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Abstract Sea fennel, a rediscovered star of the coastal
cuisine, has been investigated for its phytochemical profile
and biological potential. Sea fennel flowers, stems and
leaves were analyzed for essential oils (EOs) isolated by
hydrodistillation, as well as non-volatiles obtained by
ethanolic extraction. Limonene were found to be a domi-
nant compound in EOs and ethanolic extracts; ranging
from 57.5-74.2 % and 0.7-8.1 mg/g dry plant material,
respectively. In addition total phenolic content was deter-
mined for ethanolic extracts. All samples and their main
phytochemicals were tested for various methods. EO and
extract obtained from flowers were tested for vasodilatory
activity on rat aortic rings. Antioxidant activity of EOs was
extremely low in comparison to extracts, on the contrary to
cholinesterase inhibition where EOs showed better activity
than extracts. Flower extract and chlorogenic acid showed
stronger vasodilators in comparison to EO and limonene.
The obtained results point out the potential impact of the
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dominant compounds from EO and extract on the biolog-
ical properties of the sea fennel.

Keywords Chlorogenic acid - Limonene - Antioxidation -
Cholinesterase inhibition - Vasodilatation

Introduction

Crithmum maritimum L. is a facultative halophyte from the
family of Apiaceae. Commonly known as sea fennel or
rock samphire, this wild, naturally salt-tolerant plant is
usually found on maritime rocks, piers and sandy beaches
along the Mediterranean, Black sea and European Atlantic
coasts (Meot-Duros and Magné 2009).

Sea fennel has a number of uses in culinary, medicine
and cosmetics. This highly aromatic herb has been used in
many European countries as edible vegetable or spice.
Beside cooked, it is often used for food flavouring, also
young leaves are usually prepared for salads or pickled in
vinegar and used as condiments. This herb has been for-
gotten for a long time, but in the last few years it has been
rediscovered and became the star of the coastal cuisine
(Ozcan et al. 2001; Male$ et al. 2003; Renna and Gon-
nella 2012). Sea fennel was also used in folk medicine as
an appetizer, tonic, carminative, diuretic, or for treating
obesity due to its richness of biologically active com-
pounds such as vitamin C, -3 and ®-6 fatty acids, iodine,
carotenoids, minerals, organic acids and phenolics (Fran-
kie 1982; Guil-Guerrero and Rodriguez-Garcia 1999; Atia
et al. 2011; Siracusa et al. 2011). In the past, sea fennel
consummation protected sailors from scurvy. Its essential
oils (EOs) are also widely used in cosmetics (Atia et al.
2011; Jallali et al. 2014). Although in the case of sea
fennel usually leaves are used, other plant parts which
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remain unused could also be useful for culinary or
medicinal purposes. Due to the possible different phyto-
chemical composition and their yield in different plant
parts (Pateira et al. 1999; Houta et al. 2011), it is
important to investigate them separately in order to get
the insight into their biological potential. Also, the
majority of studies on sea fennel investigated the quali-
tative and quantitative compositions of its EOs: from
Turkey (Senatore et al. 2000; Ozcan et al. 2001), Portugal
(Pateira et al. 1999), Italy (Ruberto et al. 2000), and
Croatia (Males et al. 2003; KuliSi¢-BiluSi¢ et al. 2010),
with aim to support the hypothesis that several different
chemotypes of sea fennel grow in the Mediterranean
region. They reported significant fluctuations in EOs
composition containing monoterpenes as the main com-
pounds, while studies on sea fennel chemistry, especially
on its polar components and their biological activities are
scarce (Meot-Duros and Magné 2009).

Due to the oxidative stress a large percentage of popu-
lation is affected by chronic diseases, such as neurode-
generative disease, cardiovascular diseases, obesity, and
cancer but many studies show that natural compounds have
potential in reducing risk of such diseases. As one
antioxidant method cannot fully describe the antioxidant
activity of the samples, for the full evaluation multiple
method approach is necessary (Generalic Mekini¢ et al.
2014). For that reason, three antioxidant methods were
used, that are based on the fundamentally different reaction
mechanisms: Ferric Reducing/Antioxidant Power (FRAP)
(Electron Transfer, ET), 2,2-diphenyl-1-picrylhydrazyl
(DPPH) scavenging (Hydrogen Atom Transfer, HAT), and
a relatively new and not so common Briggs—Rauscher (BR)
reaction (combined mechanisms). One of the most com-
mon forms of neurodegenerative disorders, affecting many
elderly people, is Alzheimer disease and inhibition of
acetylcholinesterase (AChE)/butyrylcholinesterase
(BuChE) serves as a strategy for its treatment (Singh et al.
2013). Also, different experimental studies indicated that a
great variety of phytochemicals, especially those from
different herbs, have the potential to protect the vascular
system and improve the function of blood vessels. In our
previous researches (Mudnic et al. 2010), in addition to and
independently from their antioxidant effects, several plant
extracts and pure substances enhance the production of
vasodilating agents (nitric oxide, endothelium-derived
hyperpolarizing factor) and inhibit the production of
vasoconstrictor factors in endothelial cells.

Thus, the aim of this study was to explore the phyto-
chemical profile of sea fennel (EOs and ethanolic extracts)
from the different plant parts in order to explore their
antioxidant, AChE/BuChE inhibitory and vasodilatory
potential.

Materials and methods

All used reagents and solvents were of analytical grade.
Chlorogenic acid, acetylcholinesterase (AChE, from Elec-
trophorus electricus), butyrylcholinesterase (BuChE, from
equine serum), acetylthiocholine iodide (ATChI),
butyrylthiocholine iodide (BuTChI), 5,5'-dithiobis(2-ni-
trobenzoic acid) (DTNB), noradrenaline and acetylcholine
chloride were purchased from Sigma-Aldrich GmbH
(Steinheim, Germany).

Plant material collection, essential oil extraction
and extract preparation

The aerial parts of wild-grown sea fennel were harvested in
Central Dalmatia (Split, Croatia) during flowering stage
(August 2013). The plant material (flowers, stems and
leaves) was air-dried for 10 days at room temperature in a
shaded and aerated place. For the extract preparation dried
plant material was pulverised (1 min in high speed grinder)
into powder.

The volatiles were isolated from dried flowers, stem, and
leaves (100 g) by hydrodistillation in Clevenger type
apparatus according to the procedure described by Kulisic-
Bilusi¢ et al. (2010).

Extracts were prepared by mixing 10 g of the powdered
material with 100 mL of 80 % aqueous ethanol (v/v). In
order to obtain better extraction yield, ultrasonic assisted
extraction (35 kHz) was used (1 h, 50 °C, under reflux).
After the extraction, the suspensions were filtered. All
extracts were prepared in triplicate (i.e. for each plant part
three equal amounts of plant material were extracted sep-
arately), and obtained extracts from the same plant part
were combined into the final extract that was used in fur-
ther experiments. The extracts and essential oils (EOs)
were stored at —20 °C until analyses.

Gas chromatography and mass spectrometry
(GC-MS)

Gas chromatography analyses were performed on gas
chromatograph (model 3900; Varian Inc., Lake Forest, CA,
USA) equipped with mass spectrometer (model 2100T) and
non-polar capillary column VF-5MS (30 m x 0.25 mm
i.d., coating thickness 0.25 pm) (Varian Inc.). Chromato-
graphic conditions were as follows: helium was carrier gas
at 1 mL/min, injector temperature was 250 °C. The column
temperature was programmed at 60 °C isothermal for
3 min, and then increased to 246 °C at a rate of 3 °C/min
and held isothermal for 25 min. The injected volume was
1 uL and the split ratio was 1:50. MS conditions were:
ionization voltage 70 eV; ion source temperature 200 °C;
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mass scan range: 40-350 mass units. The analyses were
carried out in duplicate. The individual peaks were iden-
tified by comparison of their retention indices (relative to
Cg—C,o n-alkanes for VF-5MS) to those of authentic
samples and literature, as well as by comparing their mass
spectra with the Wiley 7 MS library (Wiley, New York,
NY, USA) and NISTO02 (Gaithersburg, MD, USA) mass
spectral database. The percentage composition of the
samples was computed from the GC peak areas using the
normalization method (without correction factors). The
component percentages were calculated as mean values
from duplicate GC-MS analyses.

Total phenolic content

The total phenolic content in sea fennel ethanolic extracts
was estimated using the Folin—Ciocalteu method (Katalini¢
et al. 2013). Spectrophotometric measurements were per-
formed on a SPECORD 200 Plus, Edition 2010 (Analytik
Jena AG, Jena, Germany). The measurements were per-
formed in triplicate for each sample and the results are
expressed as mg of gallic acid equivalents per g of dry
plant material (mg GAE/g of d.p.m.).

High-performance liquid chromatography (HPLC-
DAD)

HPLC used was Perkin Elmer Series 200 with UV/VIS
detector (Perkin-Elmer Inc., Shelton, CT, USA). Chloro-
genic acid was separated on an UltraAqueous C18 column
(250 x 4.6 mm, 5 mm, maintained at 30 °C, Restek,
Bellefonte, PA, USA). The flow rate was 0.8 mL/min.
Chlorogenic acid peak was identified by comparing the
retention time and absorption spectra with those obtained
using the standard under the same conditions, at 280 nm,
and it was quantified using external standard calibration
curve. Each sample was injected twice in the chromato-
graphic system. A gradient consisting of solvent A (water/
phosphoric acid, 99.8:0.2, v/v) and solvent B (methanol/
acetonitrile, 50:50, v/v) was applied as follows: from 96 %
A at 0.5 min to 50 % A at 40 min, to 40 % A at 45 min, to
0 % A at 60 min, to O % A at 68 min, to 96 % A at 70 min
and maintaining 96 % A for 10 min (80 min).

Antioxidant activity

The reducing potential of sea fennel EOs and EtOH
extracts was measured as ferric reducing/antioxidant power
(FRAP) as described by Benzie and Strain (1996). In this
assay, antioxidants are evaluated as reductants of Fe** to
Fe>*, which is chelated by 2,4,6-tri(2-pyridyl)-s-triazine
(TPTZ) to form a Fe’'—-TPTZ complex absorbing at
593 nm. The results are expressed in pmol Fe®" per litre of
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extract (umol Fe*™/L). 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) scavenging ability of the samples was measured
according to the procedure reported by Katalini¢ et al.
(2013). The results for radical scavenging activities were
expressed as inhibition percentage of DPPH radical (%
Inhibition).

The ability of samples to stop the oscillations in Briggs—
Rauscher (BR) assay was performed as described previ-
ously (Generali¢ Mekini¢ et al. 2014). In this assay, when
antioxidants are added to an active oscillating BR reaction
mixture there is an immediate quenching of the oscilla-
tions. The inhibition time linearly depends on the type and
concentration of the added antioxidant. Oscillations in the
BR mixtures were followed spectrophotometrically at
620 nm and the results are expressed as the inhibition time
(in min).

Acetylcholinesterase/butyrylcholinesterase
inhibitory activity

AChE/BuChE inhibitory activity measurements were
carried out by using slightly modified Ellman method as
described before for AChE inhibitory activity (Generali¢
Mekini¢ et al. 2013). The measurements were performed
on a Tecan MicroPlate Reader, model Sunrise (Tecan
Group Ltd., Minnedorf, Switzerland). A typical run con-
sisted of 180 pL. of phosphate buffer (0.1 M, pH 8),
10 p.. of DTNB (at a final concentration of 0.3 mM
prepared in 0.1 M phosphate buffer pH 7 with 0.12 M
sodium bicarbonate added for stability), 10 uL. of sample
solution (dissolved in EtOH), and 10 pL. of AChE/BuChE
solution (at a final concentration 0.03 U/mL). Reactants
were mixed in a cuvette and reaction was initialized by
adding 10 pL. of acetylthiocholine iodide/butyrylthio-
choline iodide (ATChI/BuTChl), at a final concentration
of 0.5 mM. As a negative control EtOH was used instead
of sample solution. Also non-enzymatic hydrolysis was
monitored by measurement of two blank runs for each
run. In short, in first blank mixture AChE/BuChE was
replaced with equivalent buffer amount and in second
blank mixture ATChI/BuTChI was replaced by equivalent
buffer amount. All measurements were done spectropho-
tometrically at 409 nm and room temperature for 6 min
period. The results are expressed as percentage inhibition
of enzyme activity.

Vasodilatory activity

Vasodilatory activity was analyzed by measuring isomet-
ric force of the isolated vascular rings (force transducers
FORT 10, World Precision Instruments, Berlin, Ger-
many), linked to an amplifier QUAD Bridge and a com-
puterized acquisition system MacLab/8e (ADInstruments,
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Castle Hill, Australia). The biological signals were pro-
cessed by CHART 4.2.4. software (ADInstruments). The
vasodilatory activity was determined in the isolated rat
aortic rings (n = 20 male Sprague-Dawley rats) as pre-
viously described (Musi¢ et al. 2005). The precontracted
rings were randomly exposed to cumulative concentra-
tions of EO, limonene and chlorogenic acid (1 mg/mL
stock solution) as well as extract having 0.5 %o to 6 %o
final dilutions in organ baths (n = 10 for all samples
tested). The relaxation was expressed as the percentage
decrease of the noradrenaline-induced vasoconstriction.
The 80 % aqueous ethanol (v/v) which was used as sol-
vent in preparation of sea fennel flowers extract had no
vasodilatory effect.

Statistical analysis

Statistical analysis was performed using GraphPad InStat3
(GraphPad Software, San Diego, USA). For statistical
analysis of vasodilatory activity, 1 and 2-way analysis of
variance, followed by Bonferroni post hoc tests was used.
Data are expressed as mean = standard error (SEM).
P < 0.05 was considered statistically significant. The tes-
ted samples differed significantly in total phenolic content
so we used dilution, instead of concentration, to express the
effective concentration, EC5o, which was calculated using
non-linear regression analysis.

Table 1 Phytochemical composition of sea fennel

Results and discussion
Chemical composition

Different parts of sea fennel (flowers, leaves and stems)
were used for isolation of essential oils (EOs) and prepa-
ration of EtOH extracts. EOs, were analyzed by GC-MS,
the phenolic content of extracts by Folin—Ciocalteu
method, while the concentration of chlorogenic acid was
evaluated using HPLC. The results are shown in Table 1.

The yield of EO in flowers was 2.44 %, while the sig-
nificantly lower amounts were isolated from leaves and
stems, 0.55 and 0.19 %, respectively. This was in accor-
dance with the results obtained by Pateira et al. (1999).
Similar like in the previous studies, monoterpenes consti-
tuted the major fraction of the EOs (Senatore et al. 2000;
Ozcan et al. 2001; Kulisié-Bilusi¢ et al. 2010; Jallali et al.
2014). Ten compounds, representing ca. 96 % of the EOs,
were identified and in all samples limonene, followed by y-
terpinene and sabinene, were the major compounds. Other
researchers also confirmed the limonene as major com-
pound in sea fennel EOs (Pateira et al. 1999; Ruberto et al.
2000; Senatore et al. 2000; Ozcan et al. 2001; Males et al.
2003; Kulisi¢-Bilusi¢ et al. 2010). The highest percentage
of limonene was found in stems (74.2 %) while its content
in flowers and leaves was 62.2 and 57.5 %, respectively.
According to this, Croatian and Sicilian sea fennel due to

No. Component RI Flowers Stems Leaves
Essential oils®

Monoterpene hydrocarbons

1. o-Pinene 938 4.9 0.1 0.1

2. Sabinene 975 12.0 8.1 13.4

3. f-Pinene 990 0.1 tr tr

4. Limonene 1039 62.2 74.2 57.5

5. v-Terpinene 1065 13.8 4.6 12.0

6. Terpinolene 1089 0.3 1.1 1.5

7. Alloocimene 1136 0.9 1.8 3.5
Oxygenated monoterpenes

8. Terpinen-4-ol 1192 2.0 59 6.9

9. a-Terpineol 1211 0.2 0.3 0.4

10. Thymol methyl ether 1238 0.2 0.4 0.3
Total identified (%) 96.6 96.5 95.6
Yield (%) 2.44 0.19 0.55
EtOH extracts
Total phenols (mg GAE/g of d.p.m.)® 326 £ 1.0 7.6 £0.2 351 £0.2
Chlorogenic acid (mg/g of d.p.m.) 7.7+ 13 0.7 £ 0.0 8.1 £0.1

* Analysed by GC-MS; RI = retention indices on VF-5MS column; tr—traces (<0.1 %)

" Analysed spectrophotometrically by Folin—Ciocalteu method
¢ Analysed by HPLC-DAD; d.p.m.—dry plant material
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distinctly high content of limonene could be a special
chemotype regarding those from Turkey, Portugal and
Southern Italy (Pateira et al. 1999; Senatore et al. 2000;
Ozcan et al. 2001; Jallali et al. 2014). EOs from flowers
and leaves were rich in y-terpinene while the amount of
this compound in stems was threefold lower.

While there are many reports on sea fennel EOs, the
information on polar component, like phenolics and
chlorogenic acid were scarce. The samples differed in the
content of total phenolics (Table 1), extracts of leaves and
flowers contained relatively high concentrations, 35.1 and
32.6 mg GAE/g of d.p.m., respectively, while in stems
more than fourfold lower amount was detected. Meot-
Duros and Magné (2009) and Jallali et al. (2014) reported
on relatively high concentrations of phenolic compounds in
sea fennel. These authors highlighted that the content of
phenolics in sea fennel was affected by different biotic and/
or abiotic factors that can influence the levels and the
biosynthesis of these plant metabolites. In their study
chlorogenic acid (5-caffeoylquinic acid) was the dominant
phenolic compound, while Siracusa et al. (2011) even
reported that chlorogenic acid, its isomers, and higher
derivatives were identified as almost the sole class of
phenolics in sea fennel infusions. Chlorogenic acid is a
phenolic compound widespread in the plant kingdom with
a broad spectrum of biological activities (Upadhyay and
Mohan Rao 2013). Although it is not officially specified as
a chemotaxonomic marker of the Apiaceae plant family
(like rosmarinic acid in Lamiaceae plants), its presence, in
relatively high amounts, in plants belonging to this
botanical family was widely described in scientific litera-
ture (Pandey et al. 2012; Upadhyay and Mohan Rao 2013;
etc.). In this study we explored the distribution of chloro-
genic acid in flowers, leaves and stems. Its concentration
ranged from 0.7 to 8.1 mg/g of d.p.m. with the highest
amounts found in leaves and flowers. The presented results
were in accordance with those previously described by

Meot-Duros and Magné (2009) who reported that sea
fennel was one of the most chlorogenic acid-rich Apiaceae
plants. Similar observations could be made regarding the
results on phenolics and chlorogenic acid content in other
Apiaceae species (Pandey et al. 2012; Maulidiani et al.
2014).

Biological activities
Antioxidant activity

The reducing activity of the samples, as well as limonene
and chlorogenic acid was tested by Ferric Reducing/An-
tioxidant Power (FRAP) assay, and the free radical scav-
enging activity was evaluated by 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) and Briggs—Rauscher (BR) method
(Table 2). In order to draw conclusions about the activities
of the dominant compounds on antioxidant capacity of EOs
and extracts, limonene and chlorogenic acid at concentra-
tion of 1 mg/mL were also tested.

The antioxidant activity of EOs was very low (Table 2),
due to absence of phenolics. Previous studies used different
methods for antioxidant evaluation of sea fennel EOs and
showed that monoterpenic hydrocarbons were weak radical
scavengers but have exhibited inhibitory activity on lipid
oxidation in food and biological systems (Ruberto et al.
2000; Kulisi¢-Bilusi¢ et al. 2010; Jallali et al. 2014).

The results of antioxidant activity obtained for ethanolic
extracts are also presented in Table 2. It can be seen that
the antioxidant capacity of extracts was significantly higher
in comparison to the EOs. The best results using all three
methods were obtained for leaves extract (FRAP value
17,335 pumol Fe”/L; DPPH inhibition % of 61.8; BR
inhibition 68 min), while the lowest activity was detected
for stems. This is in accordance with the results of Houta
et al. (2011) who reported on DPPH activity of sea fennel
metanolic extracts.

Table 2 Antioxidant activity of

sea fennel extracts and essential Sample FRAP (umol Fez+/L) DPPH (inhibition %) BR (min)
oils and its referent compounds  pogentia] oils Flowers 220+ 23 2.8 £ 0.0 03 +0.1
Stems 420+ 23 28 +£0.2 0.8 + 0.0
Leaves 84 +24 2.6 £0.2 0.6 £ 0.0
Ethanolic extracts Flowers 16065.6 + 95.3 61.0 + 3.8 492 + 0.1
Stems 3009.4 £ 39.8 13.0 £ 0.7 1.7 £ 0.3
Leaves 17335.0 £ 276.0 61.8 + 3.8 68.0 £ 1.0
Referent compounds  Chlorogenic acid 370.2 + 6.9 91.6 + 0.7 1143 £ 2.5
Limonene 429 £+ 2.8 274+0.2 0.3+ 0.0

EOs, limonene and chlorogenic are tested at concentration of 1 mg/mL (the final concentration in reaction
system is 33 pg/mL), while the tested EtOH extracts (phenolic concentrations for flowers, stems and leaves
were 32.6, 7.6 and 35.1 mg of gallic acid equivalents (GAE)/g of dry plant material, respectively) were
tenfold diluted prior analysis. Values are expressed as mean =+ standard deviation
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Table 3 Acetylcholinesterase

(AChE) and Sample AChE inhibition (%) BuChE inhibition (%)
butyrylcholinesterase (BuChE) Essential oils Flowers 444 429 16.8 + 0.6
inhibitory activity of sea fennel
essential oils, extracts and its Stems 652+£02 248 £ 1.0
referent compounds Leaves 38.3 £ 4.7 245 £ 0.9
Ethanolic extracts Flowers 24.0 £ 0.6 154 £ 1.1
Stems n.a. 140 £ 04
Leaves 272 + 09 19.6 + 0.8
Reference compounds Chlorogenic acid 48.1 = 1.5 29.8 + 0.7
Limonene 68.8 = 0.6 212 £ 1.6

EOs and limonene were tested at concentration of 1 mg/mL (the final concentration in reaction system is
33 pg/mL), while chlorogenic acid was tested at concentration of 5 mg/mL (the final concentration in the
reaction mixture is 227 pg/mL). n.a.—no activity. Values are expressed as mean =+ standard deviation

In this study, beside well-known DPPH and FRAP
assays, a relatively new BR method was also used. BR
inhibition times ranged from 1.7 min for stems up to
68.0 min for leaves extract. The results for antiradical
activity of extracts from flowers and leaves (obtained using
both methods) reflect the high antioxidant potential of these
plant organs. Siracusa et al. (2011) reported a very strong
free radical scavenging activity of sea fennel infusions
which was comparable with commercial antioxidants like
BHT and BHA. The results obtained for pure chlorogenic
acid which exhibited extremely high inhibition of DPPH
radicals (91.6 %) and long inhibition of BR reactions
(114.3 min) (Table 2). Previous studies confirmed the role
of phenolic compounds as major antioxidants in plants,
especially within halophytic species (Jallali et al. 2014).
Chlorogenic acid is one of the most effective antioxidants
from the group of phenolic acids. The vicinal hydroxyl
groups on the aromatic ring of chlorogenic acid are
believed to be responsible for good hydrogen donating
capacity, reducing and radical scavenging activity (Sato
et al. 2011; Saqib et al. 2016). Although, extracts of sea
fennel flowers and leaves with the highest content of total
phenolics and chlorogenic acid provided highest antioxi-
dant activity and previous studies reported possible con-
sequences of these compounds on plant extracts bioactivity
(Meot-Duros and Magné 2009; Jallali et al. 2014); their
good antioxidant activity could attributed to the presence of
other antioxidative phytochemicals present in sea fennel
with such as vitamin C, carotenoids, organic acids, etc.

Cholinesterases inhibitory activity

Enzyme acetylcholinesterase (AChE) represents an
important target in the first stage of Alzheimer’s disease
(AD) while butyrylcholinesterase (BuChE) enzyme is more
important in the later stages of AD. The most promising
approaches for treating Alzheimer’s disease are usually
based on AChE and BuChE inhibitors (Wszelaki et al.

2010), and several medicinal plants have been reported to
contain or possesses AChE and BuChE inhibitory activity
(Mukherjee et al. 2007; Wszelaki et al. 2010; Generalié
Mekinié et al. 2013).

In present study, sea fennel EOs and extracts were
screened for their cholinesterase inhibitory activity
(Table 3). Generally, all investigated samples exerted a
better inhibition on AChE rather than on BuChE, while
EOs were more effective in comparison with the extracts.
The strongest AChE inhibitory activity, higher than 50 %,
was found in EOs from stems while the lowest activity
was observed for EO from leaves with the highest content
of oxygenated monoterpenes. The hydrophobic active site
of AChE is reported to be susceptible to hydrophobic
interactions. According to the findings presented in
Mukherjee et al. (2007) monoterpenes possess carbon
skeleton which may contribute to their anti-cholinesterase
activity. Limonene, a cyclic hydrocarbon, alone provided
good inhibitory activity, especially on AChE (68.8 %),
while moderate and threefold lower activity was detected
on BuChE (21.2 %).

The most active ethanolic extract was from sea fennel
leaves (AChE inhibition was 27.2 %), which can be
attributed to the high concentration of the chlorogenic acid,
but the presence of other biologically active compounds
should not be neglected. Pure chlorogenic acid, at a con-
centration of 1 mg/mL, showed inhibition on AChE of
48.1 % while it was found to exhibit weaker inhibitory
effect against BuChE. Leaves extract, having the highest
share of phenolics, showed the best BuChE inhibition
(19.6 %). Contrary, having the lowest phenolic content,
stems extract showed the weakest inhibitory activity
(below 15 %).

The similarity in the molecular weight and hydrophobic
moieties in the chemical structure of phenolics with the
well-known anti-cholinesterase inhibitors (tacrine, done-
pezil, galantamine, etc.) may explain the observed anti-
cholinesterase inhibitory activity.
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Fig. 1 Vasodilatory activity of:
a sea fennel flower essential oil 01
and ethanolic extract;

b chlorogenic acid and
limonene. Vasodilatory activity
is expressed as the percentage
decrease of the noradrenaline-
precontracted rat aortic rings.
Results are shown as

mean =+ standard error (SEM)
(n = 10)
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Vasodilatory activity

Aqueous or alcoholic (ethanol or methanol) plant extracts
are the most commonly used for testing vasodilatory
activity of plants, while organic solvents are rarely used.
However, number of studies, concerning vasodilatory
effects of various essential oils and their constituents, is
increasing (Magalhdes et al. 2008; Pereira et al. 2013).

Vasoactive effects were screened in the noradrenaline-
precontracted rat aortic rings (Fig. 1). Basal tension of the
rat aortic rings (n = 40) following exposure to nora-
drenaline was 16.6 = 0.8 mN. All examined samples and
compounds showed similar vasodilator potency (ECsy of
1.1 %o and 2.0 %o for EtOH extract and EO, respectively;
0.004 %0 and 0.007 %o for chlorogenic acid and limonene,
respectively). The maximal vasodilatory effect (E,.,) for
the EO was 23.0 £+ 8.3 %, while for EtOH extract was
447 + 6.5 % (Fig. 1a). Pure limonene and chlorogenic
acid showed dose-dependent and direct vasodilatory
activity until reaching E.., (227 £86 % and
50.4 £ 4.1 %, respectively) (Fig. 1b).

The vasodilatory effect of EO was relatively weak and
similar to the activity of its main constituent, limonene. Till
date vasodilatory activity of limonene was not evaluated.
However, other monoterpenes compounds like terpinen-4-
ol, carvacrol and thymol were shown to have vasodilatory
activity but in much higher concentrations (up to 6000 uM)
in comparison to limonene, which was 70 microM and
appeared to be several fold lower from other monoterpenes
(70 uM) (Peixoto-Neves et al. 2010; Maia-Joca et al.
2014). Selected concentration range was used to roughly
“cover” concentrations that are feasible with the in vivo
conditions (Miller et al. 2013).

When comparing the vasodilatory effectiveness of the
EtOH extract and chlorogenic acid we can see that they are
almost equally strong vasodilators. Since EtOH extract is
rich with chlorogenic acid, its strong vasodilatory activity
can be, at least partially, attributed to this phenolic com-
pound, but the overall effect of the EtOH extract could be

@ Springer
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affected by other present phenolics. It was previously
shown that a synergistic effect of a blend of different
phenolics is responsible for maximal induction of
endothelial NO synthase in human endothelial cells (Wal-
lerath et al. 2005). Also, some non-phenolic compounds
could affect vasodilatory activity. The inactivation of nitric
oxide by oxygen free radicals, which contributes to
endothelial dysfunction in essential hypertension, is
decreased by vitamin C. However, vasodilatory activity of
numerous plant extracts is strongly correlated with their
content of total phenolics, whereas there is no such cor-
relation with the content of individual phenolic compound.
In the previous study, among 9 tested phenolic acids, gallic
acid, an excellent antioxidant, was shown to have no
vasodilatory effects, whereas caffeic acid was found to be
the “strongest” vasodilator (Mudni¢ et al. 2010). In this
study, chlorogenic acid, an ester of caffeic and quinic acid,
was shown to have two fold higher E, .« than caffeic acid.
Vasodilatory effect of chlorogenic acid in vivo was also
shown in animals (Taguchi et al. 2014) and its hypotensive
effects in humans (Mubarak et al. 2012).

Conclusions

The EOs and extracts from different parts of Croatian sea
fennel, with high content of phytochemicals, limonene and
chlorogenic acid, were found to have different impact on
investigated biological properties. EOs were found to be
very effective against cholinesterase enzymes. On the other
hand, sea fennel flower extract showed to have good
vasodilatory activity. These properties can imply the
potential for use of sea fennel, especially flowers and stems
which utilization is not so traditional, in food, pharma-
ceutical and other industries.
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