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GC-MS based metabolite profiling of five
Bulgarian Fumaria species

ABSTRACT

The aim of this study was profiling of primary metabolites of five Bulgarian
Fumaria species (F. officinalis L., F. thuretii Boiss., F. kralikii Jord., F.
rostellata Knaf. and F. schrammii Velen.) by GC-MS analyses. In polar fractions
ten carbohydrates, one polyol, ten amino acids and six organic acids were
identified. Apolar (lipid) fractions showed the presence of four free fatty acids,
two esters of fatty acids with glycerol and two fatty alcohols. Sucrose and
fructose were in the highest relative concentrations of identified carbohydrates.
Citric acid was the dominant organic acid in polar fractions of five Fumaria
species. Predominant compounds in lipid fractions were palmitic acid and 1-
stearoyl-glycerol. Principal component analysis (PCA) of GC-MS data of polar
and apolar fractions of five Bulgarian Fumaria species differentiates them in two
groups (F. officinalis and F. thuretii; F. rostellata and F. schrammii,
respectively), while F. kralikii had phythochemical similarity with plants of both
distinguished groups. The obtained results of PCA of primary metabolites could
be proposed as chemotaxonomic markers for plants of the genus Fumaria.
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2003; Berkov et al., 2011).
The genus Fumaria (Fumariaceae) consists of 60 species

Gas chromatography — mas spectrometry (GC-MS) is a
widely spread, rapid and reliable approach for metabolite
profiling of highly complex biological matrixes such as plant
extracts. Metabolic profiling of plant extracts provides
information on their chemical composition and allows
detection of chemically varied bioactive molecules and
unknown compounds, as well as provides functional
information on metabolic phenotypes of plants (Kopka, 2006;
Torras-Claveria et al., 2010). Principal component analyses
(PCA) of GC-MS data allows discrimination between plant
species and could be applied for chemotaxonomic
characterization and classification of plants (Wagner et al.,

widely distributed all over the world and especially in
Mediterranean region (Suau et al., 2002; Jaberian et al.,
2013). In the Bulgarian flora, the genus is represented by ten
species: Fumaria officinalis L., Fumaria thuretii Boiss.,
Fumaria kralikii Jord., Fumaria rostellata Knaf., Fumaria
schrammii  (Asch.) Velen.,, Fumaria parviflora Lam.,
Fumaria densiflora DC., Fumaria petteri Rchb., Fumaria
vaillanti Loisel. and Fumaria schleicherii Soy. - Will.
(Assyov et al., 2012).

Extracts of Fumaria spp. have been traditionally used for
treatment of rheumatism, stomach ache, abdominal cramps,
fever, diarrhea, some skin diseases (rashes or conjunctivitis),

http://www.jbb.uni-plovdiv.bg 195
DOI: 10.69085/jbb20143195


mailto:radka_vrancheva@yahoo.com

ISSN: 1314-6246

Vrancheva et al.

J. BioSci. Biotech. 2014, 3(3): 195-201.

RESEARCH ARTICLE

syphilis and leprosy (Sener, 2002; Maiza-Benabdesselam et
al., 2007). Research revealed that Fumaria extracts also
possessed strong antihypertensive, hepatoprotective, diuretic,
and laxative effects. These biological activities were mostly
associated with the presence of isoquinoline alkaloids (Suau
et al., 2002). Further, there has been reported that some
Bulgarian Fumaria ssp. possessed significant antioxidant
activity due to their high polyphenols content (Ivanov et al.,
2014).

Up to now in the literature there is no available data about
analysis of primary metabolites of the plants of genus
Fumaria. Therefore, the aim of this study was GC-MS based
profiling of primary metabolites (carbohydrates, amino acids,
organic acids and lipids) of five Bulgarian Fumaria spp.

Materials and Methods

Plant materials

Aerial parts (leaves, stems and flowers) by several
random chosen plants of the Fumaria species were collected
in their natural places in Southwest and Southeast Bulgaria
located nearby the following villages: Buchino, on the
foothills of Vlahina Mt (F. rostellata); the road between
Petrovo and Lehovo (F. thuretii); in the region of Rezovo and
along the southern Black Sea coast (F. officinalis, F. kralikii
and F. schrammii). The aerial parts of the target species were
collected in May 2012.

Identification of the plant species was made through the
reference to the Academy of Sciences Herbarium (Herbarium
of the Institute of Biodiversity and Ecosystem Research in
Sofia (SOM)) and with the Herbarium of Sofia University.
Transect method was used for establishing the distribution of
Fumaria species of the localities. Transects were selected in
order to cover the maximum area. The samples were dried in
shade at ambient temperature for 14 days, and powdered by
homogenizer. The powder was used for extraction of primary
metabolites.

Extraction procedure

Samples of 50 mg of dried drug were put in 2 mL
Eppendorf tubes and mixed with 1.0 mL methanol and 20 pL
of ribitol and nonadecanoic acid as internal standarts, each at
concentration 1 mg/mL. The samples were shaken for 30 min
at 70°C in termomixer (950 rpm). After centrifugation (1 min,
5000 rpm), 500 pL of supernatants were transferred in new
Eppendorf tubes and 500 pL chloroform and 500 uL d H,O
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were added. Samples were vortexed, then centrifugated (1
min, 5000 rpm) and polar fraction was transferred in new
Eppendorf tubes. Polar and apolar fractions were dried under
vacuum (30°C, 90 min). After addition of 50 pL pyridine
(Sigma) and 50 pL metoxyamine hydrochloride (Sigma) to
polar fractions, samples were shaken and incubated in
termomixer (1 h, 80°C). After reaction time, 50 uL of N,O-
Bis(trimethylsilyl) trifluoroacetamide (BSTFA, Sigma) was
added and samples were shaken in termomixer (1 h, 80°C).

To apolar fractions 500 pL of 2% H,SO, in methanol
were added. After incubating in termomixer (1 h, 90°C),
samples were cooled and extracted with n-hexane (3x500
puL). The combined hexane extracts were dried over
anhydrous sodium sulfate and evaporated to dryness under
vacuum at 30°C. After that, samples were dissolved in 50 pL
pyridine (Sigma) and 50 pL  N,O-Bis(trimethylsilyl)
trifluoroacetamide (BSTFA, Sigma) and were shaken in
termomixer (1 h, 80°C). The obtained polars and apolars
fractions were used for GC-MS analysis.

GC-MS analysis

GC-MS analysis were carried out on gas chromatograph
Agilent Technology Hewlett Packard 7890 A, coupled with
mass detector Agilent Technology 5975 inert XL EI/CI MSD
at 70 eV). Separation of alkaloids was on HP-5MS column
(30 m x 0.25 mm x 0.25 pm) at temperature program : from
100°C to 180°C with the step of 15°C/min and from 180°C
to 300°C with the step of 5°C/min then hold on 300°C for 10
min. The injector temperature was 250°C and the flow rate of
carrier gas (helium) of 1.0 mL/min was used. The injection
volume was 1uL.

Identification of the metabolites

The obtained mass spectra were read using 2.64 AMDIS
(Automated Mass Spectral Deconvultion and Identification
System, NIST Gaithersburg, MD, USA). The separated polar
and apolar compounds were identified by comparison of their
GC-MS spectra and Kovach retention index (RI) with
referent compounds in NIST 08 database (NIST Mass
Spectral Database, PC-Version 5.0, 2008) — National Institute
of Standardization and Technology (Gaithersburg, MD,
USA). The RIs of compounds were recorded with a standard
n-hydrocarbon calibration mixture (C9-C36, Restek,
Teknokroma, Spain) using 2.64 AMDIS software. Principal
component analysis (PCA) of identified compounds was
performed with Minitab ®16.
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Results

GC-MS based metabolite profiling of primary metabolites
of polar fractions of five Bulgarian Fumaria spp. are
presented in Table 1. The results were exposed as % of total
ion current (TIC) of all identified compounds in polar
fractions.

GC-MS analysis revealed the presence of ten
carbohydrates of which eight monosaccharides and two
disaccharides (sucrose and trehalose).

Identified monosaccharides were one pentose (ribose) and

seven hexoses (fructose I, fructose II, galactose I, galactose
II, mannose, glucose I and glucose II). Fructose I (27.3% of
TIC in F. schrammii) and glucose 1 (32.7% of TIC in F.
rostellata) were in the highest relative concentrations of
identified monosaccharides. Sucrose was predominant
disaccharide .in polar fraction of F. officinalis (23.5% of
TIC). Trehalose was not found only in the extracts of F.
rostellata and F. schrammii. Except carbochydrates, one
polyol — myoinositol was identified in the extracts of all
investigated species in relative concentrations between 0.7%
t0 1.8% of TIC.

Table 1. GC-MS analysis of chemical composition of polar fractions of five Bulgarian Fumaria spp.

Kovats
Compounds* retention F. officinalis F. thuretii F. kralikii F. rostellata F. schrammii

index (RI)
Carbohydrates
Ribose 1695 tr tr 0.1 0.1 0.1
Fructose I 1902 11.2 6.7 16.5 8.0 27.3
Fructose II 1913 8.2 45 11.6 21.8 21.2
Galactose 1 1922 nd nd 0.1 155 nd
Mannose 1922 nd nd 0.1 nd nd
Glucose 1 1930 13.3 11.0 20.2 32.7 29.2
Galactose 11 1948 2.4 nd 34 nd nd
Glucose 11 1948 nd 1.9 nd 6.9 5.3
Sucrose 2710 23.5 22.0 15.3 10.3 12.8
Trehalose 2810 tr 0.1 0.1 nd nd
Myoinositol 2124 1.0 0.7 1.8 1.8 1.4
Organic acids
Succinic 1324 tr tr 0.1 0.1 tr
Glyceric 1346 tr nd tr tr tr
Malic 1492 6.5 15.3 2.4 0.3 0.4
Threonic 1573 tr tr tr tr tr
Citric 1778 30.3 30.5 27.8 0.8 1.4
iso-Citric 1843 2.6 6.7 0.3 0.3 0.4
Amino acids
L-Valine 1230 0.1 tr 0.1 0.1 tr
L-Isoleucine 1309 0.1 tr tr 0.1 tr
L-Proline 1313 0.4 0.2 0.2 0.8 0.2
L-Glycine 1323 tr tr tr tr tr
L-Serine 1374 0.1 tr tr 0.1 tr
L-Threonine 1400 0.1 tr 0.1 0.1 tr
L-Glutamic acid 1626 nd nd nd 0.1 tr
L-Phenylalanie 1636 tr nd tr tr tr
L-Asparagine 1678 tr tr nd 0.1 nd
L-Tyrosine 1953 tr nd nd nd nd
Legend: *Results are presented as % of TIC; nd — not identified; tr - <0.1 % of TIC
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GC-MS analysis of polar fractions showed the presence
of six organic acids (succinic, glyceric, malic, threonic, citric
and iso-citric acids) as citric acid was the dominant organic
acid in all analyzed Fumaria species (from 0.8% to 30.5% of
TIC).

Ten amino acids (L- valine, L- isoleucine, L-proline, L-
glycine, L-serine, L-threonine, L-glutamic acid, L-
phenylalanine, L-asparagine, L-tyrosine) were identified in
polar fractions of investigated plants. L-tyrosine was not
found in the extracts of F. thuretii, F. kralikii and F.
schrammii and in the other two species was under <0.1% of
TIC. L — asparagine was not identified in extracts of F.
kralikii and F. schrammii. L-glutamic acid was absent in the
polar fractions of F. officinalis and F. kralikii.

F. schrammii and F. rostellata were the species with the
highest amount of carbohydrates (97.4% and 97.0% of

identified polar metabolites, respectively), predominant of
which were monosaccharides (Table 2). The greatest amount
of organic acids was identified in polar fraction of F. thuretii
(52.5% of identified polar metabolites). F. rostellata was the
extract with the highest relative content of amino acids (1.5%
of identified polar metabolites).

The results of GC-MS analysis of apolar (lipid) fractions
of five Bulgarian Fumaria ssp. are presented in Table 3.

Lipid fractions showed the presence of four free fatty
acids-two saturated (palmitic and stearic acids), one
monounsaturated (oleic acid) and one trienoic fatty acid
(linolenic acid); two esters of fatty acids with glycerol (1-
palmitoyl-glicerol and 1-srearoyl-glicerol) and two fatty
alcohols (octadecanol and octacosanol). Predominant fatty
acid in lipid fractions of all investigated plants was palmitic
acid (from 18.7% to 27.6% of TIC).

Table 2. Total relative content of identified primary metabolites in polar fractions of five Bulgarian Fumaria spp.

Compounds* F. officinalis F. thuretii F. kralikii F. rostellata F. schrammii
Carbohydrates 59.6 47.0 69.0 97.0 97.4
Monosaccharides 36.1 24.9 53.7 86.7 84.6
Disaccharides 235 221 15.3 10.3 12.8
Organic acids 39.6 52.5 30.5 15 2.3
Amino acids 0.8 0.5 0.5 15 0.3

Legend: * % of total relative content of identified primary metabolites of polar fractions

Table 3. GC-MS analisis of chemical composition of apolar (lipid) fractions of five Bulgarian Fumaria spp.

Compounds* Rt RI F. officinalis  F.thuretii F. kralikii F. rostellata F. schrammii
Palmitic acid (C16:0) 13.25  1920.7 20.3 194 23.9 18.7 27.6
Stearic acid (C18:0) 16.41 2123.2 2.4 14.9 2.1 16.3 nd
Oleic acid (C18:1) 16.02  2098.6 1.0 nd 17.8 15.2 20.6
Linolenic acid (C18:3) 16.03 20995 1.6 2.8 0.6 6.2 nd
1-Palmitoyl-glycerol 23.70  2600.4 0.5 0.7 nd nd nd
1-Stearoyl-glycerol 26.53  2794.6 73.7 61.8 55.7 43.6 51.8
Octadecanol 16.89  2153.8 nd 0.2 nd nd nd
Octacosanol 31.03 31378 0.5 0.1 nd nd nd

Legend: * % of TIC; nd — not identified

Predominant fatty acid in lipid fractions of all
investigated plants was palmitic acid (from 18.7% to 27.6%
of TIC). Oleic acid was not found only in the extract of F.
thuretti. Glycerol ester of stearic acid was biosynthesized in
high relative concentrations of all analyzed species, as the
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greatest amount was found in the apolar fraction of F.
officinalis (73.7% of TIC). Octadecanol was found only in
the extract of F. thuretii. Octacosanol was identified only in
the apolar fractions of F. thuretii (0.1% of TIC) and F.
officinalis (0.5% of TIC).
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Principal component analysis (PCA) of GC-MS data of
polar fractions of five Bulgarian Fumaria species
differentiated them in two groups (F. officinalis and F.
thuretii; F. rostellata and F. schrammii, respectively), while
F. kralikii had phythochemical similarity with plants of both
distinguished groups (Figure 1).

32,19
% 21,46
= 10,73 —
0,00 =
1 2 3 4 5
Observations
Figure 1. PCA of GC-MS data of polar fractions of five

Bulgarian Fumaria species: 1-F. officialis; 2-F. thuretii; 3-F.
kralikii; 4-F. rostellata; 5-F. schrammii.

35,90 1 ]

57,27

Similarity

78,63 |

100,00

Observations

Figure 2. PCA of GC-MS data of apolar fractions of five
Bulgarian Fumaria species: 1-F. officialis; 2-F. thuretii; 3-F.
kralikii; 4-F. rostellata; 5-F. schrammii.

PCA of GC-MS data of apolar fractions of five Bulgarian
Fumaria spp. is presented in Figure 2. Five analyzed species
were divided in two groups (F. officinalis and F. thuretii; F.
schrammii and F. rostellata, respectively), based on their
biosynthesized apolar metabolites. F. kralikii had
phytochemical similarity with both, F. schrammii of second
distinguished group and F. thuretii of first group. F.
officinalis and F. rostellata were the species with less
similarity based on their produced apolar compounds.

http://www.jbb.uni-plovdiv.bg

Discussion

Up to now in the scientific literature there is no available
data about provided extensive phytochemical analysis of the
plants of genus Fumaria. Investigations of native Bulgarian
Fumaria species are mainly in botanical aspect and there was
scantily data about biosynthesized isoquinoline alkaloids
(Yordanov & Kojuharov, 1970; Popova et al., 1980; Popova
et al., 1982; Mardirossian et al., 1983). Thus, the aim of this
study was metabolite profiling of primary metabolites
(carbohydrates, organic and amino acids and lipids) of aerial
parts (stems, leaves and flowers) of five natively grown in
Bulgaria Fumaria species - F. officinalis, F. thuretii, F.
kralikii, F. rostellata and F. schrammii by GC-MS analysis.

Plant primary metabolites have basic life functions in
plant organisms such as cell division and growth, respiration,
storage, and reproduction (Bourgaud et al., 2001).

GC-MS analysis of polar and apolar fractions of five
investigated plants revealed the presence of number of
primary metabolites - carbohydrates, amino acids, organic
acids and lipids. Sugars, organic acids and amino acids are
related with biochemistry of plant cells. Sugars and amino
acids are products of photosynthesis, as organic acids
identified in plants are metabolites of Krebs cycle.

Catabolism of carbohydrates via glycolysis and pentose
phosphate pathway lead to intermediates phosphoenol
pyruvate and erythrose-4-phosphate, respectively that are
precursors for biosynthesis of aromatic amino acids
(phenylalanine, tyrosine and tryptophan) through Shikimate
pathway (Bentley, 1990; Herrmann, 1995). Defined relatively
high content of carbohydrates in investigated Fumaria
species is prerequisite for biosynthesis of these amino acids.

Besides, amino acids are initial metabolites for
biosynthesis of different plant secondary metabolites, such as
alkaloids and polyphenols. Biosynthesis of protopine and
accompanying isoquinoline alkaloids in the plants of genus
Fumaria begins with L-tyrosine. (Facchini, 2001). The absent
of this amino acid in polar fractions of F. thuretii, F. kralikii
and F. schrammii and its relatively low contents in F.
officinalis and F. rostellata (Table 1) was most probably due
to including of it in biosynthesis of isoquinoline alkaloids.
Phenylalanine is an initial amino acid in phenylpropanoid
biosynthetic pathway (Croteau et al., 2000). Determinated
comparatively low quantity of this amino acid in all analyzed
Fumaria species could be related to their biosynthetic

199

DOI: 10.69085/jbb20143195



ISSN: 1314-6246

Vrancheva et al.

J. BioSci. Biotech. 2014, 3(3): 195-201.

RESEARCH ARTICLE

potential of polyphenols (Ivanov et al., 2014).

PCA of GC-MS data allows distinguishing of major
principal components between different species and reveals
differences between the metabolic phenotype of different
plant species (Kopka, 2006; Torras-Claveria et al., 2010).

PCA of obtained GC-MS data of polar fractions of five
Bulgarian Fumaria species differentiated F. officinalis and F.
thuretii in one chemotaxonomic group and F. rostellata and
F. schrammii in other group, while F. kralikii had
phythochemical similarity with plants of both distinguished
groups (Figure 1). F. officinalis and F. thuretii were the
species with the highest relative contents of sucrose, malic,
citric and iso-citric acids, far as fructose II, glucose and
myoinositol were in the lowest relative concentrations
compared to the species of other differentiated group. F.
kralikii had phythochemical similarity with plants of both
groups, as F. officinalis and F. schrammii were the species
with less similarity based on their polar primary metabolites.

PCA of GC-MS data of apolar fractions of five Bulgarian
Fumaria spp. were divided them in two groups (F. officinalis
and F. thuretii; F. rostellata and F. schrammii, respectively),
Figure 2. F. kralikii had phytochemical similarity with both,
F. schrammii of second distinguished group and F. thuretii of
first group. F. officinalis and F. rostellata were the species
with less similarity based on produced apolar compounds. F.
officinalis and F. thuretii biosynthesized higher relative
quantities of 1-palmitoyl-glycerol and 1-stearoyl-glycerol in
contrast to the species of other group. It was found that these
compounds are useful as an anti-cholesterol agents, because
had significant ACAT (AcylCoA-Cholesterolacyltransferase)
inhibitory activity (Ishihara & Shin, 1997). Further, Yang et
al. (2013) reported that 1-stearoyl-glycerol had neuritogenic
activity, and both 1-stearoyl-glycerol and 1-palmitoyl-
glycerol possessed antimultidrug resistant activity, because
inhibited P-glycoprotein (P-gp) as a factor of multidrug
resistance (Konishi et al., 2004).

For the first time phytochemical analysisis of
biosynthesized primary metabolites of five natively grown in
Bulgaria Fumaria species were carried out. Provided GC-MS
analysis revealed the presence of number of primary
metabolites-sugars, amino acids, organic acids and lipids.
These compounds are initial metabolites for biosynthesis of
different plant secondary metabolites such as polyphenols
and alkaloids with valuable pharmacological and biological
activities. The obtained results of PCA of primary
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metabolites could be proposed as chemotaxonomic markers
for plants of the genus Fumaria.
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