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ABSTRACT:
Introduction – Globularia alypum L., belonging to the Globulariaceae family, is a perennial wild shrub found throughout theMed-
iterranean area, Europe, and Africa. This plant is widely used to treat many diseases, but no previous work on the phytochemical
composition of the Algerian G. alypum species has yet been reported.
Objective – To investigate the phytoconstituents of the methanolic extract of G. alypum using an LC-ESI-QTOF-MS method.
Methods – Ground air-dried leaves of G. alypum were macerated with methanol at room temperature for 24h. The superna-
tant was filtered and concentrated to dryness under reduced pressure in a rotary evaporator, and extracts were recovered
with methanol and filtered. Afterwards, the G. alypum extract was injected into the LC-ESI-QTOF-MS system.
Results – The combined LC–MS/MS led to the tentative characterisation of 63 phytochemicals. In this work, a large number of
compounds have been characterised in the leaf-extract analysis of this plant. Among others, 24 iridoids and secoiridoids were
found, of which nine compounds have not previously been recorded in G. alypum. Also, nine unusual phenylethanoid glyco-
sides were characterised for the first time in this species.
Conclusion – The method used has proved to be a valued tool for the characterisation of a wide range of compounds from
G. alypum leaves. This work constitutes a detailed investigation of the chemical composition of G. alypum leaves, which are
widely used in different traditional systems of medicine. Copyright © 2014 John Wiley & Sons, Ltd.
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Introduction
Globularia alypum L., of the family Plantaginaceae (formerly
Globulariaceae), is a wild perennial shrub found throughout
the Mediterranean area, Europe and northeastern Africa
(Elbetieha et al., 2000; Es-Safi et al., 2005). In the Mediterranean
region, there are two Globularia species: G. eriocephala (Pomel),
which is endemic, and G. alypum L. (Boutiti et al., 2008), which
is the subject of this study.

Known locally as ‘taselgha’, G. alypum is one of the most
prominent plants in the Algerian folk medicine. Its leaves have
been used traditionally as a hypoglycaemic, laxative, diuretic,
cholagogue, stomachic, tonic, purgative and sudorific agent,
and even as an aphrodisiac (Calis et al., 2002a; Jouad et al.,
2002; Es-Safi et al., 2005). Moreover, this plant has been used
to treat haemorrhoids and cardiovascular diseases. More
recently, it has been found that the extracts from the whole
plant reduced histamine and serotonin contraction in vitro
and were active against lymphocytic leukaemia P-388 and
neoplastic cell culture (Fehri et al., 1996; Bello et al., 2002;
Es-Safi et al., 2006). It was also found to have anti-viral activity
against polio (Soltan and Zaki, 2009). Concentrated decoctions
of young branches and leaves are used in the treatment of
boils and intermittent fever. Leaves are used to treat
Phytochem. Anal. 2014 Copyright © 2014 John
rheumatism and arthritis, and they have been found to have
anti-tumour effects as well as phytotoxic potential (Fehri
et al., 1996; Elbetieha et al., 2000).
The main biological activities described in G. alypum can be

attributed to the different bioactive compounds previously
reported in this plant, such as phenolic compounds and iridoid
glycosides (Es-Safi et al., 2005; Taskova et al., 2006). The wide
use of this plant to treat many diseases in addition to the fact
Wiley & Sons, Ltd.
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that no phytochemical study has been reported on the Algerian
G. alypum strain prompted us to investigate the chemical com-
position of this plant matrix.

Reversed-phase high-performance liquid chromatography
(RP-HPLC) combined with mass spectrometry (MS) detection
is one of the most important techniques used to analyse phe-
nolic compounds. Recently, chromatographic performance
has been improved by using columns packed with small parti-
cles (smaller than 2 μm) and by operating at a pressure of up to
600 bar, thus offering high resolution (Verardo et al., 2010). The
on-line coupling of HPLC–MS using electrospray ionisation (ESI)
as an interface yields a powerful analytical platform because of
its highly efficient resolution and enables the characterisation
of a wide range of polar compounds. Electrospray ionisation
is one of the most versatile ionisation techniques, as well as
being preferred for detecting polar compounds separated by
liquid chromatography. The advantages of MS detection
include the ability to determine the molecular weight and to
gain structural information. Quadrupole time-of-flight (QTOF)
MS can provide excellent mass accuracy over a wide dynamic
range, allowing measurements of the isotopic pattern, and
may be used in MS/MS experiments to provide the elemental
composition of the parent and fragment ions. Therefore,
QTOF/MS is a powerful detection system for identifying tar-
get compounds in highly complex matrices (Gómez-Romero
et al., 2011).

Searching for new sources from natural plants or resources is
of practical interest, as pharmaceutical drugs applied to several
diseases are often too expensive and the exploration of tradi-
tional remedies constitutes the first resort for a deprived popula-
tion. In this context, the present work uses the LC–ESI/QTOF/MS
method to characterise the constituents of G. alypum, one of the
most widely utilised herbal remedies in Algeria.
Experimental

Chemicals

All chemicals were of analytical reagent grade and used as received.
Sodium hydroxide was from Fluka (Buchs, Switzerland), and acetic acid
from Merck (Darmstadt, Germany). The organic solvents, methanol, ace-
tonitrile and 2-propanol were from Sigma Aldrich (St Louis, MO, USA).
Distilled water with a resistance of 18.2 MΩ was deionised by using a
Milli-Q system (Millipore, Bedford, MA, USA). Filtering the sample prior
to injection into the HPLC system utilized Millex filters (0.20 μm pore
size; Millipore).
Sample preparation and extraction

The leaves of G. alypum were harvested in April 2009, in remote areas
near the suburbs of Souk Elbatel, 2 km from Seddouk (city of Bajaia,
Algeria). The sample was identified at the Botany Laboratory (University
of Bajaia). Voucher specimen (D-PH-2013-37-7) was deposited at the
Herbarium of the Natural History Museum of Aix-en-Provence, France.
Fresh leaves were air-dried in shade at room temperature. After drying,
the plant material was ground to a fine powder (diameter< 250μm)
using an electric mill (IKAR A11 basic, Staufen, Germany) and 4 g of this
powder was exhaustively extracted by maceration with 50mL of metha-
nol, at room temperature for 24 h.

In all cases the solutions were filtered and concentrated to dryness
under reduced pressure in a rotary evaporator (40°C). Stock solutions
with concentrations of 1mg/mL were prepared and filtered through
0.20-μm micropore membranes before analysis.
Copyright © 2014 Johnwileyonlinelibrary.com/journal/pca
Liquid chromatography–mass spectrometry

Analyses were performed using an Agilent 1200 Series Rapid Resolution
LC system (Agilent Technologies, Palo Alto, CA, USA), including a
standard autosampler and a diode array detector (DAD). The LC column
used was a Zorbax Eclipse Plus C18 (150× 4.6mm, 1.8μm).

Separation was performed using as mobile phases aqueous acetic
acid 0.5% (v/v) (A) and acetonitrile (B). A gradient programme was used
as follows: from 5 to 15% B (0–5min), from 15 to 30% B (5–25min), from
30 to 95% B (25–35min), from 95 to 5% B (35–40min) and to hold 5% B
(40–45min). The flow rate was established at 0.5mL/min and column
temperature was controlled at 25°C. The LC system was coupled to a
microTOF-Q II mass spectrometer (Bruker Daltoniks, Bremen, Germany)
equipped with an ESI interface. The effluent from the RP-HPLC column
was split using a T-type phase separator before being introduced into
the mass spectrometer (split ratio 1:2). The MS instrument was operated
in the negative ion mode with spectra acquired over a mass range from
50 to 1000m/z. The optimum values of the ESI/MS parameters were:
capillary voltage, +4.5/kV; drying gas temperature, 190°C; drying gas
flow, 9.0 L/min; and nebulising gas pressure, 2 bars.

During the analyses, external mass-spectrometer calibration was
performed using a Cole Palmer syringe pump (Vernon Hills, IL, USA)
directly connected to the interface, passing a solution of sodium acetate
5mM. This external calibration provided accurate mass values for a
complete run without the need for a dual sprayer set-up for internal
mass calibration.

The accurate mass data of the molecular ions were processed through
the software DataAnalysis 4.0 (Bruker Daltoniks), which provided a list of
possible elemental formulae by using the Smart Formula Editor. The
Editor lists and rates possible molecular formulae consistent with the
accurate massmeasurement and the true isotopic pattern (TIP). If the given
mass accuracy leads to multiple possible formulae, the TIP adds a second
dimension to the analyses, using themasses and intensities of each isotope
to make a sophisticated comparison of the theoretical with the measured
isotope pattern (mSigma value). The smaller the sigma value and the error,
the better the fit, and therefore for routine screening an error of 5 ppm
and a threshold sigma value of 0.05 are generally considered appropriate
(Abu-Reidah et al., 2013).
Results and discussion
The base peak chromatogram (BPC) that resulted for the G.
alypum extract is depicted in Fig. 1, where the peaks are num-
bered according to their elution order. A large number of metab-
olites present in G. alypum were identified by interpretation of
their MS and MS/MS spectra found by QTOF/MS combined with
the data provided in the literature. The MS data of the identified
compounds, including experimental and calculated m/z for the
molecular formulae provided, error, mSigma value and the main
fragments shown by MS/MS, as well as the proposed compound
for each peak, are summarised in Table 1. The analysis of the
methanolic extract by LC–ESI/QTOF/MS revealed that iridoids,
secoiridoids and phenylethanoid glycosides were the major
classes of secondary metabolites in G. alypum.
Iridoids and secoiridoids

Several iridoids and secoiridoids were tentatively identified in
G. alypum leaves. Peaks 4 (m/z 361), 10 (m/z 375) and 12
(m/z 375) were tentatively identified as catalpol, mussaenosidic
acid and (epi)loganic acid, respectively. These compounds were
characterised by the common fragments at m/z 169 and 151
corresponding to [(M�H)� 162�CH2O]

� and [(M�H)� 162�
CH2O�H2O]

�, respectively.
Phytochem. Anal. 2014Wiley & Sons, Ltd.
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Figure 1. Base peak chromatogram (BPC) of Globularia alypum by LC–ESI/QTOF/MS in the negative ion mode. Peak labelling represents the com-
pounds identified.

Characterisation of Globularia Alypum L. by LC-ESI-QTOF-MS
Compounds 16 (m/z 445), 33 (m/z 371) and 38 (m/z 415) were
tentatively proposed as asperulosidic acid methyl ester, deace-
tylasperuloside and alpinoside, respectively, according to their
MS data and information reported in the literature (Calis et al.,
2001; Ren et al., 2007; Hong et al., 2010).

Compound 30 with m/z 355 was tentatively identified as
gentiopicroside (Fig. 2d). Its MS/MS data showed the fragment
ions atm/z 193 and 175, corresponding to the loss of the hexose
moiety and its subsequent dehydration. This constitutes the first
report of this secoiridoid in G. alypum.

Compounds 6, 8 and 13 showed the molecular ion atm/z 373.
In view of the molecular formula provided for their accurate
masses and the data given in the literature (Quirantes-Piné
et al., 2009; Hong et al., 2010), they were identified as gardoside
and geniposidic acid, although it was not possible to distin-
guish between them because they showed the same fragmen-
tation pattern. The MS/MS spectra of these compounds
showed fragments at m/z 211, 167, 149 and 123 corresponding
to [(M�H)� 162]� (211) and the loss of CO2 (167) from the
main fragment, as well as the simultaneous elimination of wa-
ter and CO2 (149). Another fragment was found at m/z 123,
corresponding to [(M�H)� 162� 88]�, which was shown by
the loss of a 3-oxopropanic acid molecule. Gardoside and
geniposidic acid have been identified in Globularia species previ-
ously (Calis et al., 2001; Taskova et al., 2006) but for the first time
in G. alypum.

Peaks 28 (m/z 523) and 42 (m/z 537) were tentatively identi-
fied as verminoside (Fig. 2f) and minecoside (Fig. 2i), respec-
tively. It was found that fragments obtained from the first
compound at m/z 179 and 161 corresponded to the caffeic acid
moiety and its dehydration product, respectively. Meanwhile, the
second compound gave fragments at m/z 493, resulting from de-
carboxylation, and 161 representing the deoxyhexose. Minecoside
and verminoside had never been reported in G. alypum before.

Furthermore, specioside (peak 34) was tentatively chara-
cterised by comparing its MS data with those reported in the
literature (Hong et al., 2010). The MS/MS analysis of this com-
pound (Fig. 3a) yielded the fragment ions at m/z 163 and 145,
corresponding to [(M�H)� 162� 182Da] and [(M�H)� 162�
182�H2O], respectively.

Compound 41 was tentatively characterised as globularimin
or globularinin, and compound 55 as globularin or globularicisin
Phytochem. Anal. 2014 Copyright © 2014 John
(Calis et al., 2002a,2002b; Kirmizibekmez et al., 2004), although it
was not possible to assign one specific compound because the
data provided by MS was unable to distinguish between stereoiso-
mers. Globularimin and globularinin are two highly oxygenated
iridoid glucosides from G. alypum (Sudo et al., 1998; Kirmizibekmez
et al., 2008).
Peak 59 gave a molecular ion at m/z 527 that was tentatively

identified as globularioside or baldaccioside (Es-Safi et al., 2006;
Kirmizibekmez et al., 2009). Peak 5 was identified as shanzhiside.
The MS/MS spectrum of this compound showed the fragment
ions at m/z 229, 211, 167, 149 and 123 corresponding to the
successive losses of hexose (229) and water (211) as well as
subsequent decarboxylation (167) and dehydration (149) from
the fragment ion at m/z 211. Another fragment was found at
m/z 123, corresponding to [M�H� hexose� 88]�, which was
obtained by the loss of the 3-oxopropanic acid molecule and a
subsequent dehydration. The fragmentation pathway of
shanzhiside is shown in Fig. 3b. No available study has reported
this iridoid hexoside in G. alypum. In addition to shanzhiside,
peaks 18 and 20 were assigned as acetylbarlerin isomers. These
compounds present a structure based on the shanzhiside
methyl ester skeleton (Fig. 2g).
Peak 21 (m/z 525) was tentatively identified as 6-O-

veratroylcatalpol (Saracoglu et al., 2011). This compound showed
the fragment ions atm/z 345, 301, 283, 179 and 161. The fragment
ion atm/z 345 can be attributed to the aglycone resulting from the
loss of hexose, which further formed the fragments atm/z 301 and
283 by a neutral loss of CO2 and subsequent dehydration.
Peaks 51 and 56were tentatively characterised as decumbeside

D isomers. These compounds with the molecular ion at m/z 551
presented MS/MS ions at m/z 181, 163 and 147 (Fig. 3c). The frag-
ment ions atm/z 163 and 147 were referred to the coumaroyl moi-
ety and the formation of an aldehyde from this later, respectively.
Peak 57 was tentatively suggested to be serratoside A. The

fragmentation of this iridoid hexoside led to several fragments,
among which the fragment ion at m/z 193 was formed by the
cleavage of a deoxyhexose and a cinnamoyl unit (m/z 148), while
the fragment ions at m/z 147 and 161 could be attributed to
cinnamic acid and dehydrated glucose, respectively (Fig. 3d).
Peak 46 presented a molecular ion at m/z 519. The ESI/QTOF

analysis showed MS/MS fragments at m/z 307, 163 and 145.
The fragment ion at m/z 307 resulted from the loss of the
Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/pca
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coumaroylhexose moiety. In addition, the m/z ions at 163
and 145 corresponded to the coumaroyl moiety after break-
age of the ester bond with the sugar, as well as after an
additional loss of an H2O molecule, respectively. According
to these data, compound 46 was tentatively characterised
as coumaroylgeniposidic acid.
Phenylethanoid glycosides

Phenylethanoid glycosides represent another important
group of metabolites characterised in this study, many of
which were previously described in G. alypum or in the fam-
ily Globulariaceae.
Compounds 40 and 47 presented the molecular ion at m/z

477 (C23H25O11). The MS/MS spectra of both compounds led to
the identification of calceolarioside A and calceolarioside B,
respectively (Fig. 2b). These compounds are another example
of phenyl ethyl glycosides extracted from the genus Globularia
(Taskova et al., 2006; Kirmizibekmez et al., 2008). The molecular
formula C34H41O21 was assigned to compound 60, although it
was not possible to establish a suitable MS/MS spectrum due
to its low intensity. This compound was tentatively identified
as rossicaside A, on the basis of previous reports for Globularia
species (Calis et al., 1999; Kirmizibekmez et al., 2009).
Compounds 61 and 62 were characterised as galypumoside A

and galypumoside B, respectively, according to their MS data and
the data reported in the literature (Kirmizibekmez et al., 2008). These
compounds are characterised here for the first time in G. alypum.
Compound 44 gave the molecular ion at m/z 623 with molec-

ular formula C29H35O15. This compound represents the second
main peak in the chromatogram of the G. alypum extract,
according to its MS data; it has been tentatively proposed to
be verbascoside (Fig. 2h). Also, another verbascoside isomer
was found in the extract (compound 50) that corresponded to
isoverbascoside (Es-Safi et al., 2007a).
Besides these known compounds, two new phenylethanoid

glycosides were found in G. alypum for the first time. Accepted
data recorded from MS and MS/MS spectra enabled the tenta-
tive identification of peak 11 as decaffeoylacteoside and peak
63 as (�)-6’-O-(E)-cinnamoylverbascoside.
Compound 24 with the pseudo-molecular ion at m/z 519 and

the molecular formula C22H31O14 was tentatively identified as
globularitol (Fig. 2j). This compound has been previously
isolated as a new sugar ester from the methanolic extract of
the underground parts of G. orientalis, but it has never been
reported in G. alypum.
Compound 58 gave a [M�H]� ion at m/z 651 with the molec-

ular formula C31H39O15. In its MS/MS spectrum, a fragment ion
was detected at m/z 475, due to the loss of 176Da, which repre-
sented the feruloyl moiety. Other fragment ions were detected at
m/z 193 and 175, corresponding to ferulic acid and further water
loss, respectively. Thus, martynoside was the proposed structure
for this compound (Fig. 2a), for the first time in G. alypum.
Peak 14 (m/z 505) was assigned to hebitol II (Fig. 2c). The

fragmentation of this compound yielded the fragment ions at
m/z 341, 179 and 161. The first fragment ion was extracted after
the neutral loss of C6H12O5 corresponding to the glucityl group,
while fragments ions at m/z 179 and 161 were attributed to the
caffeoyl and hexose moieties, respectively.
Compounds 52 and 53 were found to be neosyringalide iso-

mers (Fig. 2e). Their MS/MS spectrum gave fragments correspond-
ing to the coumaroyl moiety at m/z 145 (Es-Safi et al., 2007a).
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Figure 2. Chemical structures of several proposed compounds in Globularia alypum leaves.

Figure 3. The MS/MS fragmentation pattern of (a) specioside, (b) shanzhiside, (c) decumboside D and (d) serratoside.

N. Amessis-Ouchemoukh et al.

Phytochem. Anal. 2014Copyright © 2014 John Wiley & Sons, Ltd.wileyonlinelibrary.com/journal/pca



Characterisation of Globularia Alypum L. by LC-ESI-QTOF-MS
Flavonoids

In the present work, five flavone glycosides previously de-
scribed in Globularia were detected. Based on the MS/MS data
and on the bibliography (Es-Safi et al., 2005; Kirmizibekmez
et al., 2008), peak 31 was tentatively suggested to be
hydroxyluteolin-7-laminaribioside, while peaks 37 and 39 were
tentatively attributed to luteolin disaccharide isomers. In
addition, peaks 45 and 49 were determined as cynaroside
(Ben et al., 1982) and nepitrin (Kirmizibekmez et al., 2003),
respectively. Compound 35 yielded a [M�H]� ion at m/z 611
and its fragmentation resulted in the aglycone ion at m/z 151,
probably due to the neutral loss (324 Da) from the fragment
ion at m/z 475, suggesting the presence of two hexose resi-
dues. Therefore, based on these data, compound 35 was tenta-
tively characterised as eriodictiol O-disaccharide.

Compound 25 with the molecular formula C18H26O10 yielded
the fragments at m/z 269, 161, 113 and 101. Where the product
ion (m/z 269) corresponded to the loss of the [Ph�CH2� hexose]
group, while the fragments at m/z 161, 113 and 101 matched the
dehydration of hexose (161) and its fragment ions at m/z 113
[hexose� 2H2O�CH2O] and m/z 101 [hexose�H2O� 2CH2O].
This compound was tentatively characterised as icariside F2, and
was found in the extract of G. alypum for the first time.

Peak 32 had the molecular formula C15H13O7 and showed a
fragment ion at m/z 225 corresponding to C11H13O5, which
resulted from the breaking of the C-ring of gallocatechin or
epigallocatechin, but it was not possible to distinguish between
these isomers.

Three flavonol glycosides were found in the extract of G.
alypum leaves. Peak 36 was identified as quercetin glucoside
(Kirmizibekmez et al., 2009). The characterisation of this com-
pound was based on MS data and the neutral loss of the glucose
moiety, which gives rise to the fragment ion at (m/z 301) corre-
sponding to quercetin.

Peak 48 at m/z 533 showed a MS/MS spectrum with the
fragments ions at m/z 323, 179 and 161, corresponding to the
loss of [M�H�hex� 2(CH3)], hexose and its dehydration,
respectively. Accordingly, compound 48 was tentatively consid-
ered to be amurensin.

Peak 54 gave a molecular ion at m/z 517. In MS/MS analysis,
this compound yielded the daughter fragments at m/z 307 and
145. The first fragment resulted from the neutral loss of glucose
and two methyl groups from the main ion, while the latter
fragment ion at m/z 145 corresponded to the loss of C9H5O2

(cleavage 1,3A�) from the fragment at m/z 307. This detected
fragmentation pattern is consistent with that proposed by
Fernández-Arroyo et al. (2010). Therefore, compound 54 was
tentatively identified as phellamurin.
Other polar compounds

In addition to the above-mentioned flavonoid derivatives identi-
fied in this work, six hydroxycinnamic acids and derivatives were
characterised. According to the fragmentation profile of these
compounds, peaks 15 and 17with molecular ions atm/z 341 were
tentatively characterised as caffeoylhexose isomers, while peaks
22 and 29 atm/z 325 were proposed as p-coumaroylhexoside iso-
mers. Peak 19was assigned to p-coumaric acid, while peak 26was
attributed to sinapic acid-O-hexoside. Most of these compounds
were characterised by common losses such as the loss of the
hexose and caffeoyl moieties in caffeoylhexose isomers and
Phytochem. Anal. 2014 Copyright © 2014 John
coumaroyl unit in isomers of coumaroylhexose. Peak 26 presented
a fragment at m/z 207 found after the loss of hexose and an
oxygen. These hydroxycinnamic acid glycosides were found in
G. alypum for the first time.
Other polar compounds were identified in this extract by using

the applied LC–ESI/QTOF/MS method. Compound 2 showed a
molecular formula C7H11O6. This compound was identified as
quinic acid on the basis of the main literature reports on quinic
acid (Gómez-Romero et al., 2010; Gouveia and Castilho, 2010).
Peak 7 with the molecular ion at m/z 315.0724 has been

tentatively assigned to gentisoyl glycoside. The MS/MS spectrum
displayed the fragment ions at m/z 153 and 108 corresponding
to aglycone and its decarboxylation product, respectively.
The MS/MS spectrum of compound 27 demonstrated the

molecular ion at m/z 387 and MS/MS fragment ions at m/z 207
and 145, which were consistent with the loss of hexose moiety
followed by successive dehydration and decarboxylation,
respectively. In accordance with these data, peak 27was proposed
as tuberonic acid hexoside.
Compound 9 with the molecular formula C14H19O8, showed

the daughter ions at m/z 153 and m/z 135 corresponding to
the loss of hexose and dehydration, respectively. Thus,
compound 9 was tentatively characterised as cornoside.
Compound 23 with a molecular ion at m/z 429 gave the frag-

ment ions at m/z 163 and 145 corresponding to [M�H� xylose
CH2]

� and its dehydration product, respectively. This compound
was tentatively proposed as neohancoside C. This phenol glyco-
side is reported for the first time in this plant. The MS2 analysis of
compound 43 showed the pseudo-molecular ion atm/z 569 and
the fragment ions at m/z 361, 199 and 147. The daughter ion at
m/z 361 resulted from the loss of hexose and two methyl groups,
whereas the fragment at m/z 199 arose after the loss of a
deoxyhexose group from the fragment ion atm/z 361. Moreover,
the fragment that appeared at m/z 147 was the result of the loss
of (CH2) from the deoxyhexose group. Accordingly, compound
45 was tentatively assigned as columbianin.
Summary

The LC–ESI/QTOF/MS-based metabolite-profiling approach en-
abled the tentative identification of 63 metabolites in a G. alypum
extract on the basis of their MS and MS/MS spectra in negative ion
mode together with the relevant data from the literature. The
method applied combined the advantages of a small-particle-size
C18-column (1.8μm), as such the high resolution made it possible
to separate several isomers, with the high selectivity, sensitivity,
mass accuracy and measurements of the isotopic pattern associ-
ated with QTOF/MS for both parent and fragment ions. The analy-
ses of the leaf extract revealed a larger number of compounds,
most being iridoids and phenylethanoid glycosides substituted
with acyl groups. Therefore, the described HPLC–ESI/QTOF/MS
method has proven to be a valuable tool for simultaneous charac-
terisation of a wide range of bioactive compounds from G. alypum
leaves. Furthermore, the data compiled may encourage further
use of this plant matrix as a folk and alternative medicine in
human therapy.
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