. During this period, the gender of a specimen is not
known. The ratio of male and female individuals in the wild population varies
due to the impacts of several factors: in healthy undisturbed populations ratio
is 1:1 and can vary up to 3:2. Simultaneously with the development of leaves,
male and female reproductive organs or micro- and macrostrobiles develop
from short shoots. As is the case with anemophilous plants, Ginkgo biloba is
effectively pollinated prior to the full leaf development. The maximum
distance of pollen distribution is not exactly defined, but bearing in mind the
characteristics of anemophilous plant species, it is possible that it is a great
distance. This possibility is even more justified with the fact that some female
plants are pollinated without the existence of very close male plants.

The male reproductive structures — microstrobiles (Figure 14), develop on
short shoots of male plants. Microstrobiles are catkin-like, pollen-bearing
cones, with a flexible axis, from 5 to 10 cm long, and with stalk-like
microsporophylls, each of which bears an apical pair of elongate, pendulous
microsporangia.
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After the opening of microsporangia, the mature pollen grains are blown
by wind (i.e., anemophily). When the process of the pollination is completed,
the microstrobiles fall off, while the leaves continue to develop. The ripening
and the opening of microsporangia and consequently, the dissipation of pollen
grains depend on the climatic conditions and occur most commonly in the
period from the beginning of April to the end of May. One short shoot can
develop several microstrobiles, most often from 3 to 10, each of which
produces from 30 to 50 microsporangia. The comparative studies of the
Ginkgo biloba pollen morphology suggest similarities with the pollen of the
Cycas species; however, there are differences in the structure of the pollen
exine.

Figure 14. Short shoot of male Ginkgo biloba plant with pollen bearing cones.
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The female reproductive structures — macrostrobiles (Figure 15), develop
on short shoots of female plants. Macrostrobiles consist of a stalk-like
peduncle, whose length varies from 3.5 to 4 cm, and a pair of ovules, usually
each up to 2 or 3 mm long. One short shoot of female plant can develop 4-6
macrostrobiles. In most of the cases, only one ovule develops after the
insemination.

Figure 15. Short shoot of female Ginkgo biloba plant with ovules.

However, seldom do both ovules of a pair develop simultaneously. In the
case of some extinct species, there were more ovules in one peduncle. When
the ovule is receptive, it secretes a small droplet of mucilaginous fluid from its
micropyle whose function is to capture airborne pollen. The retraction of this
droplet at the end of the day brings the pollen into the pollen chamber. In the
ovule begins the four-month long gametophyte development process, which
results in the formation of two multiflagellated motile spermatozoids, only one
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of which fertilizes a waiting egg cell. The similar characteristics of
reproductive organs are noticeable in the Cycas species [2, 40]. The existence
of a motile sperm was first proved in 1894 by Sakugoro Hirase who
researched the process of fertilization on the Ginkgo plant in the Botanical
garden of the University of Tokyo.

What follows after the formation of megaspore and divisions in the
nucellus of ovule, is the creation of gametophyte and decrease of the volume
of nucellus. The apex of the gametophyte forms two archegonial cells, after
which the membrane of the megaspore allows the contact of the nucellus with
the chamber by means of apical resorption. After the egg cell formation, a
sperm fertilizes an egg cell and one of the motile spermatozoids carries out the
several-months long process of fertilization. In some cases, the embryo
continues its development even after the seed drops from the tree.

Figure 16. Short soot of female Ginkgo bloba plant with mature Ginkgo biloba
ovules — seeds.

During the process of further development, the growth of the ovules
continues until they reach from 2 to 3 cm in diameter (Figure 16). Their seed
coats, differentiated during the formation of the ovules, consist of a soft, fleshy
outer layer (the sarcotesta), a hard, stony middle layer (the sclerotesta), and a
thin, membranous (the endotesta) inner layer (Figure 17). In the developmental
phase, the ovules are green, with stomata on the surface, whereas in the post-
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maturation phase, they turn yellow. The Ginkgo mature ovule (seed) releases
an unpleasant odor due to the presence of volatile compounds in sarcotesta
such as butanoic and hexanoic acids. The mature seeds are distributed by
animals — Ginkgo biloba is zoochorous species. The presence or absence of
sarcotesta significantly determines the beginning of seed germination [41].

Figure 17. Ginkgo biloba seed with sarcotesta (a), with sarcotesta removed (b) and
with sclerotesta and endotesta desintegrated (c).

EcoLoaGgy

In addition to the three hundred years old wild and half-wild populations
in China, the Ginkgo biloba species grows in many different climates, on
different substrates and under different water and temperature regimes. The
adaptability of this species enables its world-wide cultivation. Furthermore,
the adaptation of natural populations to the environmental factors can be
determined by means of analysis of both a small nhumber of natural habitats in
China and of the fossil records. The analysis of ecological conditions in the
habitats of natural populations in China suggests that Ginkgo biloba
predominantly grows on limestone substrates, with pH from 5.0 to 5.5 and at
an altitude from 100 to 1500 m. The data obtained from in-depth analysis of
the fossil remains show riparian habitats as predominant environment of the
species in question. Ginkgo biloba is characterized as a shade-intolerant
species due to the fact that it grows in sunny habitats [6, 42]. The stable root
system, the secondary and aerial roots and the resistance of the species to
parasites enable its good adaptability.

In addition to growth and development, the temperature is one of the
important factors that determine the dynamics of pollination and seed
germination. This is clearly visible if the time required for these processes in
different climates is taken into account. In warm climates, the pollination lasts
from March to April, the seed abscission occurs in September and the
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germination takes place in March of the following year. In colder climates, the
pollination happens in May, the seed abscission in October and November,
while the germination takes place in June next year. Similar variability is
observed at increasing altitude at which the plant grows and develops [43].

The floristic composition of the habitats in which Ginkgo biloba survived
to the present day, may largely reflect the environmental conditions
particularly favourable for this species. The flora of Dalou Mountains belongs
to the Sino-Japanese floristic region, while the climate is subtropical — humid
and warm. Other conditions such as the annual rainfall ranging from 1270 to
1400 mm, the average annual temperature varying from 13 to 15.3°C, with
average monthly minimum from 1.8 to 4.5°C in January and a maximum from
22 to 25.1°C in July, as well as average annual humidity of 80% correspond to
the subtropical monsoon area [6].

The following list of woody species was recorded on the same site and
show similarities with the floristic composition of Ginkgo biloba fossil
habitats: Liquidambar formosana Hance, Cunninghamia lanceolata (Lamb.)
Hook., Taxus wallichiana var. chinensis (Pilger.) Florin, Lindera megaphylla
Hemsl., Cyclobalanopsis glauca (Thunb.) Oerst., Cornus controversa Hemsl.,
Choerospondias axillaris var. pubinervis (Rehd. et Wils.) Burtt et Hill,
Juglans cathayensis Dode, Celtis biondii Pamp., Quercus aliena BI.,
Cinnamomum wilsonii Gamble, Machilus nanmu (Oliv.) Hemsl., Sapium
sebiferum (L.) Roxb., Acer laevigatum Wall., Prunus dielsiana (Schneid.) Y
et Li, Tilia tuan Szyszyl., llex micrococca Maxim., Diospyros cathayensis
Steward, Corylus chinensis Franch., Osmanthus yunnanensis (Franch.) P. S.
Green, Michelia martini (Lévl.) Lévl., Salix hypoleuca Seemen, Mallotus
apelta (Lour.) Miell. Arg., Ficus henryi Warb. ex Diels, Cupressus funebris
Endl., Castanopsis tibetana Hance, Hovenia acerba Lindl., Aphananthe
aspera (Thunb.) Planch., Tapiscia sinensis Oliv. and Emmenopterys henryi
Oliv [6].

In relation to the biotic factors, the influence of animals is very important.
When it comes to this species, endozoochory represents the usual mode of
seed dispersal. The juicy and nutritious sarcotesta makes Ginkgo biloba seeds
appropriate for regular consumption by mammals. Consequently, mammals,
via their ingestion, disperse seeds.

The paucity of fossilized Ginkgo seeds has not deterred speculation as to
what animals might have dispersed seeds over the course of its long evolution
[2]. Some evidence suggests that it could be some dinosaur species, the first
bird species, as well as Multituberculata — the species of mammalian rodents.
The studies of the Ginkgo seed distribution confirmed that zoochoric animals
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are: leopard cat (Felis bengalensis, Felidae) and masked palm civet
(Paguma larvata, Viveridae) in China, and raccoon dog (Nyctereutes
procyonides, Canidae) in Japan. Moreover, local squirrel species (family
Sciuridae) can distribute seeds in the wild populations as well as in
plantations.

Due to the worldwide distribution, the Ginkgo biloba species is confirmed
to be extremely beneficial in the domains of pharmacy and medicine. Apart
from medicinal application, the species found its place in the field of
horticulture. Therefore, it is easily inferrable that the anthropogenic factor, as
one of the biotic factors, generally has a favourable effect on this species.

CONCLUSION

Ginkgo biloba (Ginkgoaceae) — ginkgo or maidenhair tree is a plant
known for many specificities in terms of biology, ecology and application.
This species is the only living representative of the monotypic
gymnospermous genus Ginkgo, as well as of monotypic family Ginkgoaceae,
order Ginkgoales, class Ginkgopsida, and the division Ginkgophyta. In
addition to the presented isolated phylogenetic position and ancient lineage,
distinctive morphology and reproduction are the reasons for naming this
Mesozoic endemorelict species as “living fossil” and registration in the IJUCN
Red List of Threatened Species. Widely distributed, the species represents the
source of various types of application in different fields such as pharmacy,
medicine and horticulture thus confirming, that in general terms,
anthropogenic factor favourably influences the species.
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Chapter 2

ELEMENT COMPOSITION OF
GINKGO BILOBA L. LEAVES

Noémi Koczka'" and Eva Stefanovits-Banyai’
Institute of Horticulture, Szent Istvan University, G6do116, Hungary
“Department of Applied Chemistry, Corvinus University of Budapest,
Budapest, Hungary

ABSTRACT

Ginkgo preparations are mainly used for the treatment of peripheral
vascular disease or cerebral insufficiency, especially by elders.
Supraoptimal concentration of several metals e.g., Fe, Zn, Cu, Al or Mn
have toxic actions on nerve cells and neurobehavioral functioning, which
can be expressed either as developmental effects or as an increased risk of
neurodegenerative diseases in old age. Element content and composition
of ginkgo leaves are important to know exactly by using whole leaves as
drug in tea preparations or tinctures.

Macro and micro elements of ginkgo (Ginkgo biloba L.) leaves
collected from three different sites in Hungary (Europe) were analysed.
Leaves were collected from male and female trees of similar age and
grown next to each other. Leaf collection took place five times in the
vegetation period (from May to September) of three concecutive years.
Leaves were dried at 30°C, and pulverized directly before the analysis.
Element composition was determined by ICP-OES.
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Well detectable differences were found among the collection sites in
the element concentrations of Al, Ca, Fe, K, Mg, Mn, Na, P, Sr, Zn.
However, no significant differences could be detected in the element
composition of ginkgo leaves over the three-year period examined.
Accumulation dynamism of the elements was quite diverse during the
vegetation period. Concentration of the most elements increased
continuously in the leaves. Concentrations of Al, B and Ca increased
rapidly at the end of summer. During the vegetation period, concentration
of Al, Ca, Mg increased by 1,5-2-fold, since content of B and Ba was
more than 3-fold higher at the end of the investigation.

Element compositions of male and female trees were compared in
every sampling time, eliminating the effect of phenophases. Significant
differences were obtained between the sexes for some elements.
Concentrations of Al, Fe, K, Na, P, Zn were higher in leaves of female
trees than those in leaves of male trees. However, concentration of Ca
seemed to be higher in the leaves of male ginkgo trees.

INTRODUCTION

Mineral elements in plants become important when their health benefits
are considered in the body of organism. In human diet, calcium (Ca) and
phosphorus (P) assist in bones and teeth development, calcium is also vital for
nerve transmission and muscle function. Magnesium (Mg) plays a role in a
wide range of fundamental cellular reactions, it is an essential mineral for
energy activity, like calcium and phosphorus plays a role in regulating the acid
alkaline balance in the body. In addition, magnesium acts as a physiological
regulator of membrane stability and in neuromuscular, cardiovascular,
immune, and hormonal function. The body needs a small amount of sodium
(Na) to help maintain normal blood pressure and normal function of muscles
and nerves. Potassium (K) has an important role in the synthesis of amino
acids and proteins, it is necessary for electrolyte balance, and controls high
pressure [1] Aluminum (Al) is the most commonly occurring metallic element,
and it is a major component of almost all common inorganic soil particles.
Soluble aluminum is associated with the uptake and bioaccumulation of Al
from soils into plants [2]. Iron (Fe) is known for haem formation, manganese
(Mn) and copper (Cu) aid iron absorption in the body. Strontium (Sr) promotes
calcium uptake into bones, zinc (Zn) plays role in wound healing [3,4].
Suboptimal intake of some elements can lead to disfunction of many essential
bioactive processes. Supraoptimal concentration of several metals e.g., Fe, Zn,
Cu, Al or Mn have toxic actions on nerve cells and neurobehavioral
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functioning, which can be expressed either as developmental effects or as an
increased risk of neurodegenerative diseases in old age [5].

Ginkgo (Ginkgo biloba L.) preparations are mainly used for the treatment
of peripheral vascular disease or cerebral insufficiency, especially by elders [6,
7, 8]. Accordingly, using whole ginkgo leaves as drug for tea preparations or
tinctures, the element content and the dissolution rate of mineral elements in
aqueous and alcoholic extracts may have a determining influence on bioactive
effect in the body [9, 10].

Ginkgo is a dioecious plant, for cultivation of leaf drug only male trees are
used. The aim of this chapter was to determine the element content of Ginkgo
biloba leaves collected in different sites in Hungary, and to compare the
element composition of male and female trees.

EXPERIMENTAL

Ginkgo (Ginkgo biloba L.) leaves were collected monthly during the
vegetation period from May to September in three years following each other,
from either male and female trees. Three collection places were chosen in
Hungary (Europe), where the male and female trees are similar old and are
planted near to each other: in the botanical garden of the Corvinus University
of Budapest (Site 1), in that of the E6tvds Lorand University (Budapest) (Site
2) and in the main square of city Szeged (Site 3). Sample collection was
carried out triplicated. Directly after collection leaves were dried at 30°C and
than pulverized.

For analysis of element composition, 0.2 g of samples (duplicated) was
taken. The following elements were determined by inductively coupled plasma
optical emission spectrometry (ICP -OES): Al, As, B, Ba, Ca, Cd, Co, Cr, Cu,
Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Se, Si, Sr, Ti, V, Zn. The concentration
of the elements is given as mg kg™ dry matter.

CONCLUSION

The concentration of As, Cd, Co, Cr, Ga, Hg, Mo, Pb and Se was under
the detection limit in each samples. The absence of heavy metals could be an
indication that the investigated samples are free of toxic metals.
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Element content was determined in the dry matter of collected ginkgo
leaves, concentrations of the main elements are given in Table 1. As there
were no significant differences among the investigated years in the element
content of ginkgo leaves, average values of the three years are summarized.

Significant differences were found among the collection places in the
element concentrations of Al, Ca, Fe, K, Mg, Mn, Na, P, Sr, Zn. Uptake of
some elements was depending on the chemical composition of soil and air at
the observed places [1, 11].

Accumulation dynamism of the elements in the ginkgo leaves was quite
diverse during the vegetation period. Accumulation of the most elements has
risen continuously, however the concentrations of Al, B and Ca increased
rapidly at the end of summer. During the vegetation period, concentration of
Al, Ca, Mg increased by 1,5-2-fold, since content of B and Ba was more than
3-fold higher at the end of the investigation period.

The concentrations of calcium and magnesium showed a high variety,
their level was high in ginkgo leaves compared to other species used for herbal
tea [9]. This result is in agreement with the findings of other authors [10, 12,
13]. Ca content was measured in a wide range from 18320 to 40787 mg kg™,
while Mg content ranged from 2503 to 6926 mg kg™, according to the
collection place and the sex of the tree (Table 1). Calcium and magnesium
levels changed seasonally, calcium and magnesium were lowest in the spring
and rose about 1,5-2-fold to a maximum in the early autumn. This trend was
pronounced in every collection place, and in case of both male and female
trees. Calcium level was influenced some degree by the environmental
conditions, however, for magnesium similar degree of accumulation was
found at the different sites.

Potassium and phosphorus concentrations increased constantly during the
vegetation period, potassium content varied in a wide range (10634 to 34102
mg kg'), and phosphorus content ranged from 2017 to 4128 mg kg™
Differences in the K and P concentrations could be detected at the different
collection places, this result refers to the different avaibility of these elements
in the soil [10,12]. Potassium level is very high in ginkgo leaves, what is
especially favorable for human uses.



Table 1. Concentration of macro elements in ginkgo leaves from different sites (mg kg-1)*

Male trees Female trees

May | June | July | August | September May | June | July | August | September
Site 1
Ca 24746+135 | 28760+178 | 32702+143 | 38763+140 | 40225+166 | 19459+147 | 20480+169 | 26170+102 | 29622+124 | 30721+167
Mg 3427425 3604+13 3631+29 4544+34 6369+38 3554+39 4685+15 5648+27 6356+23 6926+38
K 10634+177 | 10245104 | 10610+99 10878+127 | 11062+164 | 12930+134 | 13530+119 | 18930+154 | 20588+143 | 21144+164
Na 121.745.1 141.3+6.7 165.446.3 152.4+7.7 154.4+4.1 130.1+4.2 132.6£7.1 137.745.2 147.545.9 142.846.5
P 2302+17 2318+32 2737425 2753+12 2822+38 3018+41 3360+29 3212434 3231455 3265423
Site 2
Ca 20471157 | 29482+120 | 33526494 3959+116 40787+93 20078+94 254324116 | 29840+127 | 35218+93 36540+104
Mg 342522 3480+18 4682+39 6543+51 6387+43 3655+29 3869+37 477022 6847168 678479
K 19024+147 | 20114+139 | 21356+104 | 23359+98 25894+118 | 243544112 | 261504134 | 28397+106 | 34071+122 | 34102+136
Na 199.2+3.9 203.145.3 210.445.9 218.0+7.6 210.6+10.3 | 211.9+10.1 | 210.84#5.4 214.66.2 217.8+4.3 219.8+8.2
P 2017+36 2165+14 247323 204340 217028 268531 286717 2812423 3016+26 302937
Site 3
Ca 20520+123 | 21567+73 24841+78 36880+102 | 37045+88 18320+82 19452+73 24384+85 29847+115 | 32075+124
Mg 3246140 3425424 3510+36 3675146 3752+104 2503455 2536+29 2645+34 2983161 3428467
K 18240+113 | 19465+119 | 20475100 | 23701+142 | 24086+122 | 21362+104 | 22347191 23458+83 25363+92 26448+94
Na 88.9+4,3 89.4+2.8 90.2+5.7 93.9+8.6 94.5+£12.7 87.3+4.5 89.2+4.6 95.8+7.2 99.4+5.3 103.5+7.8
P 3680+22 3696+19 3705+37 3789+35 3805+27 3956+18 3988+23 4017+43 4035+38 4128+42

*Values are means of three-years data + standard deviation.
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The concentration of sodium varied from 87.28 to 219.4 mg kg™. Na
content was slightly depending on the collection place, while it was not
influenced by the vegetation period. High sodium content in the body has been
associated with high blood pressure [14], but this may not be possible in a
situation of higher potassium content [15]. The ratio of sodium to potassium
(Na/K) in the body is of great concern for prevention of high blood pressure,
Na/K ratio less than 1 is recommended [16]. In all leaf samples a very low
Na/K ratio was found.

Aluminum concentration was detected in the spring in a range from 30.52
to 52.13 mg kg™, and from 50.96 to 91.89 mg kg™ in the autumn. Malik and
co-workers [10] measured 5-10-fold higher Al content than these values.
Aluminum level in the plants is influenced by the soluble aluminum
concentration in the soil, hence great differences can be found in the Al
content in plant samples from different sites.

Seasonal element accumulation, i.e., an increase of the element
concentrations during the vegetation period was detected also for boron and
barium at all investigated sites. Boron content changed from 41.32-48.43 mg
kg™t in May to 105.40-167.80 mg kg™ in September, and concentration of
barium increased from 10.38-19.52 mg kg™ in the spring to 41.31-73.56 mg
kg™ in the autumn. Boron level of ginkgo leaves was higher than that of other
herbal plants, however, barium concentration was similar to them [9].

Concentration of copper was detected on a steady low level (5.47-7.56 mg
kg™), manganese content was measured from 13.58 mg kg™ to 32.69 mg kg™.
Our findings correspond to those reported by other authors [10, 17]. Copper
and manganese level of ginkgo leaves seems to be much lower than that of
other herbal drugs and of urban tree leaves [9, 18, 19].

The iron content varied in ginkgo leaves from 45.36 to 59.27 mg kg™,
from 81.90 to 117.34 mg kg™, and from 79.31 to 177.50 mg kg™ at the Site 1,
2, 3, respectively. Different values of other authors [10,12,17] lead to the
supposition that also iron content of ginkgo leaves is highly influenced by the
growing site.

Strontium level changed from 89.32 to 180.40 mg kg™, differences among
the studied sites were significant. Content of zinc was measured between
10.04-18.32 mg kg™, this level is a little higher than detected by other authors
[10, 17].

Element compositions of male and female trees were compared in every
sampling time, eliminating the effect of phenophases. Significant differences
were obtained between the sexes for some elements. Concentrations of Al, Fe,
K, Na, P, Zn were higher in leaves of female trees than those in leaves of male
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trees. However, concentration of Ca seemed to be higher in the leaves of male
ginkgo trees.
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Chapter 3

DIFFERENT GINKGO PREPARATIONS

Noémi Koczka”
Institute of Horticulture, Szent Istvan University, G6do116, Hungary

ABSTRACT

Ginkgo biloba L. has been used as a traditional Chinese herbal
medicine for thousands of years. Several studies have already appeared
on the ginkgo tree and its chemical constituents. As a result of the intense
pharmacological and clinical research, phytopharmaceuticals based on
partially purified ginkgo leaf extracts are now among the most sold drugs
all over the world. Although many different components contribute to the
overall pharmacological effect of ginkgo extracts, ginkgolides are
considered to be responsible for a significant part of the beneficial effects.
Standardized ginkgo leaf extracts (EGb), containing 24% flavonol
glycosides and 6% terpene trilactones, are primarily prescribed for
problems associated with a poor central and peripheral blood circulation
like dementia, vertigo and tinnitus. Ginkgo is reported to be efficient for
the treatment of Alzheimer’s disease and cardiovascular disease.

Allergenic and toxic compounds, such as ginkgotoxin and ginkgolic
acids were also found in ginkgo leaves. These constituents can be present
in ginkgo leaf teas, while they are removed from products containing the
standardized leaf extract. Recently dried ginkgo leaves are being
commonly consumed on a daily basis for their stimulant properties.

Ginkgo products are sold mainly not as medicines but as dietary
supplements due to the less strict regulation of herbal products

" E-mail address: koczka.noemi@mkk.szie.hu.
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considering purity and potential. The pharmaceutical quality of the
different ginkgo preparations is highly depending on the chemical
composition of the ginkgo leaves, the extraction method and the
dissolution rate. These all determine the bioavailability and efficacy of
the different products.

The use of medicinal plants or natural products increased in the last
decades all over the world. One of the most popular herbal plants is Ginkgo
biloba L. because of its widespread healing effects. Ginkgo is often called a
,living fossil”, namely it is one of the oldest surviving plant species [1-4], and
today it is one of the most widely used herbal remedies in the world.

Ginkgo has been used by the traditional medicine for thousands of years.
It has been a sacred tree, a symbol of yin and yang, of longevity and vitality.
The Chinese had begun their medicinal use of the tree with the seeds, but they
soon added the leaves and even the roots to their list of valuable medicinal
materials [5-6]. Ginkgo biloba has been thoroughly investigated for its
constituents, and a whole array of compounds has been described. Modern
research on the ginkgo began with chemical analysis of its active constituents
during the 1920’s [7-9], which was then followed by a continual line of
research to the present.

Ginkgo seed is known to be a medication and a food. Seeds are widely
used in Asian cooking, in stuffing, soups, desserts, meat and poultry dishes as
well as many vegetarian dishes, and the roasted seed is a popular delicacy [5,
6, 9, 10, 11]. However, the ginkgo seed can be toxic if eaten in large quantities
or over a long period, especially by children. Eating boiled ginkgo seeds is
safer than eating them raw. The ginkgo seed contains a toxic material, MPN
(4-methoxypyridoxine), called ginkgotoxin [12-13]. The concentration of
ginkgotoxin in the albumen of ginkgo seeds increases during the vegetation
period and reaches its maximum at the beginning of August, subsequently the
ginkgotoxin content declines rapidly. Canned and boiled albumens contain
only 1% of the ginkgotoxin level found in the raw seed [13]. However, the
ginkgotoxin concentration in roasted seeds is not much lower than that of raw
seeds since this compound is rather stable. In Asian countries people
traditionally avoid eating too much of ginkgo seeds during a single
meal [5, 6, 9].

The medicinal uses of ginkgo seed were mainly involved with treating
lung diseases. One of the famous traditional Chinese formulas for treating
asthmatic breathing, Ding Chuan Tang, has ginkgo seed as a major compound
[1, 14]. The seed extract was documented to inhibit various bacteria, including



Different Ginkgo Preparations 39

Mycobacterium, causative agent of tuberculosis. Ginkgo seed has also been
used as an astringent to treat fluid discharges [8]. In China and Japan ginkgo
preparations are used in the treatment of cough, bronchial asthma, irritable
bladder, and even alcohol abuse [15-16].

Ginkgo leaves have long been used in China to treat a variety of ailments
and conditions, including asthma, bronchitis, angina pectoris, fatigue, heart
attack, and tinnitus [5, 9]. Leaves are also used to alleviate high cholesterol
levels and high blood pressure [15]. Pharmacological investigations of
ginkgo’s active ingredients were reported soon after the main constituents
were isolated. Clinical studies with ginkgo began during the 1960’s in China
with studies of the leaf extract in treatment of cardiovascular diseases.
European research splayed after releasing of standardized ginkgo leaf extracts
(EGb 761) from the German company Schwabe [17-18].

Flavonoids are major constituents of Ginkgo biloba leaves, including
biflavones, flavones, flavonols and associated glycosides [19-20]. The main
flavonoid aglycones found in ginkgo include quercetin, kaempferol,
isorhamnetin, apigenin, and myricetin [21-24]. Terpenes are also important
active ingredients of G. biloba: ginkgolides and bilobalide are its unique
components [9, 29]. Ginkgolide A, B, C, J, K, L and M have a cage-like
molecule structure with six five-membered rings and a tert-butyl group with a
difference of the position and number of substituted hydroxyl groups on the
spiroronane framework [4, 30, 31]. Bilobalide is a sesquiterpene lactone,
including a tert-butyl group and two hydroxyl groups in its chemical structure
[32-33]. The leaves accumulate more terpenes than the roots and shoots [33].
In the leaves ginkgolide A is present at the highest concentration, followed by
ginkgolide B and C, and a small amount of the other ginkgolides [4, 30, 33].
Ginkgolides and bilobalide are well soluble in polar and intermediately polar
organic solvents like lower alcohols, tetrahydrofuran, acetone and ethyl
acetate, while moderately soluble in diethyl ether and water and insoluble in
non-polar solvents like chloroform, toluene and hexane [30]. The solubility in
water increases significantly at higher temperatures and refluxing in water or
water with a certain percentage of methanol has been a regularly used
procedure [34].

The flavonoid glycosides and the terpene lactones (ginkgolide A, B, C and
bilobalide) are considered as the relevant constituents for pharmacological
effects of the ginkgo leaves [2]. Other constituents include proanthocyanadins,
glucose, rhamnose, organic acids, and alkylphenols. Alkylphenols (e.g.,
ginkgolic acids, ginkgol, bilobol) possess contact allergenic reactions,
cytotoxic, mutagenic and slight neurotoxic properties. Presence of these
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compounds is considered undesirable, so they are removed from the extracts
[2, 12, 35].

Standardized dry extract of G. biloba leaves (EGb 761) is refined and
quantified to 22-27% ginkgoflavonglycosides content, represented by
quercetin, kaempherol and isorhamnetin; 5-7% terpene lactones, represented
by ginkgolides A, B, C (2.8-3.4%) and bilobalide (2.6-3.2%). Ginkgolide B
and bilobalide account for about 0.8% and 3% of the total extract,
respectively. The content of ginkgolic acids in the extract is less than 5 ppm.
For the extraction acetone (60%) is used [36-38]. To attain this level of active
ingredients requires concentrating them by about 25 times their natural levels.

Dry extracts of ginkgo are available in the form of capsules and film-
coated tablets. The clinically effective dosage of the standardized commercial
extract is 120-240 mg/day. Treatment time of 4-6 weeks is considered a
minimum duration to observe improvements, with 3-6 months as a standard
course of treatment for existing symptomatic diseases (6 months is usually the
maximum duration of a clinical trial; longer use may be necessary to maintain
the desired effects). Although adverse effects have not been reported during
the use of standard dosages of ginkgo extract yet, a few people reported mild
gastric disturbance or headache. Nevertheless, no investigation examined the
effect of the use of daily high dosages (up to 600 mg) for a longer period of
several months [39-44].

Ginkgo is considered to be effective in the case of several disorders
affecting two fundamental aspects of human physiology: improving blood
flow to the brain and other tissues; and enhancing cellular metabolism. Most
of the illnesses are associated with old age, when both blood flow and cellular
metabolism deteriorate. Other disorders that can respond to ginkgo treatments
as asthma, vertigo, tinnitus can also occur during the whole lifetime.

Several studies reported that ginkgo extract promoted vasodilation and
improved blood flow through arteries, veins and capillaries [11, 45-49]. Some
results suggest that ginkgo leaf extract can be useful in preventing and treating
cardiovascular diseases [50-54]. Some compounds of ginkgo also showed
antitumor activity [55-57].

Several human clinical trials reported positive effects of ginkgo leaf
extracts on the improvement of cognition, reduction of memory loss, or
improved blood flow which can be beneficial for dementia, Alzheimer’s
disease, vertigo, tinnitus, and other neuropsychiatric disorders [58-67].

Ginkgo is proved to be effective against Alzheimer’s disease [68].
Alzheimer’s disease is a form of dementia that progressively deteriorates the
intellectual capacity of various domains of the brain, particularly with aging.
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Ginkgo leaf extract is known to inhibit the formation of amyloid beta peptide
(Ap) from p-amyloid precursor protein (APP), a crucial process in the
pathogenesis of Alzheimer’s disease. Alternatively, the ginkgo leaf extract
inhibits reactive oxygen species (ROS) accumulation induced by Ap
(particularly flavonol quercitin) and also reduces neuron apoptosis, where
apoptosis is considered to be one of the main causes for neurodegenerative
diseases [68-69], and thus help to relieve Alzheimer’s disease [70].

Other studies demonstrated benefits of ginkgo leaf in treating Parkinson
disease, depression and schizophrenia [71-77].

Ginkgo extract inhibits platelet aggregation and prolongs bleeding time, a
ginkgolides are antagonists of platelet-activating factor (PAF). Besides
causing platelet activation and aggregation, PAF produces proinflammatory
effects (eg, increasing vascular permeability), it is an extremely potent
ulcerogen in the stomach, and contracts smooth muscle, including bronchial
muscle. Platelet-activating factor has a direct effect on neuronal function and
long-term potentiation [78-83].

Flavonoids and terpenoids contribute to ginkgo’s antioxidant and free
radical scavenger effects [18]. Ginkgo has been found to reduce cell membrane
lipid peroxidation, to protect brain neurons against oxidative stress induced by
peroxidation. The ginkgo leaf extract can scavenge ROS such as hydroxyl
radicals (OH"), peroxyl radical (ROO"), superoxide anion radical (O* "), nitric
oxide radical (NO"), hydrogen peroxide (H,0,), and ferryl ion species [50,
84]. Ginkgo can also enhance activities of antioxidant enzymes such as
superoxide dismutase, glutathione peroxidase, catalase, and/or heme-
oxygenase-1, thereby indirectly contributes as an antioxidant [84-90].

However, several studies showed no positive effect of the ginkgo leaf
extract on blood flow, cognitive functions, or neurological problems [91-96].
Studies querying the effectiveness of ginkgo dry extracts were carried out
mainly using tablets and capsules containing EGb 761. The quality of clinical
trials before the millenary were variable, many of them used unsatisfactory
methods or small numbers of treatments. Only a few investigations were found
to be well-designed and conducted with randomized placebo control [39].

The widespread use of the ginkgo extract can also cause herb-drug
interactions, altering drug efficiency or leading to undesired toxic effects of
concurrent medications, especially for drugs with narrow therapeutic indices.
Several studies showed that G. biloba extract and its constituents could
influence the pharmacokinetics of coadministered drugs via altering the
expression and activity of drug-metabolizing enzymes and transporters.
Clinical trials identified herb-drug interactions potentiated by the concurrent
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use of ginkgo extract, these studies are reviewed by Chen and co-workers
[97-98].

A number of review articles suggested that ginkgo leaf extract could
increase the risk of bleeding, since it can reduce blood thrombotic ability.
Potentially serious adverse effects associated with ginkgo have also been
reported [56, 99-103].

G. biloba is contraindicated in patients with a history of hypersensitivity
to ginkgo preparations. Due to insufficient information, the use of ginkgo leaf
extract in pregnancy and lactation is not recommended.

Quality is a key issue in the development of herbal medicinal products that
have consistent safety and efficacy. Problems in the development of herbal
remedies include the frequent lack of standardized products, a lack of
toxicology, pharmacokinetic and pharmacodynamic data, as well as of dose-
response and interaction studies. In addition, the placebo effect in trials with
herbal remedies is often very high.

Ginkgo preparations containing dry leaf extract (tablets, capsules) are
marketed in the United States as a dietary supplement. In Europe, ginkgo is
available either as a medicinal product or as a dietary supplement. The main
differences between the two categories are quality requirements and legal
classification. In Europe most herbal products were marketed as medicinal
products. This changed when directives of the Council of the European
Economic Community were implemented, with the requirement of quality,
efficacy, and safety data on medicinal products. Numerous medicinal products
were not able to meet those requirements and were nevertheless marketed as
,dietary supplements”, which are considered food products by the law. This is
currently the case also for different ginkgo products, which are widely
marketed as a food supplement of questionable quality. Consumers are also be
exposed to danger when buying ginkgo products, such as tablets, capsules,
teas, and cosmetics via internet, as most of them are released without any
permission and are often produced without the expected quality control.

The next important preparation form of ginkgo leaves is the tea. Ginkgo
leaves are available in mono teas and in tea mixtures, which are often
consumed on a daily basis. While the intake of such products is usually limited
through the recommended daily dosage of a standardized medication, this
limitation does not apply to ginkgo teas. In theory, toxic ingredients like
ginkgolic acid should be removed before the herb is used in any preparations.
In standardized ginkgo leaf extracts the concentrations of these compounds are
limited. Conversely ginkgo teas may contain a higher level of ginkgolic acids.
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Nowadays, oral liquids or injectable solutions of ginkgo leaves can be also
purchased. Fresh plant extracts might be especially efficient for the treatment
of neurodegenerative problems [104]. Alcoholic extraction results in a higher
level of active ingredients, hence a more efficient product. One of the most
important indications for the usage of ginkgo leaves is the antioxidative
protection. Antioxidant capacity of ginkgo leaves are higher in alcoholic
extracts than in aqueous extracts, therefore tinctures can be more effective than
water solutions of the leaves [105-108].

The increasing interest in alternative medical practices has led to a number
of controlled studies on herbal and homeopathic agents. Some publications on
the homeopathic use of ginkgo and a few small proofs of evidence exist, which
suggest the efficacy of ginkgo leaves also in homeopathic preparations
[109-111]. Cosmetic products containing ginkgo leaf extract are also highly
sought after. Ginkgo extract promotes the cellular regeneration and capillary
blood flow of the skin, and has a great anti-aging effect through its antioxidant
properties. Ginkgo can help to protect skin from redness and inflammation
during exposure to UVA/UVB light as well. Ginkgo leaf also seems to be
capable of increase skin moisture content and reduce inflammatory factors in
skin [112-114].

The pharmaceutical quality of the different ginkgo preparations is highly
influenced by the chemical composition of the ginkgo leaves and the
extraction method. The concentration of active ingredients and the element
composition of ginkgo leaves depend on the growing conditions and
harvesting time [105-106, 115-119]. Leaves of male and female trees contain
different amounts of active ingredients, macro and micro elements [108, 117].
The dissolution and bioavailability of the active components of the oral solid
preparations of different ginkgo preparations are reported to differ markedly,
due to their limited solubility [120-121]. Since the quantities of biologically
active components in ginkgo products have a broad range, their
pharmacological effects might be considerably variable [120-126].

These facts indicate that the pharmaceutical properties of different ginkgo
products have a significant impact on the rate and extent of drug absorption,
and very likely on the effectiveness of the product in the prevention or
treatment of diseases.
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Chapter 4

GINKGO BILOBA (GINKGOACEAE) AS
A SOURCE OF PHENOLIC COMPOUNDS WITH
ANTIOXIDANT ACTIVITY

Milan S. Stankovi¢
Department of Biology and Ecology, Faculty of Science,
University of Kragujevac, Republic of Serbia

ABSTRACT

This chapter presents the results of a screening of different crude
extracts, infusions and standardized extract from the Ginkgo biloba
(Ginkgoaceae) leaves for total phenolic content, concentration of
flavonoids and in vitro antioxidant activity. Main reason for this study is
the determination of these parameters and their variability among the
plant extracts obtained by different solvents and water infusions prepared
using different methods respectively, as well as standardized extract.
Results for total phenolic content determined using Folin-Ciocalteu
reagent and expressed in term of gallic acid equivalent, GAE (mg of
GAJ/g of extract) ranged from 27.47 + 0.29 to 141.60 + 0.36 mg of GA/g
of extract and plant material. The concentrations of flavonoids
determined using spectrophotometric method with aluminum chloride
and expressed in terms of rutin equivalent, RUE (mg of Ru/g of extract)
ranged from 14.46 + 0.23 to 231.15 + 0.17 mg of Ru/g of extract and
plant material. Obtained results for antioxidant activity of Ginkgo biloba
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extract and infusions ranged from 1408. 96 + 2.01 to 49.75 £ 0.90 pg/ml.
Results for antioxidant activity and the amount of total phenolics content
and flavonoids varied according to the type of solvent used, as well as the
method of preparation of the extracts and infusion. In addition, it can be
concluded that there is a relation between the quantity of phenolics,
flavonoids and antioxidant activity. Great variability of the studied
parameters was observed comparing the effectiveness of the used
solvents. The ethanolic extracts, infusion, infusion prepared with boiled
water, as well as ethanolic solution of standardized Ginkgo biloba extract
contain the greatest concentrations of phenolics compounds, especially
flavonoids and showed high antioxidant activity. According to our
research, leaves from Ginkgo biloba are rich sources of phenolic
compounds with strong antioxidant activity.

Keywords: Ginkgo biloba (Ginkgoaceae), phenolics, antioxidant activity

INTRODUCTION

In addition to the primary, the secondary metabolism takes place in plant
cells. Its products, secondary metabolites, are not essential for the plant, but
instead, they represent, in most of the cases, the result of the plant adaptations
to the environmental conditions [1, 2]. According to the chemical composition
criterion, secondary metabolites can be divided into two categories [3, 4]. The
molecules which do not contain the nitrogen atoms, such as phenolic
compounds and terpenoids, belong to the first category, whereas the second
group encompasses the metabolites whose molecules contain nitrogen atoms
i.e., alkaloids. Biosynthetic pathways of secondary metabolites are extremely
complex and a multitude of products and enzyme controlled reactions are part
of them [5, 6]. Apart from having an important biological role in ecosystemic
plant interactions, secondary metabolites isolated from the plant organism
exhibit biological activity in both in vitro and in vivo conditions [7, 8]. The
biological activity of plant secondary metabolites is derived from their
capability to react with molecules and cell and subcell structures thus
influencing, either positively or negatively, a great number of metabolic
processes. Through the stimulatory and inhibitive mechanism, secondary
metabolites display antioxidant, antimicrobial, antiproliferative, apoptotic,
anti-inflammatory, antihypertensive, neuroprotective and many other activities
[9-13].
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Free radicals are the molecules, ions or atoms of carbon, oxygen, nitrogen,
or sulfur with unpaired electrons which cause them to be quite reactive. Free
radicals arise during a great number of metabolic processes in an organism and
under the influence of negative effects of physical and chemical factors in the
environment. The following reactions bring about the formation of free
radicals: homolytic bond fission, oxidation-reduction reaction, thermolysis,
photolysis, radiolysis, transfer of an electrone to an organic molecule, the
activity of ozone, nitrogen(lV)-oxide and singlet oxygene and various enzyme
processes in an organism [14]. The free radical and non-radical forms which
most often arise and are characterized by the greatest degree of reactivity are
reactive oxygen species such as superoxide anion radicals, hydroxyl radicals,
hydroperoxyl radical, peroxyl radicals, singlet oxygen, carbon dioxide radicals
and carbon monoxide radicals [15]. The mechanism of negative effect of free
radical species in the biological systems is based on their reaction with
biomolecules such as nucleic acids, proteins, lipids and enzymes which
simultaneously causes their damage and disables their primary biological roles
in cells. The increased production of free radicals in human organism
intensifies ageing process of an organism and causes a great number of
pathological states such as neurodegenerative changes, cancer genesis,
cardiovascular disorders as well as inflammatory processes [16, 17]. The
damaging effects of free radicals are inhibited by antioxidant substances.
Antioxidants either partially disable or completely prevent the process of
oxidation of a substrate. The mechanism of the antioxidant activity is derived
from several capabilities antioxidants may have: the ability to donate electrons
or hydrogen atoms i.e., scavenging ability, the ability to chelate ions of metals
(Fe**, cu®, Zn**, Mg?") thus decreasing their redox potential, and the ability
to destroy hydroperoxides of lipid molecules from which non-radical species
develop. To this end, there is a great number of natural (enzymatic and non-
enzymatic) and synthetic antioxidant substances. Enzymatic antioxidants are
catalase, peroxidase, superoxide dismutase, glutathione reductase, glutathione
peroxidase and glutathione S-transferase wheras a-tocopherol, B-carotene and
phenolic compounds isolated from the plants belong to the category of non-
enzymatic antioxidants [18, 19].

The usage of natural antioxidants does not cause adverse effects, whereas,
in the case of synthetic antioxidants, genotoxic effect has been proven in
addition to some other negative effects [20-22]. For this reason, there have
been conducted numerous researches of the biological activity and chemical
composition of natural products, and of medicinal plants, fruit and vegetable
as potential sources of natural antioxidants in particular [23-26]. Antioxidant
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capability of phenolic compounds depends upon the number and the position
of hydroxy groups. Apart from this, very important physical-chemical
characteristics are bond dissociation energy and ionization potential. One of
the main mechanisms of the antioxidant activity of phenolic compounds is the
role in the transfer of hydrogen atom and in the transfer of an electrone to the
molecule exposed to the oxidation process [6].

Ginkgo biloba (Ginkgoaceae) — ginkgo, ginko, silver fruit, silver peach or
maidenhair tree is a plant known for several reasons, represents endemorelict
or “living fossil” species and famous plant in folk and modern medicine.
Ginkgo biloba is naturally widespread in the southwestern parts of the territory
of China, because the distribution throughout the Northern Hemisphere was
reduced during the last glacial period. After the intensive worldwide
distribution, using different ways of cultivation, Ginkgo biloba is the object of
numerous research studies in different fields of biological and pharmaceutical
sciences, as well as widely used plant species as a source of bioactive
substances with significant therapeutically effects. Conducted studies mostly
deal with detailed identification of quantitative and qualitative composition of
secondary metabolites, as well as in vitro and in vivo biological effects of the
active secondary metabolites from different Ginkgo biloba plant organs [27].

Qualitative analysis of secondary metabolites of Ginkgo biloba was
examined in a number of studies. In a detailed review [28] summarized
secondary metabolites are: Terpenes (Monoterpenes: cymene, isopropyl-
phenol, thymol, linalool oxide and ionone; Diterpenes: ginkgolide A,
ginkgolide B, ginkgolide C, ginkgolide J, ginkgolide M, ginkgolide K and
ginkgolide L; Sesquiterpenes: bilobalide, bilobanone, E- and Z- forms of 10-
11-dihydroatlantone, E-10-11-dihydro-6-oxoatlantone, elemol and eudesmol;
Steroids and phytosterols: B-sitosterol, stigmasterol, campesterol and
dihydrobrassicasterol; Carotenoids: o-carotene, vy-carotene, lutein and
zeaxanthin; Polyprenols: Ginkgo polyprenols and Ginkgo polyprenol
acetates); Flavonoids (Glycosides of: kaempferol, quercetin, myricetin,
apigenin, isorhamnetin and luteolin; Aglycones: kaempferol, quercetin,
myricetin, apigenin, isorhamnetin, luteolin, tamarixetin, 4’-OMe apigenin, 3'-
methylmyricetin, catechin, epicatechin, epigallocatechin and gallocatechin;
Dimers: catechin—catechin, epicatechin—catechin, epigallocatechin—catechin
and gallocatechin—catechin; Anthocyanidins: procyanidin and prodelphinidin;
Biflavones:  amentoflavone, 7-methoxyamentoflavone, bilobetin, 5'-
methoxybilobetin, sequojaflavone, ginkgetin, isoginkgetin and sciadopitysin;
Biflavone glucosides: ginkgetin and isoginkgetin); Alkyl phenols and alkyl
phenolic acids (Cardanols: 3-tridecylphenol, 3-tetradecylphenol, 3-
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pentadecylphenol,  3-heptadecylphenol and  ginkgol;  Cardols:  5-
tridecylresorcinol,  5-tetradecylresorcinol,  5-pentadecylresorcinol,  5-
heptadecylresorcinol and bilobolol; Anacardic acids: 6-tridecylsalicyclic acid,
6-tetradecylsalicylic acid, 6-pentadecylsalicylic acid, 6-[8-pentadecenyl]
salicylic acid, 6-hexadecylsalicylic acid, 6-[9, 12-heptadecadienyl] salicylic
acid and 6-[8-heptadecenyl] salicylic acid; Resorcylic acids: 6-[8-
Pentadecenyl] resorcylic acid, 6-tridecylresorcylic acid and alkyl coumarin);
Organic acids (ascorbic acid, D-glucaric acid, quinic acid, shikimic acid, 6-
hydroxykynurenic acid, p-hydroxybenzoic acid, protocatechuic acid, vanillic
acid, acetic acid, butyric acid, formic acid, hexanoic acid and valeric acid);
carbohydrates, long chain hydrocarbons and lipids, inorganic salts or their
complexes etc.

Among the many components identified in the aboveground parts of
Ginkgo biloba, phenolic acids, flavonoid glycosides, terpene trilactones,
ginkgolides and bilobalides exhibit a significant effect [29, 30]. Due to the
content of the active components, Ginkgo biloba extract is standardized in the
industrial production of drugs. As the main raw material for the extracts
obtaining are leaves and seeds without sarcotesta (outer layer of the ovules).

Active substances from Ginkgo biloba, have an individual effect, or in
most cases, synergistic effect. The mechanism of action of the Ginkgo biloba
active compounds, was investigated in a number of studies, as well as by the
application of different methodological approaches. Based on current results,
the most important pathways of action are: effects on blood circulation such as
vasoregulating activity of arteries, capillaries, veins (increased blood flow) and
rheological effects (decreased viscosity, antagonistic to platelet activating
factor receptors), metabolic changes, for example on neuron metabolism
(increased tolerance for anoxia), beneficial influence on neurotransmitter
disturbances and prevention of damage of membranes caused by free
radicals [31].

Active ingredients of Ginkgo biloba, through these mechanisms of action,
can eliminate the consequences of reduced circulation in peripheral parts of
the body and in the brain, such as decreasing of concentration and memory
capacity, dizziness, anxiety, headache, numbness and coldness of hands and
feet, as well as tiredness and loss of will and energy. Because of these effects,
pharmaceutical products with Ginkgo biloba extract, are used for the treatment
of dementia and Alzheimer's disease, as a dietary supplement in the diet of
healthy people, for memory improving, circulation, heart and brain infarction
as well as for improving the antioxidant capacity of the organism [32-40].
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Apart from numerous studies of neuroprotective activity and mechanisms
of action, other levels of biological activities have been extensively
investigated so far. During a number of previous in vitro and in vivo studies of
Ginkgo biloba crude and standardized extracts of leaves, stem bark and seeds
or essential oils, different aspects of the biological activity were evaluated,
such as antimicrobial and antifungal potential and mechanisms of action
[41-45], antioxidant activity [46-48], antimutagenic activity [49, 50],
anticancer activity [51, 52], as well as hepatoprotective effect [47, 53].

This chapter deals with quantitative characteristics of phenolic compounds
as the most important active substances and biological activity of Ginkgo
biloba (Ginkgoaceae) plant extracts and infusions prepared from leaves.
Selected methods are applied in the study of plant extracts obtained using
different solvents, standardized extract prepared as industrial basic substance
for drug production, as well as infusions prepared by different methods. The
concentration of phenolics in the plant extracts and infusions of Ginkgo biloba
leaves was measured by Folin-Ciocalteu reagent and expressed in terms of
gallic acid equivalent, GAE (mg of GA/g of extract). The content of
flavonoids in the examined plant extracts and infusions was determined using
spectrophotometric method by aluminium chloride as reagent and expressed in
terms of rutin equivalent, RUE (mg of RU/g of extract). After quantification of
total phenolics as well as flavonoids separately, as the most important group of
phenolic compounds, antioxidant activity of all samples of plant extracts and
infusions from Ginkgo biloba leaves was determined using free radical
(DPPH) assay. The results for antioxidant activity of analyzed Ginkgo biloba
plant extracts and infusions were expressed in terms of 1Csq (ug/ml) values.

MATERIALS AND METHODS
Plant Material

Ginkgo biloba leaves were collected from cultivated individuals
(Kragujevac, Republic of Serbia). The voucher specimen was confirmed and
deposited at the Herbarium of the Faculty of Sciences, University of
Kragujevac. Plant material was air-dried in the dark, at ambient temperature.
Air-dried material was milled in a grinder and stored in tightly sealed dark
containers until the analysis.
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Chemicals

Organic solvents and sodium hydrogen carbonate were purchased from
,,Zorka pharma® Sabac, Serbia. Gallic acid, rutin hydrate and 2,2-dyphenyl-1-
picrylhydrazyl (DPPH) were obtained from Sigma Chemicals Co., St Louis,
MO, USA. Folin-Ciocalteu phenol reagent and aluminium chloride
hexahydrate (AICI; x 6H,0) were purchased from Fluka Chemie AG, Buchs,
Switzerland. All other solvents and chemicals were of analytical grade. A
standardized extract of Ginkgo biloba was obtained from Pharmaceutical
Company ,,Ivanéi¢ i Sinovi“, Belgrade, Serbia (base for dietary products
Ginkgo biloba extract, produced by Sichuan Xieli Pharmaceutical. Co. Ltd.,
Sichuan, China).

Statistical Analysis

All experimental measurements were carried out in triplicate and obtained
results are expressed as average of three analyses + standard deviation.
Statistical analysis was done using a SPSS (Chicago, IL) statistical software
package (SPSS for Windows, ver. 17, 2008). The concentrations wich
neutralised 50% of free radicals (ICsy values) were calculated using software
Origin 8 Pro (OriginLab Corp.).

Preparation of Plant Extracts and Infusions

For Ginkgo biloba leaves plant extracts (samples 1 — 7) preparation, 10 g
of powder obtained from dry leaves was transferred into dark-coloured flasks,
filled with 200 ml of solvent (water, methanol, ethanol, acetone, ethyl acetate,
buthanol and petroleum ether) and stored at room temperature. After 24 h,
infusions were filtered using Whatman No. 1 filter paper and residue was re-
extracted with an equal volume of solvents. After 48 h, the process was
repeated. Combined supernatants were evaporated to dryness under vacuum at
40°C using Rotary evaporator. For methanolic and ethanolic infusions
(samples 8 and 9), 20 mg of powdered dry leaves was transferred into dark-
coloured flasks, filled with 20 ml of solvent (methanol and ethanol, acetone,
ethyl) and stored at room temperature. After 24 h, infusions were filtered using
Whatman No. 1 filter paper. For water infusions preparation (samples 10 —
14), 20 mg of powdered dry leaves was transferred into dark-coloured flasks,
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filled with 20 ml of water of different temperatures (10°C for sample number
10, 50°C for samples number 11 and 13, as well as 100°C for samples number
12 and 14) and stored at room temperature. After 1 h for samples number 13
and 14, as well as 24 h for samples number 10, 11 and 12 infusions were
filtered using Whatman No. 1 filter paper. Samples number 15 and 16 contain
methanolic and ethanolic solution of standardized Ginkgo biloba extract in
concentration of 1 mg/ml. The obtained extracts and infusions were kept in
sterile sample tubes and stored in a refrigerator at 4°C.

Determination of Total Phenolic Content

The concentration of phenolics in the plant extracts was measured by
using spectrophotometric method [54]. The methanol solution of the extract in
concentration of 1 mg/ml was used in the analysis. The reaction mixture was
prepared by mixing 0.5 ml of methanol solution of the extract, 2.5 ml of 10%
Folin-Ciocalteu reagent dissolved in water and 2 ml of 7.5% NaHCOs.

The blank was concomitantly prepared containing 0.5 ml of methanol 2.5
ml of 10% Folin-Ciocalteu reagent dissolved in water and 2 ml of 7.5% of
NaHCOs;. The samples were thereafter incubated at 45°C for 45 min. The
absorbance was determined using spectrophotometer at Apax = 765 nm.

The samples were prepared in triplicate for each analysis and the mean
value of absorbance was obtained. The same procedure was repeated for the
standard solution of gallic acid and the calibration line was construed. Based
on the measured absorbance, the concentration of phenolics was read (mg/ml)
from the calibration line; then the content of phenolics in the extracts was
expressed in terms of gallic acid equivalent, GAE (mg of GA/g of extract).

Determination of Flavonoid Content

The content of flavonoids in the examined plant extracts was determined
using spectrophotometric method [55]. The sample contained 1 ml of
methanol solution of the extract in concentration of 1 mg/ml and 1 ml of 2%
AICI; solution dissolved in methanol. The samples were incubated for an hour
at room temperature. The absorbance was determined using spectrophotometer
at of Amax = 415 nm.

The samples were prepared in triplicate for each analysis and the mean
value of absorbance was obtained. The same procedure was repeated for the
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standard solution of rutin and the calibration line was construed. Based on the
measured absorbance, the concentration of flavonoids was read (mg/ml) on the
calibration line; then, the content of flavonoids in extracts was expressed in
terms of rutin equivalent, RUE (mg of RU/g of extract).

Evaluation of DPPH Scavenging Activity

The ability of the plant extract and reference substance to scavenge DPPH
(1,1-diphenyl-2-picrylhydrazyl radical) free radicals was assessed using the
method described by Tekao et al. [56], adopted with suitable modifications
from Kumarasamy et al. [57].

The stock solution of the plant extract was prepared in methanol to
achieve the concentration of 1 mg/ml. Dilutions were made to obtain
concentrations of 500, 250, 125, 62.5, 31.25, 15.62, 7.81, 3.90, 1.99, 0.97
pg/ml. Diluted solutions (1 ml each) were mixed with 1 ml of DPPH
methanolic solution. After 30 min in darkness at room temperature, the
absorbance was recorded at 517 nm.

The control samples contained all the reagents except the extract. The
percentage inhibition was calculated using the equation: % inhibition = 100 x
(A of control — A of sample)/A of control), whilst 1Cs, values were estimated
from the % inhibition versus the concentration sigmoidal curve, using a non-
linear regression analysis. In presented results, antioxidant efficiency of the
extract increased with the decreasing of 1Cso values. The data were presented
as mean values * standard deviation (n = 3).

RESULTS AND DISCUSSION

The results of total phenolics content in Ginkgo biloba leaves, determined
by measuring of the amount in the extracts and infusions using Folin-
Ciocalteu’s reagent, are presented in Table 1.

Obtained results for total phenolics content ranged from 27.47 + 0.29 to
141.60 + 0.36 mg of GA/g of extract and plant material. Total phenolics
contents in the extracts obtained by different solvents and evaporation (1 — 7)
ranged from 33.25 + 0.19 mg of GA/g for petroleum ether extract to 82.00 +
0.37 mg of GA/g for ethanolic extract. Apart from the ethanolic extract, high
amount of total phenolics was measured in methanolic (71.02 + 0.45 mg of
GA/g) and buthanolic (63.27 £ 0.69 mg of GA/g) extract. The results indicate
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that solvent polarity has a great importance for the quantity of phenolics. The
obtained results for the amount of total phenolic content in the organic solvent
infusions (8 and 9) are 29.83 + 0.07 mg of GA/g for methanolic and 36.73 +
0.27 mg of GA/g for ethanolic infusion. Total phenolics content in the water
infusions (10 — 14) obtained using different methods for preparation ranged
from 27.47 £ 0.29 mg of GA/g to 34.74 + 0.64 mg of GA/g. The results
indicate that the temperature of the water and the time of preparation of water
infusions, have an effect on the extraction process and the final amount of total
phenolic compounds in the water solution.

Table 1. Total phenolic content in the Ginkgo biloba leaves extracts
expressed in terms of gallic acid equivalent, GAE
(mg of GA/g of extract or plant material)

Type of extract mg of GA/g
1. Water extract 40.32 £ 0.53
2. Methanolic extract 71.02 £0.45
3. Ethanolic extract 82.00 £ 0.37
4. Acetone extract 58.36 £ 0.29
5. Ethyl acetate 46.72£0.10
6. Buthanolic extract 63.27 £ 0.69
7. Petroleum ether 33.25+0.19
8. Methanolic infusion 29.83 + 0.07
9. Ethanolic infusion 36.73 £0.27
10. Water infusion (10°C, 24 h) 27.47£0.29
11. Water infusion (50°C, 24 h) 33.22+0.49
12. Water infusion (100°C, 24 h) 33.80 £ 0.51
13. Water infusion (50°C, 1 h) 29.22+041
14. Water infusion (100°C, 1 h) 34.74 + 0.64
15. Standardized extract dissolved in methanol 127.46 +0.30
16. Standardized extract dissolved in ethanol 141.60 +0.36

The results for the amount of total phenolics content in the standardized
extract of Ginkgo biloba leaves (15 — 16) are 127.46 + 0.30 mg of GA/g for
methanolic and 141.60 + 0.36 mg of GA/g for ethanolic solution. The
differences in amounts between these extracts point to the importance of the
type of the selected solvent. In this case ethanol contributes to better
dissolution of phenolic compounds and their larger amount in the final sample.
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The results of flavonoid content in Ginkgo biloba leaves, determined by
measuring of the amount in the extracts and infusions using aluminium
chloride as reagent, are presented in Table 2.

Table 2. Flavonoid content in the Ginkgo biloba leaves extracts expressed
in terms of rutin equivalent, RUE (mg of Ru/g of extract or plant material)

Type of extract mg of Ru/g

1. Water extract 27.59+0.94
2. Methanolic extract 47.70 £ 0.18
3. Ethanolic extract 67.65%0.29
4. Acetone extract 44,14 +0.15
5. Ethyl acetate 46.34 £ 0.19
6. Buthanolic extract 47.16 £ 0.44
7. Petroleum ether 15.94 £0.25
8. Methanolic infusion 26.66 + 0.31
9. Ethanolic infusion 33.67 £0.28
10. Water infusion (10°C, 24 h) 14.46 + 0.23
11. Water infusion (50°C, 24 h) 14.86 + 0.36
12. Water infusion (100°C, 24 h) 17.92 +0.30
13. Water infusion (50°C, 1 h) 14.80 + 0.39
14. Water infusion (100°C, 1 h) 15.36 + 0.24
15. Standardized extract dissolved in methanol 173.44 + 0.49
16. Standardized extract dissolved in ethanol 231.15+0.17

The results for flavonoid content in the Ginkgo biloba extracts and
infusions (1 — 16) ranged from 14.46 + 0.23 mg of Ru/g to 231.15 + 0.17 mg
of Ru/g of extract and plant material. Flavonoid contents in the dry extracts
obtained by different solvents and evaporation (1 — 7) ranged from 15.94 +
0.25 mg of Ru/g for petroleum ether extract to 67.65 £ 0.29 mg of Ru/g for
ethanolic extract. The results indicate that the amount of flavonoids varied
slightly between methanolic (47.70 £ 0.18 mg of Ru/g), buthanolic (47.16 +
0.44 mg of Ru/g), ethyl acetate (46.34 £ 0.19 mg of Ru/g) and acetone (44.14
+ 0.15 mg of Ru/g) extract. As in the case of the quantity of total phenolics
content, type of solvent also influences the amount of flavonoids in the
obtained extracts. The obtained results for the flavonoid content in the organic
solvent infusions (8 and 9) are 26.66 + 0.31 mg of Ru/g for methanolic and
33.67 £ 0.28 mg of Ru/g for ethanolic infusion.
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Flavonoid contents in the water infusions (10 — 14) obtained using
different methods for preparation ranged from 14.46 + 0.23 mg of Ru/g to
17.92 £ 0.30 mg of Ru/g. On the basis of these results, it can be concluded that
the amount of flavonoids does not vary significantly between studied water
infusions. As opposed to the quantity of total phenolics content, content of
flavonoids depends very little on the methodology of preparation of water
infusions. The results for the flavonoid content in the standardized extract of
Ginkgo biloba leaves (15 — 16) are 173.44 * 0.49 mg of Ru/g for methanolic
and 231.15 + 0.17 mg of Ru/g for ethanolic solution. The differences in
amounts of flavonoids between these extracts point to the importance of the
type of the selected solvent. In this case ethanol contributes to better
dissolution of flavonoids and their larger amount in the final sample.

After quantification of total phenolics as well as flavonoids separately, as
the most important group of phenolic compounds, antioxidant activity of all
samples of plant extracts and infusions from Ginkgo biloba leaves was
determined using free radical (DPPH) assay. The applied method is based on
measuring the intensity of reduction of DPPH stable free radicals by active
substances in the sample as a hydrogen atom donors. In this process, the
purple color of the reaction mixture changes to yellow, where the intensity of
the color change, as indicator of antioxidant activity, was quantified
spectrophotometrically [58]. The results for the antioxidant activity of
analyzed Ginkgo biloba plant extracts and infusions expressed in terms of 1Csg
(ng/ml) values are presented in Table 3. In the presentation of results as ICs
values, the intensity of antioxidant activity is inversely proportional to the
numerical ICsq (a lower numerical value indicates better efficiency of plant
extracts) values.

The obtained results for the antioxidant activity of Ginkgo biloba extract
and infusions ranged from 1408. 96 * 2.01 pg/ml to 49.75 £ 0.90 pg/ml. The
antioxidant activity of the extracts obtained by different solvents and
evaporation (1 — 7) ranged from 1408. 96 + 2.01 pg/ml for buthanolic extract
to 280.76 + 1.56 mg of pg/ml for ethanolic extract. The obtained results for the
antioxidant activity of the organic solvent infusions (8 and 9) are 322.72 +
1.04 mg pg/ml for methanolic and 164.31 + 1.32 pg/ml for ethanolic infusion.
The results for the antioxidant activity of the water infusions (10 — 14)
obtained using different methods for preparation ranged from 361.15 + 0.88
po/ml to 170.12 £ 1.72 pg/ml. The results for the antioxidant activity of the
standardized extract of Ginkgo biloba leaves (15 — 16) are 62.65 + 0.84 pg/ml
for methanolic and 49.75 + 0.90 pg/ml for ethanolic solution.
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Table 3. Antioxidant activity of the Ginkgo biloba leaves extracts
and infusions expressed in terms of 1C50 values (ug/ml)

Type of extract I1Cs0 (ug/ml)

1. Water extract 338.72+£1.12
2. Methanolic extract 387.13 £ 0.95
3. Ethanolic extract 280.76 + 1.56
4. Acetone extract 748.22 +1.22
5. Ethyl acetate 1212.15+1.36
6. Buthanolic extract 1408. 96 + 2.01
7. Petroleum ether 1025.70 £ 2.24
8. Methanolic infusion 322.72 +1.04
9. Ethanolic infusion 164.31 +1.32
10. Water infusion (10°C, 24 h) 361.15+0.88
11. Water infusion (50°C, 24 h) 27290 £1.61
12. Water infusion (100°C, 24 h) 22297 +1.44
13. Water infusion (50°C, 1 h) 177.38 £1.80
14. Water infusion (100°C, 1 h) 170.12£1.72
15. Standardized extract dissolved in methanol 62.65 = 0.84
16. Standardized extract dissolved in ethanol 49.75+0.90

The results for the antioxidant activity and the amount of total phenolics
content and flavonoids varied according to the type of solvent used, as well as
the method of preparation of the extract and infusion. In addition, it can be
concluded that there is a relation between the quantity of phenolics, flavonoids
and antioxidant activity.

The variability in the total phenolics content in extracts and infusions
prepared using the different solvents could be the result of the varying
solubility of the phenolic compounds; this variation in solubility may be
driven by the solvent polarity. Some studies showed that ethanol and methanol
were better extraction solvents for phenolic compounds from plant materials
than less polar solvents such as acetone, petroleum ether etc. According to
another study, a less polar solvent such as acetone could extract more phenolic
compounds from the flowers than more polar solvents, including methanol and
water. These differences may be due to the types of phenolic compounds in
plant materials. In general, a good balance in polarity is needed in extracting
phenolics from plant sources. During the study of quantitative and qualitative
characteristic of flavonoids from plant material, it was found that ethanol and
solvents with similar polarity are very effective in the extraction process as
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well as extracts obtained using this solvent containing a large amount of
flavonoids [24, 26, 59].

The investigated extracts and infusions of Ginkgo biloba leaves
demonstrated very different radical-scavenging activities and 1Csy values
varied in a wide range. The ethanolic extract and infusions showed the greatest
effect among the others, and exhibited the greatest radical-scavenging activity.
In addition, the phenolic content, as well as flavonoids of extracts and
infusions depend on the solvent used in the experiment, and not only the
concentration of phenolics but also the properties of these compounds
contribute to the activites of different extracts. In numerous studies of
biologial activity, for components present in plant material of Ginkgo biloba
such as lutein [60], luteolin [61], a-carotene [62], cymene [63], thymol [64],
zeaxanthin [65], kaempferol [66], quercetin [67], myricetin [68], apigenin
[69], as well as catechin and tannins [70] antioxidant activity was determined
using different methodological approaches.

Comparing the concentration of phenolic compounds and values for
antioxidant activity we found that extracts and infusions with the highest
concentrations of phenolic compounds and flavonoids also have strong
scavenging effect. Based on these results, extracts and infusions of Ginkgo
biloba exhibited phenolic concentration-dependent scavenging effects.
Numerous investigations of the antioxidant activity of plant extracts have
confirmed a high linear correlation between the values of phenolic content and
antioxidant activity [71].

CONCLUSION

In this study, the basic profile of total phenolic compounds, total
flavonoids and biological activity by measuring of antioxidant capacity of
Ginkgo biloba leaves extracts and infusions was determined. All parameters
were determined for plant extracts obtained using solvents with different
polarity (water, methanol, ethanol, acetone, ethyl acetate, buthanol and
petroleum ether), infusions obtained using methanol and ethanol, water
infusions obtained by different methods for preparations, as well as for
standardized Ginkgo biloba extract dissolved in methanol and ethanol. Total
phenolics content and flavonoids, as well as antioxidant activity varied
according to both the type of solvent used and the method of preparation of the
extract and infusion. The comparison of the effectiveness of various solvents
and methods for infusion preparation showed large variability. Polar solvents
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such as ethanol and boiled water have the highest extraction efficiency. The
ethanolic crude extract, ethanolic infusion, water infusion obtained using
boiled water from powdered Ginkgo biloba leaves and ethanolic solution of
standardized extract contain the greatest concentrations of phenolic
compounds, especially flavonoids and showed high antioxidant activity. The
comparative analysis indicates that the amount of phenolic compounds and
their activity depends on the solvent and method (water temperature) used for
extraction and infusion preparation. The results also suggest that there is a
relation between the quantity of phenolics, flavonoids and antioxidant activity.
A high value of antioxidant activity of Ginkgo biloba crude leaves extracts and
infusions was proven by comparing with the obtained results for Ginkgo
biloba standardized extract. The results of this study suggest that Ginkgo
biloba leaves have high concentrations of phenolic compounds which have
quite noticeable effects on the scavenging of free radicals. The extracts of
these plant species can be regarded as promising candidates for a natural
source of biologically active substances. Comparative analysis of different
extracts and infusions obtained using different methods as well as the selection
of effective solvent and method for extract and infusion preparation can be
helpful when estimating the beneficial properties of Ginkgo biloba leaves as
valuable medicinal raw plant materials to be used as natural antioxidants in
phytopharmacy.
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