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There is a lack of research focussing on Liriodendron tulipifera L.
and Ginkgo biloba L. introduced in Lithuania. Moreover,
extensive comparative phytochemical studies of these two relict
plants have not yet been carried out. Therefore the aim of this
study was a complex comparative analysis of biologically active
compounds of these two plants introduced in Lithuania, using
spectrophotometric, chromatographic and mass spectrometric
techniques. To the authors’ knowledge there is no data published
yet on comparative analysis of Liriodendron tulipifera L. and
Ginkgo biloba L. introduced in different countries. Volatile com-
pounds, radical scavenging activity, total amount and composition
of phenolic compounds and flavonoids accumulated in leaves of
these plants during different vegetation periods were determined.
Remarkable differences of quantitative and qualitative com-
position of phenolic compounds have been determined in dif-
ferent vegetation periods in different plants. The highest total
amount of phenolic compounds was in Liriodendron tulipifera L.
leaves collected at the start of seed ripening vegetation period
(12 300 mg RE/100 g). In Ginkgo biloba L. the highest amount of
phenolic compounds was determined at the end of leaves growth
(5990 mg RE/100 g). The qualitative and quantitative analysis of
phenolic compounds revealed the presence of rutin, chlorogenic
and sinapic acids in extracts of Liriodendron tulipifera L. and rutin
with chlorogenic acid in extracts of Ginkgo biloba L. Composition
and amount of volatile compounds were dependent on the
plant species and vegetation period. The highest concentration
of volatile compounds was found in the leaves of Liriodendron
tulipifera L. at the end of flowering.
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INTRODUCTION

Plant extracts are traditionally used as medi-
cines for treatment of diseases and widely
used as topical applications for anti-aging and
wound-healing [1]. Introduced plant species
that became successful invaders appear often
more vigorous and taller than their conspeci-
fics in the native range [2].

Ginkgo biloba L. is a monotypic genus native
to China and extracts of leaves of this plant
have been well known for many centuries for
its biological activities. The major components
in Ginkgo biloba L. are flavonoids such as
quercetin, kaempferol, rutin and robinin
[3]. These chemical constituents have free
radical scavenging properties and function as
antioxidants. The flavoglycosides contained
in Ginkgo biloba L. are compounds of the
most medicinal interest and have exhibited
remarkable pharmacological capabilities [4,
5, 6, 7]. The terpene compounds of Ginkgo
biloba L., which include the ginkgolides and
the bilobalides, help to lessen inflammation
by inhibiting platelet activating factor (PAF)
in the blood [8]. This activity improves blood
circulation. PAF plays a certain role in diseases
such as atherosclerosis, asthma, heart attacks
and strokes. Extract of Ginkgo biloba L.
(Ginkgoaceae) has been extensively used in a
variety of cardiovascular and cerebrovascular
diseases such as ischemia, dementia and
depression [9, 10]. In traditional Chinese
medicine Ginkgo biloba L. has been used
for many centuries. Nowadays extracts of
Ginkgo biloba L. are one of the most globally
used medicines, particularly in the USA and
Europe [11, 12]. Extracts of Ginkgo biloba L.
are appreciable alternative medicine and are
used for treatment and prevention of various
pathologies. These extracts are suggested as
additional preparations by the medicine [13].
Therearealot of compounds of pharmacological
interest in the extracts of Ginkgo biloba L.,
such as terpenoids, polyphenols, alkylphenols,
alylphenols, organic acids, carbohydrates, fatty
acids and lipids, inorganic salts and amino

acids. It was assessed that methanolic extract
of Ginkgo biloba L. possesses a more effective
antioxidant capacity than acetone extract,
depending on the extraction solvent effect.
High total amount of phenolic compounds
of the methanolic extract correlates with the
antioxidant properties [14].

Liriodendron tulipifera L. is a fast growing
hardwood tree species native to the North
America, which is used for wood and pulp
products [15, 16]. Earlier investigations on
the chemical constituents of Liriodendron tuli-
pifera L. dealt with sesquiterpenes [17] and se-
veral alkaloids [18]. Liriodendron tulipifera L.
(Magnoliaceae) was found to show inhibitory
activity towards farnesyl protein transferase
(FPT-ase). Bioassay-guided fractionation of
the methanolic extract resulted in the iso-
lation of lipiferolide, an inhibitor of FPT-ase.
This compound can be of interest in the de-
velopment of effective therapeutic agents for
the treatment of cancer [19]. Compounds
present in Liriodendron tulipifera L. can play
an assistant role in the anti-oxidant and anti-
tyrosinase effects. Components of Liriodendron
tulipifera L. are promising chemopreventive
agents against melanoma metastasis in clinical
applications [20]. There have been found ca.
40 secondary metabolites, a considerable
part of which are alkaloids, in the extracts of
Liriodendron tulipifera L. [21]. One of Lirio-
dendron tulipifera L. alcaloids - glaudine was
included into a group of substances being
tested against the gypsy moth (Lymantria
dispar), although it was found that the toxin is
weak and ineffective for eradication of larvae
[22]. However, little is known about other
bio-functions of this plant. Sesquiterpenes
lactones from Liriodendron tulipifera L. have
appetite-inhibiting properties [22]. Lirio-
denine derivatives have been reported to
be cytotoxic to many cancer lines including
breast cancer, lung cancer and hepatoma cells.
Additionally, the anti-proliferative effects of
liriodenine and its derivatives may mediate the
apoptosis and ROS production within these
cells [23, 24, 25].
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MATERIALS AND METHODS

Chemicals

Methanol (99.8% pure) was acquired from
Chempur (Poland). Folin-Ciocalteu’s phenol
reagent, syringic acid, acetonitrile, 2, 2-diphe-
nyl-1-picrylhydrazyl (DPPH), quercetin and
rutin (95% pure) were obtained from Sig-
ma-Aldrich (USA). Sodium carbonate 99%
pure was obtained from Reachem (Slovakia).
Gallic, chlorogenic, synapic, ferrulic acids,
hexamethylenetetramine (96% pure) and na-
ringenin were from Fluka (USA). Caffeic,
protocatechuic, o-coumaric acids were pur-
chased from Acros Organics (USA). Alu-
minium chloride (AICL,), 98% pure, was pur-
chased from Roth (Germany). Sodium acetate,
99.2% pure, was obtained from Fisher (USA).
Acetonitrile, 99.8% pure, was purchased from
Baker (Netherlands). Acetic acid, 99% pure and
sodium dihydrogen phosphate, 99% pure, were
purchased from Lachema (Czech Republic).
Trifluoroacetic acid, 98% pure, was from Merck
(Germany).

Plant materials and extraction

Leaves of two plants, Ginkgo biloba L. and Li-
riodendron tulipifera L. were collected from
Kaunas Botanical Garden of Vytautas Magnus
University in 2012 and all were identified prior
to extraction (Table 1).

Table 1. Samples of leaves investigated

The dried leaves were crushed using mortar
and pestle. Dry plant material (500 mg) was
soaked in 20 ml of aqueous methanol (75%)
and extracted in orbital shaker for 15 h at room
temperature. The extract was filtered through
paper and 0.22 pm membrane filters to remove
mechanical particles. The filtrates were stored
at 4 °C for further analysis. The same extract
of every plant sample was used to carry out
all chromatographic and spectrophotometric
determinations.

Determination of total amount of phenolic
compounds

The method reported by Stankevicius et al. [26]
was slightly modified and used to determine
the total amount of phenolic compounds
(TAP) in the extracts. The plant extracts were
diluted 10 times with 75% (vol.) methanol prior
to analysis. 100 pl of each diluted sample was
mixed with 3 ml of 3.3% sodium carbonate so-
lution and 100 ul of Folin-Ciocalteu’s reagent
(2 N) was added. After incubation for 30 min
at room temperature the absorbance at 760 nm
was measured using spectrophotometer Spec-
tronic 1201 (Milton Roy, USA). The linear
calibration curve ranged between 0.01 and
1.00 mg/ml (R? = 0.9936). Mean values were
calculated from three colorimetric reactions
carried out parallel for every sample. Results
were expressed as rutin equivalents (RE) in
mg/100g of dry plant material.

Vegetation Marklng Colour Number of
Plant . of vegetation
period . of leaves sample
period

End of leaf growth A, Green 1

End of leaf growth A, Green
Ginkgo biloba L. Seed ripening \ Green 3

Leaf Green and

. . L, 4

discolouration yellow
End of flowering Z, Green 5

Liriodendron Ensd of ﬂ(f)wercllng Z, Green
tulipifera L. tart of see Vv, Green 7

ripening

First ripened seeds v, Green 8
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Determination of total amount of flavonoids

The total amount of flavonoids (TAF) was
determined using the method described by
Urbonavidiaté et al. [27]. This method is based
on complexation of phenolic compounds with
Al (III) providing an absorbance maximum
at 407 nm. 80 pl of each extract in methanol
was mixed with 1 920 pl of a reaction mixture
(60 ml of methanol (100%), 3 ml acetic acid
(33%), 12 ml of hexamethylenetetramine (5%),
9 ml of aluminium chloride (10%) and 60 ml
of bidistilled water). The absorbance at 407 nm
was read after 30 min incubation at ambient
temperature. The calibration curve ranged
between 0.01-1.00 mg/ml (R* = 0.9980). All
determinations were carried out in triplicate
from 3 parallel analyses. TAF was expressed
in rutin equivalents (RE), mg per 100 g of dry
plant material.

DPPH radical scavenging assay

DPPH radical scavenging activity (RSA) was
performed according to the method reported
in [28] with some modifications. The plant
extracts were diluted 50 times with 75% (vol.)
methanol prior to analysis. 7 pl of sample or
methanol (blank) were added to 3.000 ml of
methanolic solution of 100 mM DPPH and
vortexed. After 15 min, absorbance at 515 nm
was measured using spectrophotometer Spec-
tronic 1201 (Milton Roy, USA). The calibra-
tion curve ranged between 0.05-0.25 mg/
ml (R? = 0.9920). All measurements were
performed in triplicate and the result was an
average of three values. The DPPH RSA was
calculated in rutin equivalents (RE), mg per
100 g of dry material.

High performance liquid chromatography
using electrochemical detection

For separation and electrochemical detection of
extracted compounds high performance liquid
chromatography (HPLC) gradient system (ESA,
USA) was used. The method was described
earlier in [26]. For analysis, 20 ul of sample was

injected by means of model 542 auto sampler.
High-pressure gradient was formed using
two 582 HPLC pumps. Reversed-phase C-18
column 80 x 4.6 mm, particle size 3 um, 120 A
pore size (ESA, USA) was used for separations.
Chromatograms were acquired by means of
model 5600 CoulArray electrochemical detec-
tor with the array of cells with the potentials
set at 300, 500, 700 and 900 mV. Flow rate of
the mobile phase was 0.75 ml/min. Elution was
performed using two component mobile phase.
Solvent A was composed of 50 mM sodium
dihydrogen phosphate (pH 3) with 1% (vol)
additive of methanol. Solvent B was a mixture
of 100 mM sodium dihydrogen phosphate,
pHv3, acetonitrile and methanol (30:60:10 v/v).
Phenolic compounds were eluted using the
following gradient: 10% of B at 0 min; 100% of
B at 46 min; 10% of B at 57 min and 10% of
B at 63 min. Flow rate was set at 0.25 ml/min.
The quantities of the identified compounds are
expressed in mg per 100 g of dry plant material.

Solid phase micro extraction conditions

For headspace solid phase micro extraction
(SPME), a divinylbenzene/carboxene/polydi-
methylsiloxane (DVB/CAR/PDMS) coated
fiber (SUPELCO, Bellefonte, USA) was used.
SPME and injection of samples were carried
out automatically with auto sampler AOC-20
(Shimadzu, Japan). Aliquots of 500 mg of leaves
(air-dry; 9% water content) in capped vials were
incubated at 50 °C for 10 min prior to piercing
through the septum of the vial cap. Adsorption
time was 10 min at 50 °C for samples. The
fiber was withdrawn and transferred into the
injection port of the GC. Desorption time
was set to 1 min while the temperature of the
injection port was 250 °C.

Gas chromatography-mass spectrometry con-
ditions

Gas chromatography-mass spectrometry (GC-
MS) analyses were carried out using model
GC-2010 gas chromatograph with model
GCMS-QP2010 mass spectrometer (Shimadzu,
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Sample 4

Cexp’
mg/100 g

tz, min

Sample 3

Cexp)
mg/100 g

tz, min

Sample 2

Cexp)
mg/100 g

ty, min

Sample 1

Cexp’
mg/100 g

ty, min

Standard

Table 3. Identification and quantification of phenolic compounds in leaves of Liriodendron tulipifera L. and Ginkgo biloba L. extracts using HPLC-ED

Plant sample

Chlorogenic
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16.59 £ 0.13

acid
Rutin

Ginkgo biloba L.
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The chromatographic system with the
electrochemical detector (HPLC-ED system) was
used for a reversed-phase liquid chromatographic
evaluation of the phenolic compounds pre-
sent in plants extracts. Eleven phenolic com-
pounds, namely gallic, chlorogenic, caffeic,
ferrulic, syringic, synapic, 3,4-dihydrobenzoic
(protocatechuic), 2-hydroxycinamic (o-couma-
ric) acids, rutin, naringenin, quercetin as external
standards were injected into HPLC-ED system
for identification and quantification of separated
compounds in plants extracts. All standards were
injected separately and their retention time was
recorded and matched with chromatograms of
plants extracts.

The results of quantitative analysis are shown
in Table 3. Two phenolic compounds were
identified in the extracts of Ginkgo biloba L.,
namely rutin and chlorogenic acid. Rutin was
found in all samples of leaves of Ginkgo biloba L.
The highest amount of rutin was in sample 4 (end
of leaf growth phase) (2.54 mg/100 g), the lowest
was in sample 1 (leaf discolouration phase)
(0.86 mg/100 g). Ding et al. have described that
rutin is one of the ten major active components
(bilobalide, ginkgolides A, B, C, quercetin,
kaempferol, isorhamnetin, rutin, quercetin-3-f-
D-glucoside and quercitrin) in Ginkgo biloba L.
extract [30].

Rutin, chlorogenic and sinapic acids were
found in all samples of leaves of Liriodendron
tulipifera L. The highest amount of chlorogenic
acid was determined in leaves at start of
seed ripening vegetation period (sample 7)
(58.2 mg/100 g) and the highest amount of rutin
and sinapic acid was found in leaves collected at
the end of flowering (sample 5) (78.96 mg/100 g
and 5.56 mg/100 g). As reported by Sullivan et al.
[31], chlorogenic acid is one of the predominant
phenolic compounds in Liriodendron tulipife-
ra L. leaves, which is in agreement with the
results obtained for the same plant cultivated in
Lithuania.

The GC-MS method was used to determine
the qualitative and quantitative composition of
the plants samples. Selection of the operating
conditions depends on the specific compound or
compound family to be extracted or a matrix of
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Fig. 1. Composition of the essential oil main compounds of Gink-
g0 biloba L. leaves of different vegetation periods (samples 1-4)
at the optimum headspace SPME conditions (repeatability for
peak area: RSD = 5.15%; for retention time: RSD = 0.96%, n = 5)
sample. For more efficient headspace extraction ~ discolouration phase (sample 4). Some

of volatile compounds the dry material of
leaves (500 mg) was soaked in bidistilled water
(0.5 ml) for 15 h, since dry samples resulted in
ca. seven times lower concentrations of volatile
compounds.

In the samples of Ginkgo biloba L.
leaves (Fig. 1) 10 volatile compounds were
identified using mass spectra library. The
highest concentrations were of cis-3-hexen-
1-ol, cis-3-hexenal, 1-hexanol and 2-hexenol.
cis-3-hexen-1-ol, cis-3-hexenal, 1-hexanol
are components of the odour of freshly mown
grass. Hexanal and nonanal were not found
during leaf discolouration vegetation period
(sample 4); 2-hexenol and phenylmethanol
were not found at the end of leaf growth
(sample 1). It is noteworthy that aldehydes
hexanal and nonanal were determined in the
earlier stages of vegetation (samples 1, 2, 3),
however, they were not present in the leaf

alcohols, i. e. 2-hexenol and phenylmethanol,
contrariwise, were not present during the
earlier vegetation phase (end of leaf growth,
sample 1).

Li et al. [32] have revealed that limonene,
isoprene and ocimene are dominating volatile
compounds in branches of Ginkgo biloba L.
in Shenyang (China). These compounds were
not found in analysed leaves samples of Ginkgo
biloba L. grown in Lithuania.

In the samples of Liriodendron tulipife-
ra L. (Fig. 2) eleven volatile compounds were
identified and quantified. In leaves of Lirio-
dendron tulipifera L. concentrations of cis-3-
hexenal, 2-hexenol, germacene D, B-ocimene
and neocembrene were highest. Monocyclic
diterpene neocembrene as well as sesqui-
terpenes [-selinene and bicyclogermacrene
were not determined in the early vegetation
phase (end of leaf growth, sample 5). As
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Fig. 2. Composition of the essential oil main compounds of Lirioden-
dron tulipifera L. leaves of different vegetation periods (samples 5-8)
at the optimum headspace SPME conditions (repeatability for peak
area: RSD = 5.15%; for retention time: RSD = 0.96%, n = 5)
250000000
200000000
=
=
S 150000000
s
E
e 100000000
50000000 I
L
1 2 3 4 5 6 7 8

Samples

Fig. 3. Concentration of volatile compounds of Liriodendron tulipife-
raL.and Ginkgo bilobaL.leaves of different vegetation periods (samples
1-8) at the optimum headspace SPME conditions (repeatability for
peak area: RSD = 5.15%; for retention time: RSD = 0.96%, n = 5)
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reported by Azuma [33], the concentrations
of limonene and B-ocimene are the highest in
samples of Liriodendron tulipifera L. collected
from native growing places in North America.
In all samples of Liriodendron tulipifera L. cis-
3-hexenal, 2-hexenol, limonene, P-elemene
and germacene D were determined. cis-
3-hexenal is an aroma compound with an
intense grassy-green odour of freshly cut green
grass and leaves. Concentration of volatile
compounds in the samples of Liriodendron
tulipifera L. was higher than in samples of
Ginkgo biloba L. (Fig. 3) during all the vege-
tation phases investigated. The highest con-
centration of volatile compounds was at the
end of flowering (sample 6) of Liriodendron
tulipifera L., more than five times higher than
during period of seed ripening (sample 3)
of Ginkgo biloba L., where concentration
of volatile compounds was the lowest. The
highest concentration of volatile compounds
in samples of Ginkgo biloba L. was on the
period of leaf discolouration (sample 4).

The results obtained allowed us to draw a
conclusion that Liriodendron tulipifera L. leaf
extracts are stronger in radical scavenging
activity compared to Ginkgo biloba L. and
accumulate higher amount of phenolic
compounds compared to Ginkgo biloba L. A
lower concentration of volatile compounds
was also determined in Ginkgo biloba L.
leaves compared to Liriodendron tulipifera L.
leaves.

CONCLUSIONS

1. It was determined that the highest total
amount of phenolic compounds, flavonoids
and highest radical scavenging activity are
characteristic for Liriodendron tulipifera L.
leaves collected at the start of seed ripening
(sample 7) vegetation period (total amount
of phenolic compounds 12 300 mg RE/100 g,
total amount of flavonoids 2 280 mg RE/100 g
and radical scavenging activity 14 020 mg
RE/100 g). In Ginkgo biloba L. the highest
amount of phenolic compounds and radical
scavenging activity are determined at the end of

leaf growth (sample 2) (total amount of pheno-
lic compounds 5 990 mg RE/100 g and radical
scavenging activity 10 170 mg RE/100 g).

2. The qualitative and quantitative analysis of
phenolic compounds in extracts of investigated
plants leaves using a high performance liquid
chromatography system with electrochemical
detector and external standards revealed the
presence of rutin, chlorogenic and sinapic
acids in extracts of Liriodendron tulipifera L.
and rutin with chlorogenic acid in methanolic
extracts of Ginkgo biloba L.

3. Variation of volatile compounds in the
leaf samples depends on plant species and on
vegetation period. The greatest qualitative and
quantitative variation of volatile compounds
was determined through the investigated vege-
tation phases of Liriodendron tulipifera L. The
highest concentration of volatile compounds
was found at the end of flowering (sample 6).
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FENOLINIU JUNGINIU, RADIKALU SURI-
SIMO AKTYVUMO IR LAKIUJU JUNGINIU
SUDETIES ANALIZE LIRIODENDRON TULI-
PIFERA L. IR GINKGO BILOBA L. LAPUOSE
SKIRTINGAIS VEGETACIJOS TARPSNIAIS

Santrauka

Lietuvoje introdukuoty Liriodendron tulipifera L.
ir Ginkgo biloba L. rusiy reliktiniy augaly pa-
lyginamoji fitocheminé analizé iki $iol nebuvo
atlikta. Sio tyrimo tikslas - atlikti biologiskai
aktyviy junginiy, aptinkamy $iuose dviejuose Lie-
tuvoje introdukuotuose augaluose, kompleksine
palyginamaja analize¢ taikant spektrofotometri-
nius, chromatografinius ir masiy spektrometrijos
metodus. Straipsnio autoriy ziniomis, iki $iol ne-
buvo publikuota skirtingose $alyse introdukuoty
Liriodendron tulipifera L. ir Ginkgo biloba L. augaly
analizés duomeny. Tyrimo metu buvo nustatyta
lakiyjy junginiy sudétis, radikaly suri$imo ak-

tyvumas, fenoliniy junginiy ir flavonoidy sudétis
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bei bendras kiekis, kaupiamas $iy augaly lapuose
skirtingais vegetacijos tarpsniais. Pastebéti zenklas
fenoliniy junginiy kiekybinés ir kokybinés sudé-
ties skirtumai skirtingais $iy augaly vegetacijos
tarpsniais. Didziausi fenoliniy junginiy kiekiai
rasti Liriodendron tulipifera L. lapuose, surinktuose
sékly brendimo pradzioje (12 300 mg RE/100 g), ir
Ginkgo biloba L. lapuose, surinktuose lapy augimo
pabaigoje (5 990 mg RE/100 g). Fenoliniy junginiy
kiekybinés ir kokybinés analizés metu nustatyta,
kad Liriodendron tulipifera L. ekstraktuose yra chlo-
rogeno ir sinapo rag$ciy bei rutino, o Ginkgo bi-
loba L. ekstraktuose - chlorogeno ragsties ir rutino.
Lakiyjy junginiy sudétis ir koncentracija priklauso
nuo augalo rasies ir vegetacijos tarpsnio. Didziau-
sia lakiyjy junginiy koncentracija nustatyta zydéji-
mo pabaigos periodu surinktuose Liriodendron
tulipifera L. lapuose.

Raktazodziai: Liriodendron tulipifera L., Ginkgo
biloba L., radikaly suriSimo aktyvumas, vegetacijos
tarpsniai, DPPH, kietafazé mikroekstrakcija






