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Abstract: In the present study, three indigenous species of Solidago genus (Solidago gigantea, Solidago virgaurea and
Solidago canadensis) have been analyzed for the assessment of polyphenolic, phenyl propane derivates and essential oil
contents. In addition, a comparative morphological study was also described. The leaves and the flowers of the three
Solidago species were studied by scanning electron microscopy (SEM). The qualitative and quantitative
characterizations of the main polyphenolic compounds from the hydrolyzed extracts were carried out by using high
performance liquid chromatography with UV detection (HPLC-UV), high performance liquid chromatography coupled
with mass spectrometry (HPLC-MS) and gas chromatography coupled with mass spectrometry (GC-MS) for the
essential oil determination. The dominant flavonoidic aglycone found for all three species was quercetol with its highest
concentration registered in Solidago canadensis. Four components, a-pinene, mircene, bornyl acetate and germacrene D,
were detected in all the analyzed samples of essential oils. According to the comparative morphological analysis,
morphoanatomical differences were observed for the tryhomes, stomata and flowers of the studied Romanian Solidago
species.

Keywords: Solidago virgaurea L., Solidago gigantea Ait., Solidago canadensis L., polyphenols and essential oil,

scanning electron microscopy.

INTRODUCTION

Solidago gigantea Ait., Solidago canadensis L. and
Solidago virgaurea L. belong to the genus Solidago
(goldenrod) within the family of the Asteraceae, each of
them having several varieties. Solidago gigantea and
Solidago canadensis are originary from North America,
they were first introduced to Europe as an ornamental
plant in the 18" century, then following a widely spread.
Solidago virgaurea is the only one native to Europe
(Weber, 1997). Solidago species are successful worldwide
invaders. The mechanism of their presence in particular
areas is not clear. It is controlled by two factors:
Competitiveness or dispersion ability (Szymura and
Szymura, 2013).

The medicinal material Herba Solidaginis including S.
virgaurea, S. gigantea and S. canadensis presents several
therapeutic effects such as: antibacterial, antimycotic,
antiinflammatory, analgesic, anticancerogenic, sedative
and hypotensive reported so for. The pharmacological use
of Herba Solidaginis included the diseases treatment of
the urinary tract, nephrolithiasis and prostate conditions
(Thiem and Golinska, 2002). Solidaginis virgaureae
herba is included in the European Scientific Cooperation
for Phytotherapy monographs and according to the French
Pharmacopoeia goldenrod herb should be obtained from
S. virgaurea.

*Corresponding author: e-mail: dobjanschil@yahoo.com

The principal compounds identified in Solidago species
are: terpenoids, saponins, flavonoids, phenolic glycosides,
coumarins and essential oil (Weber and Jacobs, 2005).
S. gigantea exhibits moderate spasmolytic, diuretic
properties and antimycotic activity. The sesquiterpene
hydrocarbon profile of the Solidago species containing
germacrene D, germacrene A, o-humulene and -
caryophyllene was examined by GC-MS (Prosser et al.,
2002).

Many phytochemical studies of Solidago species collected
from various countries all over the world such as: Poland,
Turkey, Italy, Hungary, Russia and India were conducted.
The constituents of the essential oil of Solidago species
harvested from Poland were investigated by GC, GC-MS,
NMR spectroscopy identifying 60, 90 and 85 components
respectively (Kalemba, 1998; Kalemba et al., 2001;
Kalemba and Thiem, 2004; Demir et al., 2009; Bertoli et
al., 1999; Mishra et al., 2010; Tkachev et al., 2006; Apati
et al., 2003).

To the best of our knowledge, there are no reports so far
on the complete chemical composition and morphological
description of the Solidago species from Romania. Only
few preliminary studies concerning the phytochemical
and pharmacological characterization of Solidago sp.
were reported (Racz et al., 1980; Tamas et al., 1983;
Dobjanschi et al., 2012; Dobjanschi, 2008).
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Due to this reason, the aim of the present work was to
study the morphological features of the flowers and leaves
and also to identify and quantify the phenolic content and
the essential oil composition of aerial parts of Solidago
species (S. canadensis, S. virgaurea and S. gigantea)
harvested from Romania (fig. 1A-C). In addition, we
wanted to make a distinguishable comparison of these
three Romanian goldenrods species from phytochemical
and morphoanatomical point of view. The morphological
studies and the quantitative determinations of the
chemical compounds were achieved by using
chromatographic methods (HPLC-UV, HPLC-MS and
GC-MS) and scanning electron microscopy (SEM).

MATERIALS AND METHODS

Plant material

For the morphological studies and phytochemical
analysis, the plant material (Solidago herba) from the
three Solidago species were collected from Cluj county (a
province from Transylvania with hills having a
continental climate) during the blooming period, being
identified by prof. Tamas from Faculty of Pharmacy,
Cluj-Napoca, Romania.

Sample preparation for SEM analysis

The plant materials were preserved in 96% ethanol-acetic
acid mixture (3:1) and they were kept at 4°C (Andrei et
al., 1987). Then the leaves and the flowers were dried and
covered with metal under vacuum and after that they were
studied by using a scanning electron microscope (JEOL-
JSM 5510 LV from the Faculty of Biology and Geology,
University Babes-Bolyai Cluj-Napoca) (Tarnavschi et al.,
1981, Dobjanschi and Barbu, 2004).

Extraction procedure for HPLC analysis

The vegetal material was dried at room temperature and
grinded to fine powder (herba-pulvis).

For the phenolic content determination, 1.25g of vegetal
powder were extracted with 25ml of 50° ethanol on a
water bath, at 60°C, and then filtered. The samples were
then hydrolyzed: 1 part of extract was diluted with 1 part
of 2N HCI for 40 min on a water bath, at 80°C. The
essential oil was extracted by the method mentioned in
Romanian Pharmacopoeia, X Edition: 25g of vegetal
material were distilled with 500 ml water during 3 hours.

Chemicals

The 18 polyphenolic standard compounds: caftaric acid,
gentisic acid, caffeic acid, chlorogenic acid, p-coumaric
acid, ferulic acid, sinapic acid, hyperoside, isoquercitrin,
rutozid, myricetol, fisetin, quercitrin, quercetol, patuletin,
luteolin, kaempferol and apigenin were purchased from
Sigma (Germany). HPLC grade methanol, acetic acid and
hydrochloric acid were purchased from Merk (Germany).

Apparatus and chromatographic conditions
The quantitative and qualitative determination of
polyphenols was achieved by using HPLC-UV and

HPLC-MS, meanwhile for essential oil analysis was used
GC-MS.

HPLC analysis

The experiments were carried out by using an Agilent
1100 HPLC Series system (Agilent, Santa Clara, CA,
USA) equipped with G1322A degasser, HP 1100 Series
binary pump, UV HP 1100 detector and coupled with an
Agilent lon Trap 1100 VL mass spectrometer. A reverse-
phase analytical column Zorbax SB-C18 (100x 3.0mm
i.d, 3.5um particle) was employed working at 48°C. The
UV detector was set at 330 nm until 17 min, then at 370
nm. The MS system used an electrospray ion source in
negative mode.

The mobile phase was a binary gradient: methanol and
acetic acid 0.1% (v/v). The elution started with a linear
gradient of 5% methanol and ended at 42% methanol for
35 minutes; then for the next 3 minutes 42% methanol
and till 45min 5% methanol (Mocanu et al., 2015;
Hanganu et al., 2016). The flow rate was set on 1mL/min
and the injected volume was 5uL.

The MS signal was used only for qualitative analysis
while the UV detection was used for the quantification of
the previously identified compounds. MS spectra obtained
from a standard solution of polyphenols and integrated in
a mass spectra library allowed the positive identification
of the compounds from the samples compared to spectra
from library based on spectral match.

The external standard method was used for quantitative
determinations with calibration curves in the range 0.5-50
ng/mL for each substance (R*>0.999, five points plot)
(Conea et al., 2014; Hanganu et al., 2016). The limits of
detection were between 18-92ng/ml, meanwhile the
accuracy was in the range 94.13-105.3% (Hanganu et al.,
2016).

The four polyphenols which could not be quantified in the
mentioned chromatographic conditions due overlapping
(caftaric acid with gentisic acid and caffeic acid with
chlorogenic acid) were selectively identified in MS
detection for a qualitative analysis.

GC-MS analysis

The GC-MS experiments were performed by using a
Hewlett-Pakard 589011 GC with a SM-5 column (300 x
0.25mm i.d) coupled with an MSD 5972 mass
spectrometer. The injection volume was set on 0.2-0.5uL.
The identification of the compounds was achieved by
comparing the obtained spectra from the samples with
those from the soft database (Chem Information, Library
Winey 275), meanwhile the quantitative determination
was done by calculating the area under the curve.

1572

Pak. J. Pharm. Sci., Vol.32, No.4, July 2019, pp.1571-1579



STATISTICAL ANALYSIS

The analytical results were presented as mean of three
measurements and as standard deviation (SD). The
statistical analysis was carried out by using Excel
software and ANOVA (Tukey’s Multiple Comparison Test
and t test unpaired test).

RESULTS

SEM analysis

According to the morphological studies of S. virgaurea, S.
gigantea and S. canadensis, their folium and flos were
studied more thoroughly. The trichomes, stomata and
flowers of these three Romanian Solidago species were
compared. The results are illustrated in the figs. 2-4.

Fig. 1. A) Solidago virgaurea L.; B) Solidago gigantea
Ait.; C) Solidago canadensis L.
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Fig. 2: SEM images of trichomes on abaxial epidermis of
S. virgaurea (a), S. gigantea (b) and S. canadensis (c)
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Fig. 3: SEM images of stomata on abaxial epidermis of S.
virgaurea (a), S. gigantea (b) and S. canadensis (c)

Polyphenols analysis

The quantitative determination of the polyphenols was
performed by using the external standard method. The
HPLC chromatograms of the 18 polyphenolic compounds
were the same as presented by Conea et al. (Conea et al.,
2014). The retention time values and the parameters of the
calibration line equation for the polyphenolic standards
obtained by HPLC-UV were the same as demonstrated by
Conea et al. (2014). For the two pairs of phenolic acids
with incomplete separation (caftaric acid-gentisic acid,
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caffeic acid-chlorogenic acid) only a qualitative analysis
was achieved by UV detection.

N Y e

Fig. 4: SEM images of flowers of S. virgaurea (a), S.
gigantea (b) and S. canadensis (c).

Due to the presence of at least one phenolic function in
the molecule of the polyphenolic compounds (and one
carboxyl group for polyphenolic acids), they can be
transformed into negative ions (M-H) and thus they can
be analyzed by negative ionization, as indicated by Conea
et al. (2014).

The HPLC-UV and HPLC-MS chromatograms of the
hydrolyzed samples from the three Solidago species are
shown in fig. 5.

The chromatographic profiles of the three Solidago
species revealing some differences in their chemical
compositions are presented in table 1. It can be observed
that quercetol was found in the highest concentration in
all three analyzed samples.

Essential oil analysis

The GC-MS chromatograms revealed that the essential oil
of S. virgaurea, S. gigantea and S. canadensis contained
27, 30 and 12 respectively compounds. The composition
of the essential oil for the three samples is detailed in
table 2.

DISCUSSION

SEM analysis

According to the SEM analysis, there are some
distinguishable differences between the three Romanian
Solidago species. The abaxial epidermis of the leaf of S.
virgaurea presented non-glandular, long and unicellular
trihomes (200pm) with spiked edges at the leaf blade and
globular edges at the midrib. The leaf blade had smaller
and unicellular trihomes than those near the midrib (fig.
2a). The trihomes of S. gigantea had only spiked edges
(fig. 2b). According to Weber E. and Jacobs G (Weber and
Jacobs, 2005) leaf blades are usually glabrous above and
below, but may occasionally be pubescent on the leaf
underside. The abaxial epidermis of S. canadensis leaf
also presented numerous non-glandular, long and
unicellular trihomes (140pum) with globular edges. On the
adaxial epidermis of this species, there were both non-
glandular and glandular trichomes (fig. 2c).
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Fig. 5: HPLC-UV (Al, A2, A3) and HPLC-MS chromatograms (B1, B2, B3) of the hydrolyzed extracts from:

(A) S. virgaurea (B) S. gigantea and (C) S. canadensis

The mesomorphic stoma of S. virgaurea and S. gigantea
had smaller stomatal opening (<10um) than S. canadensis
(fig. 3a, 3b). The stomatal opening of S. canadensis was
bigger than the others (>10um) (fig. 3c). According to
both our studies and to Birute K. (Birute and Jolita, 2016),
Solidago species were amphistomatic as stomata were
found on both sides of the leaf surfaces, with the abaxial
epidermis having higher stomatal density than the adaxial
epidermis. Even though, some leaves of S. canadensis
were hypostomatic similarly to earlier reported data. The
observed stomata were anisocytic type at all three studied
species. Our data were in concordance with Szymura and
Wolski who described anisocytic type in the epidermis of
S. canadensis, S. gigantea and S. virgaurea and
anomocytic type in S. altissima and S. graminifolia
(Szymura and Wolski 2011). However, stomatal
characteristics are not highly reliable for taxonomic
differentiation of species as some previous studies
suggested that stomatal development, their size and
density are affected by different environmental factors

such as light intensity, amount of atmospheric CO,,
moisture, temperature and internal factors such as genome
size (Birute and Jolita, 2016).

S. canadensis presented more stigmatic papillae than the
tubular flower of S. virgaurea. The abundant and
cellulosic pappus of flowers have hairs with branched
edge (fig 4c). According to Szymura and Szymura
(Szymura and Szymura, 2013), plant height, inflorescence
length and width of Solidago species are correlated with
the amount of available soil nutrients. The European S.
gigantea and S. canadensis samples tend to produce
smaller shoots and inflorescences, but more rhizomes
with more buds than the American samples. The reason of
this observation is also the difference of soil nutrients
(Gusewell et al. 2006). In addition, according to Szymura
et al., the inflorescences of S. gigantea were smaller than
the less frequent species (S. altissima, S. canadensis and
Euthamia graminifolia) from south-western Poland
(Szymura et al., 2015).
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Table 1: Polyphenolic compounds content found in Solidago species (hydrolyzed extract, pg/ml)

Compound No. UV identified MS identified | S.virgaurea | S.gigantea | S.canadensis
Caftaric acid 1 NO YES - -
Gentisic acid 2 NO YES - -
Caffeic acid 3 NO YES - -
Chlorogenic acid 4 NO YES - -
p-coumaric acid 5 YES YES 1.536 1.422 1.296
Ferulic acid 6 YES YES 3.151 2.938 6.240
Quercetol 14 YES YES 64.730 124.560 144,955
Luteolin 16 YES YES 0.773 - -
Kaempherol 17 YES YES 9.954 10.250 25.389
Apigenin 18 YES YES 1.122 1.021 -
Values are the mean + SD (n = 3, SD between + 0.09 and + 1.85).
Table 2: Essential oil compounds from the three Solidago species
Ry Compound S. virgaurea (%) S. gigantea (%) | S. canadensis (%)
5.57 a-pinene 13.27 4.19 37.8
6.64 sabinene - 1.11 -
6.68 B-pinene 1.76 - 2.48
7.29 mircene 46.3 1.45 8.74
7.66 a-felandren 12.57 1.03 -
8027 p-cimene 9.27 2.38 -
8.33 limonene - - 24.98
8.98 fB-ocimene 2.16 - -
10.45 a-terpinene 0.69 - -
12.79 trans-verbenol - 0.92 -
18.68 Bornyl acetate 0.8 6.04 0.8
22.58 a-copaene 0.67 - -
23.29 B-elemene - 1.45 2.26
23.29 B-cubebene 4.08 - -
24.01 a-gurjunen - 5.22 -
26.67 y-gurjunen - 2.19 -
27.11 Germacrene D 1.56 7.5 14.08
27.7 isoleden - 0.93 3.93
27.71 a-amorfen 0.76 - -
28.85 Delta-cadinen 0.72 0.21 -
30.64 palustrol - 1.71 -
31.16 spathulenol 1.74 6.44 -
31.68 leden - 1.47 -
32.09 Azulen-4-ol - 3.75 -
34.17 Cicloizolongifol-5-ol - 3.1 -
35.45 3,4-difluoro-4—metoxi phenil - 2.62 -
38.21 aristolon - 36.73 -

Values are the mean £ SD (n = 3, SD between + 0.22 and + 2.75).

The pappus frequency of S. virgaurea was more numerous
than the pappus of S. gigantea, but this contained more
cells and it was more branched and divergent than the
pappus of the other two Solidago species (fig. 4a, 4b).
These observations are in accordance with the results
reported by Weber E. and Jacobs G (Weber and Jacobs,
2005). According to Takahashi and Matsuki, S. virgaurea
presented smaller number of large flower heads and
thicker stem diameter at higher altitudes (2000-2400 m
a.s.l) than at lower ones (1600-1900 m a.s.l.). This aspect

suggests that this plant adapts to high altitude conditions
(cool temperature, short growing season and strong wind)
by changing its vegetative and reproductive traits
(Takahashi and Matsuki 2016).

S. gigantea can be easily distinguished from the closely
related S. canadensis by its longer rhizomes, brownish
white pappus, glabrous stems and the denser inflorescence
architecture (Weber and Jacobs, 2005). In addition,
Semple and Uesugi also mentioned that the middle and
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Fig. 6: The content of flavonoid aglycones in the three Solidago species from the hydrolyzed extracts; mean + SD
(p<0.05, One way ANOVA, Tukey’s Multiple Comparison test, t test — unpaired test) K = kaempherol, Q = quercetol,
A = apigenin, L = luteolin, 1 = S. virgaurea, 2 = S. gigantea, 3 = S. canadensis

upper stem leaf margins were serrate and the
inflorescence usually was nearly as wide as tall at S.
canadensis and S. gigantea (Semple and Uesugi 2017).

The pollen grains of these three studied species are
tricolporate which is characteristic to Asteraceae family.
The earlier published features described higher pollen
viability at S. canadensis, S. gigantea and S. virgaurea
plants than the other Solidago species (Birute and Jolita,
2016).

HPLC analysis

The HPLC-UV and HPLC-MS methods that were
employed allowed the identification and quantification of
the polyphenolic content of the three Solidago species.

In the hydrolyzed extract of S. virgaurea, four flavonoid
aglycones were identified and quantified, namely
quercetol  (64.73ug/ml),  kaempherol  (9.95ug/ml),
apigenin (1.12pg/ml) and luteolin (0.77ug/ml). Analyzing
the phenyl propane derivatives, it appeared that
chlorogenic and caffeic acids were the main compounds,
ferulic and p-coumaric acids presented lower levels
(3.151pg/ml and 1.536pg/ml), meanwhile caftaric and
gentisic acids were confirmed only by MS spectra (fig. 5
and table 1).

In the case of the samples from S. gigantea, quercetol was
the major aglycone (124.53pg/ml) followed by
kaempherol (10.25pg/ml) and apigenin (1.02pg/ml). The
ferulic and p-coumaric acids were detected in lower
concentration in comparison with S. virgaurea (2.93
pg/ml and 1.42ug/ml respectively), meanwhile the other
phenyl propane compounds presented the same tendency
as for S. virgaurea and S. canadensis (fig. 5 and table 1).

Regarding the composition of S. canadensis extract, it can
be observed that two flavonoids presented the most
increased concentration from all three Solidago species:
quercetol 144.95pg/ml and kaempherol 25.38pg/ml.
Ferulic acid was also found in the highest amount (6.24
pg/ml), contrary to the p-coumaric acid concentration
(1.296pg/ml) (fig. 5 and table 1).

Luteolin was detected only in S. virgaurea, meanwhile
apigenin was absent only from S. canadensis. Quercetol
was found as dominant compound in all three species, the
best source being S. canadensis extract (fig. 6).

The statistical analysis of kaempherol and quercetol
contents indicated significant correlation (p<0.0001, ***).
The concentrations of kaempherol in S. virgaurea and in
S. gigantea were not statistically significant (p=0.2364
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calculated by using t test-unpaired test). The same it was
indicated in the case of apigenin concentrations in S.
virgaurea and in S. gigantea (p=0.3349, t test — unpaired
test) (fig. 6).

Flavonoids (polyphenols) are among the most studied
bioactive compounds from plants due to their significant
antioxidant potential and antimicrobial activity (Apati et
al., 2003; Apati et al., 2006; Demir et al., 2009; Hanganu
et al., 2016; Jurca et al., 2016; Mocanu et al., 2015; Patay
et al., 2016; Thiem et al., 2002; Vicas et al., 2015). S.
virgaurea harvested from Poland presented three
flavonoids, hyperoside, rutin and astragalin, in a
concentration range from 600 to 1850 mg/100 g, and two
polyphenolic acids, rosmarinic and chlorogenic, in a
concentration of 440-1200mg/100 g (Roslon et al., 2014).
The content of polyphenols and tannins from two
Solidago species from Ukraine (one native and one
invasive) were analyzed pointing out the enemy release
hypothesis (Omelchuk et al., 2013). It was demonstrated
that the ripeness stage, tissue type and extraction method
can influence the composition of the S. canadensis
extracts (contents of total phenolic, tannins and
flavonoids) and therefore the antioxidant activities also
(Denga et al., 2015). Sutovska et al., revealed that the S.
canadensis complex contained carbohydrates (43 wt%),
protein (27 wt%), phenolics (12 wt%), uronic acids (10
wt%) and inorganic compounds (8 wt%), exhibiting an
antitussive activity (Sutovska et al., 2013).

Concerning the essential oil composition of the three
analyzed species, it can be observed that there are four
common compounds, but in different concentration for
each plant: a-pinene (the major compound for S.
canadensis 37.8%), mircene (the highest amount in S.
virgaurea 46.3%), bornyl acetate (the dominant
compound in S. gigantea 6.04%) and germacrene D (S.
canadensis 14.7%).

In contrast, some compounds were identified only in
certain species: sabinene (S. gigantea 1.11%), limonene
(S. canadensis 24.98%), B-ocimene (S. virgaurea 2.16%),
trans-verbenol (S. gigantea 0.92%), a-gurjunen (S.
gigantea 5.22%), vy-gurjunen (S. gigantea 2.19%),
palustrol (S. gigantea 1.75%), aristolon (S. gigantea
36.73%). The major compounds found in the essential oil
of S. virgaurea were: mircene (46.3%), o-pinene
(13.27%) and a-felandren (12.57%). In the case of S.
gigantea, the highest quantified concentrations were:
aristolon (36.73%), germacrene D (7.5%) and spathenol
(6.44%), meanwhile for S. canadensis the main detected
compounds were: a-pinene (37.8%), limonene (24.98%)
and mircene (8.74%) (table 2).

In the Polish S. virgaurea samples, the main constituents
of all the essential oils were found a-pinene, myrcene, 3-
pinene and germacrene-D, meanwhile for S. gigantea, a-
pinene, myrcene, p-cymene, bornyl acetate, a- and y-
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gurjunene, germacrene D, ledol, eudesma-4(15),7-dien-
1B-ol and cyclocolorenone were the main constituents
(Kalemba et al. 2001). The three dominated essential oils
in S. canadensis harvested in Poland were a-pinene,
limonene and germacrene D (Kalemba and Thiem, 2004).
The hexane and alcoholic extracts of three Solidago
species analyzed by Kolodziej presented 39 and 49
compounds for S. virgaurea, 62 and 46 substances for S.
canadensis and 73 and 45 compounds for S. gigantea. The
ethanolic extracts exhibited antimicrobial activity
(especially against gram positive bacteria), meanwhile the
hexane extracts presented an antimutagenic activity
(Kolodziej et al., 2011). In the essential oil of S.
canadensis from China, 53 compounds were detected
among which the most important were: p-cubebene (26.9
%), o-pinene (13.8%), D-limonene (12.2%), PB-pinene
(9.3%) and bornyl acetate (3.2%). This essential oil
presented cytotoxic activity (Huang et al., 2012).
Meanwhile, the essential oil obtained from S. canadensis
from India contained as major components germacrene D
(64.06%), limonene (4.23%) and bornyl acetate (3.37%);
and exhibited analgesic activity and antimicrobial effect
mainly against gram positive bacteria (Mishra et al.,
2011).

CONCLUSIONS

Morphological and phytochemical investigations were
carried out by using plant materials obtained from three
Romanian species of Solidago genus: Solidago virgaurea,
Solidago gigantea and Solidago canadensis. The
morphoanatomical analysis was performed by using SEM
method which offered us detailed characterization of plant
samples of the studied species. HPLC method assisted by
UV-Vis and mass spectrometry detection was employed
for the identification and quantification of a wide range of
polyphenolic compounds and GC method for the
determination of the essential oil composition. The
dominant flavonoidic aglycone was quercetol and S.
canadensis was found to be the richest specie in
quercetol. Concerning the essential oil composition, the
three species of Solidago presented qualitative and
quantitative differences, but also some similarities. The
flavonoidic and the essential oil contents of the three
Solidago species represent a valuable natural source of
antioxidants and the assessment of their therapeutic
potential will be a following to this work. The identified
morphoanatomical  differences, the  polyphenolic
compounds and the essential oil composition completed
the available scientific data about these species and they
can be considered as chemotaxonomic and taxonomic
markers for the identification and differentiation of these
selected species.
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