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Abstract

Background: Scotch thistle (Onopordum acanthium L.) is a medicinal food plant known for its
phytochemical diversity.

Methods: In this study, methanolic and petroleum ether extracts of Scotch thistle seeds were
subjected to phytochemical analysis. As regards, methanol extract was fractionated via different
chromatographic methods and structures of the isolated pure compounds were elucidated with
relative nuclear magnetic resonance spectra. Additionally, scotch thistle oil was analyzed via gas
chromatography-mass spectrometry (GC-MS). Besides, the in vitro 2,2-diphenyl-1-picrylhydrazyl
(DPPH) antioxidant property of O. acanthium extract was evaluated.

Results: Structure elucidation of the isolated major compounds of the extract yielded to
seven major metabolites, revealing the presence of five lignan and two serotonin derivatives,
including arctiin, arctigenin, and matairesinol, with six compounds being newly reported from
O. acanthium. Furthermore, GC-MS analysis identified eight fatty acids in the seed oil, with
linoleic acid (63.4%) and 13-octadecenoic acid (28.2%) being the predominant components.
The antioxidant potential of scotch thistle exhibited strong antioxidant activity, as reflected by
RC,, values ranging from 2.1 to 501.9 ug/mL for various methanolic fractions of O. acanthium.
Conclusion: These findings highlighted the rich bioactive content of scotch thistle, underscoring
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its significance in medicinal and ecological contexts.

Introduction

Onopordum spp. are known to thrive in various habitats
across Europe, the Middle East, the Caucasus, and Central
Asia. Among the species within this genus, Onopordum
acanthium L., commonly referred to as Scotch thistle,
stands out as a biennial plant indigenous to Western Asia
and Europe. The genus Onopordum, a member of the
Asteraceae family, is comprised of 50 species distributed
worldwide, with 7 of these species being identified in
the flora of Iran, 5 of which are endemic to the region.'
Onopordum spp. are known to thrive in various habitats
across Europe, the Middle East, the Caucasus, and Central
Asia. Among the species within this genus, O. acanthium
L., commonly referred to as Scotch thistle, stands out as a
biennial plant indigenous to Western Asia and Europe.?
Traditional applications of Scotch thistle encompass a
wide array of medicinal uses, including its utilization
as a natural antimicrobial, hypotensive, anticancer,
cardiotonic, diuretic, anti-inflammatory, and hemostatic
agent.>* Recent scientific studies have further unveiled
the diverse pharmacological properties of the plant,

demonstrating its anti-inflammatory, antihypertensive,
antibacterial,” and antioxidant capabilities, as well as
its potential for augmenting natural killer cell activity
against tumor cells.>*® Phytochemical analysis of O.
acanthium has divulged the presence of various natural
compounds, including flavonoids, phenolic acids,
amino acids, steroids, triterpenoids, coumarins, and
acetylenic compounds.””® Of particular interest is the
significant abundance of lignans found in Onopordum
spp., serving as crucial defense mechanisms against
pathogens. Lignans play pivotal roles in chemical defense
functions, exhibiting activities including fungicidal,
bactericidal, and insecticidal properties, while also
displaying biological effects such as antiviral, antidiabetic,
anticancer, and trypanocidal activities.”!* Furthermore,
some lignans function as allelopathic agents, contributing
to the regulation and growth modulation of surrounding
plant species.’*!* Lignans are involved in the regulation
and modulation of growth. Dispersion of lignans in
most plant families suggests their roles in growth and
evolution. In the ecologic level, lignans possess critical
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roles in interactions of plants with other organisms which
is mostly due to their defensive properties and in the
protection against physical damages.

Given the extensive traditional uses, pharmacological
activities, wide distribution, and industrial applications
of Scotch thistle, we aimed to investigate the
phytoconstituents and antioxidant potential of O.
acanthium L. seeds, collected from the Azerbaijan
province, Iran. Through our research, we seek to elucidate
the bioactive compounds present in Scotch thistle and
explore their potential health benefits and ecological
significance.

Methods

Plant material

O. acanthium L. seeds were collected in late August 2018
from Maragheh-Hashtroud and Maragheh-Ajabshir
roads, Eastern Azerbaijan Province, Iran. A voucher
specimen (TBZFPH539) after authentication of the
plant was deposited at the herbarium of the Faculty of
Pharmacy, Tabriz University of Medical Science, Iran.
Seeds were dried in dark, and powdered using a blender
in order for solvent extraction.

Solvent extraction, fractionation and isolation

Dried and ground seeds of O. acanthium L. (200 g) were
extracted using soxhlet apparatus successively with 1L
of petroleum ether, dichloromethane and methanol,
separately. All extracts one-to-one were concentrated and
dried completely using a rotary evaporator (Heidolph,
Germany) at 40 °C in vacuum, yielding 61.1, 2.0, and 35.9
g dried extracts, respectively. Crude extracts were stored in
tight containers in the dark and refrigerator until analysis.
The extracts were preliminary monitored with analytical
thin layer chromatography (TLC) to quality check the
presence of phytochemicals groups within the extracts
(TLC plates with 0.2 mm silica gel GF,_,). Accordingly,
the methanol extract rich in different groups of
phytochemicals was selected for further analysis. In order
for methanol extract fractionation, solid phase extraction
(SPE) method was carried out via reversed phase Sep-
pak cartridge (C,, 10 g, Waters, Ireland). Two grams of
the methanol extract was suspended in 10 mL of water/
methanol (80:20). The SPE column was eluted using 200
mL of 20:80, 40:60, 60:40, 80:20 and 100:0 of methanol/
water in step gradients, respectively. This process of
fractionation was repeated three times under vacuum
conditions and the flow rate of the solvent mixture was
8-15 drop/min. All resultant fractions were collected and
dried using a rotary evaporator at 40 °C in vacuum. All
the 5 obtained fractions were weighed, and then kept in
tight vials in the refrigerator for subsequent analyses.
Preliminary analysis of the methanol fractions was fulfilled
applying TLC analysis. It was shown that the two 40% and
60% SPE fractions covered the prime major compounds
which was subjected to reverse phase high performance
liquid chromatography (RP-HPLC) analysis for further

fractionation to achieve the topmost components of
the O. acanthium methanol extract. As regards, HPLC
Shimadzu apparatus was utilized with an ODS Dr. Maisch
Gmbh reprosil 100 preparative column (10 pm, 250 x4.6
mm, 5 um), UV-PDA as the detector. Separations for
40% SPE fraction were succeeded through a linear
gradient of mobile phase of 25-40% methanol in water;
60 minutes; flow rate: 10 ml.min", afforded 2 compounds
with retention time of 10.9 minutes (compound I) and
52.0min (compound II) were collected according to the
HPLC chromatogram. Likewise, separations for 60%
SPE fraction were succeeded through a linear gradient
of mobile phase of 50%-60% methanol in water; 60
minutes; flow rate: 10 mL.min", afforded 5 compounds
with retention time of 5.5 minutes (compound III), 6.0
minutes (compound IV), 8.7 minutes (compound V), 12
minutes (compound VI) and 27 minutes (compound VII)
were collected according to the HPLC chromatogram.
Structure elucidation of the purified compounds was
accomplished with NMR spectra that were recorded on a
Bruker 400 MHz spectrometer operating at 400 MHz for
'H and 100 MHz for *C. Methanol-d, was used for NMR
analysis.

Esterification and analysis of fatty acids

Preparation of fatty acid methyl ester (FAME) derivatives
of petroleum ether extract was carried out using a simple
andfastprocedure. Briefly, 10 mgofpetroleumetherextract
was placed into a small glass tube with 2 mL n-hexane and
0.2 mL methanolic KOH (2 M). Afterward, the tube was
vortexed for 2 min at room temperature for methanolysis
reaction. An aliquot of the upper layer (n-hexane) of
mixture in the reaction tube was directly injected into
gas chromatography mass spectrometry (GC-MS) for
further analysis of the components. Consequently, GC-
MS (Shimadzu, Japan, QP-5050 A) on a DB-1 capillary
column (60 m length, 0.25 mm i.d., 0.25 pm stationary
thickness) was utilized coupled with an electron impact
(EI) ionization system in which an ionization energy of
70 eV was employed for detection of volatile derivatives.
Helium was used as the carrier gas at constant flow rate 1
mL/min, with linear velocity of 29.6 cm/s and split ratio
was 1:20. Temperature program for the column included:
the initial oven temperature was kept at 50 °C for 3 min,
then temperature was raised to 265 °C with a program
ramp rate of 2.5 °C/min. It was maintained at ultimate
temperature for 6 min. The temperature of the injector
was 250 °C. Identification of fatty acids was performed
by comparing FAME peaks relative mass spectra with
those obtained from the Wiley 229, Nist 107, Nist 21, and
Adams 2007 Libraries. Results were expressed as Mass
response area in relative percentages.'s

Free radical scavenging assay
DPPH with molecular formula of C ;H ,N.O, was used to
evaluate the in vitro antioxidant activity of O. acanthium

methanol extract and fractions, with quercetin serving
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as the reference positive control. Initially, various
concentrations of the samples were prepared and eight
milligrams of DPPH was dissolved in methanol to achieve
a concentration of 80 pg/mL. Each of the diluted sample
solutions (1 mL), were mixed with DPPH (1 mL) and were
allowed to stand for 30 min for any oxidation reaction
to occur. Finally, UV absorbance of the samples were
recorded at 517 nm using a spectrophotometer, as per
previous protocols.'® The experiments were performed
in triplicate and the average absorption was noted for
each concentration. Ultimately, the percentage of DPPH
radical scavenging activity is calculated together with
the IC, value, the concentration of a sample required to
scavenge 50% of the DPPH radicals which stands for the
half maximal inhibitory concentration of each sample,
which is calculated and reported from the slope of
concentration-inhibition percentage curve constructed.
Likewise, the same procedure was followed for the positive
control, quercetin. Results of this assay were indicative of
the antioxidant potential of the O. acanthium extract and
fractions compared to the reference compound quercetin.

Results and Discussion
Structure elucidation
Compounds from 40% SPE fraction of methanol extract
Compound I (31 mg) occurred as dark brownish
crystals with retention time of 10.9 minutes in HPLC
chromatogram. The 'HNMR spectrum of the compound
exhibited some clear peaks at 7.62 ppm (d, 15.47 Hz), 7.57
ppm (d,15.49 Hz), 6.78 ppm (d, 8.2 Hz), 6.39 ppm (d, 15.47
Hz), 6.30 ppm (d, 15.49 Hz), and 7.38 ppm (d, 3.18 Hz).
Moreover, a signal at 5.38 ppm with coupling constant of
3.4 Hz revealed that there might be an aldose moiety in
the structure. "CNMR spectrum confirmed presence of
a lignan lactone ring (36, 46, 71, and 180 ppm). Also, the
presence of 2 caffeoyl groups was revealed via observation
of characteristic peaks at 167.5-168.0, 126.4-126.7, 114.6-
115.0, and 147.9-148.0 ppm. No methoxy groups were
present at this compound. Maximum UV absorbance was
recorded at 245, 295, and 327 nm which are in agreement
with the caffeoyl groups’ absorbance pattern. Finally,
compound 1 was suggested to be 27,6”-[dicaffeoyl]-
glucosyl-4’-hydroxy enterolactone (Figure 1).
Compound II (3 mg) was obtained as light brown
crystals with retention time of 52 minutes in HPLC
chromatogram. '"HNMR spectrum showed main signals
at 7.39 ppm (¢, 15.6 Hz), 7.0 ppm (s), 6,97 ppm (dd, 1.9
and 7.67 Hz), 6.89 ppm (d, 1.9 Hz), 6.76 ppm (d, 8.64 Hz),
6.64 ppm (dd, 1.95 and 8.13 Hz), 6.34 ppm (d, 15.68 Hz),
3.57 ppm (t, 7.07 Hz), 2.93 ppm (t, 7.07 Hz). These data
showed that caffeoyl and serotonin moieties are present in
the skeleton. Also, the presence of aromatic, olefinic, and
ketone signals in "CNMR spectrum and UV absorbance
together with data reported in the literature, confirmed
that the molecule could be N-caffeoyl serotonin (Figure 1).
Compounds from 60% SPE fraction of methanol extract
Preparative HPLC chromatogram of 60% SPE fraction

OH
HO

HO

Figure 1. Isolated compounds from 40% SPE fraction of Onopordum
acanthium seeds methanol extract

of methanol extract indicated 15 major peaks, which 5 of
them were purified and their structure were elucidated.

Compound IIT (142 mg) was purified as a crystalline
compound with retention time of 5.5 minutes. This
compound showed similar signals and absorbance to
compound 2 and the presence of acyl and serotonin
moieties was confirmed. But a singlet signal was appeared
at 6.99 ppm at 'HNMR spectrum. It means that there are
3 OH- substitutes on the acyl side on the aromatic ring.
So, the structure was elucidated as 3’,4’,5-trihydroxy-
cynnamoyl-serotonin (Figure 1).

Compound IV (47 mg) showed two groups of proton
signals at 2.5-4.5 and 6.5-7.5 ppm. In the aromatic region,
three signals belonging to a benzene ring are observed.
Another three aromatic signals are clear in this region.
Observed signals at 3.5-4.5 ppm are related to an aldose
moiety. Also, 3 methyl groups appeared in 3.74, 3.76,
and 3.78 ppm as singlets indicating methoxy substitutes.
Signals from "CNMR spectrum confirm the presence of
mentioned aromatic rings, aldose, and methoxy groups.
Comparison of obtained data with those of the literature'
indicated that compound IV was a lignan named arctiin
(Figure 2). Arctiin is a lignan that is very common in
Asteraceae family and has been isolated from Onopordum
spp., and also from fruits, leaves and roots of Centaurea
americana and Centaurea imperialis. Arctiin has also been
isolated from Trachelospermum asiaticum, Saussurea
heteromalla, and Forsythia viridissima. It is reported
from O. acanthium for the first time. In previous studies,
arctiin and its genin have shown anti-inflammatory,
anti-mutagenic, cytotoxic, and antitumor activities.'s*°
Elsewhere, arctiin revealed to be an inhibitor of PC-3
human prostate cancer cells, however its mechanism of
action remained unknown.

Compound V (182 mg) showed very similar NMR
spectra to compound IV. In 'HNMR spectrum the
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methyl signal at 3.74 ppm was disappeared. Also, in
BCNMR spectrum just two methoxy groups were found
(55.1 1nd 55.3 ppm). This compound was identified as
matairesinoside (Figure 2). It was previously isolated
from the genus Centaurea. This is the first report on
the isolation of matairesinoside from Onopordum spp.
Cytotoxicity and anti-inflammatory activity have been
reported for this lignan metabolite in previous studies.*'
Compound VI (15 mg) with retention time of 12 min
exhibited proton signals very close to those of arctiin. The
only difference was the shift of a doublet peak to 7 ppm
which showed the attachment of glucose to C4’. So, it was
characterized as matairesinol-4’-glucoside (Figure 2).
Matairesinol (Matairesinol-4’-glucoside) has been isolated
from different species of Asteraceae, Apiaceae, Oleaceae,
and other families. To the best of our knowledge, this is

Figure 2. Isolated compounds from 40% SPE fraction of Onopordum
acanthium seeds methanol extract

the first report on the purification of matairesinol from
Onopordum members.

Compound VII (6 mg) with retention time of 27 min
showed that it contains 2 aromatic rings with the same
substitution pattern. Existence of 3 methoxy groups was
confirmed by 3 singlet signals at 3.75, 3.77, and 3.80
ppm. Moreover, multiples around 3.9-4.3 ppm and 2.5-
3 ppm affirmed the presence of lignans lactone ring.
Also, "CNMR data supported the lignan structure with
2 aromatic rings and their substituted 3 methoxy groups.
Finally, this compound was identified as arctigenin
(Figure 2). It was reported from O. acanthium and O.
acaulon before. Arctigenin has great biological properties
including anti-inflammatory, antiviral, and anticancer
activities.”*

The isolated lignan derivatives include arctiin,
matairesinoside, matairesinole-4’-glucoside, arctigenin,
and 27,6”-[dicaffeoyl]-glucosyl-4’-hydroxy-enterolactone
(Figures 1 and 2). These lignan derivatives belong to
phenylpropanoid dibenzylbutyrolactone lignans (with
two B-p’ bonds in C3 and C6 and a lactone bridge of
y-Y). Matairesinol glycosylation gives matairesinoside,
the methylation of which leads to the formation of arctiin.
Arctiin is converted to arctigenin by a B-glucosidase.
Lignans possess antifungal, antibacterial, antitumor, anti-
inflammatory, and pesticide activities. Also, from ecologic
point of views, lignans are evolutionary biomarkers and
have critical roles in the interactions of plants with other
organisms.

Identification of fatty acid profile

Lipids are necessary in the human diet for the body due
to their vital role in providing energy and essential fatty
acids for the body’s health.

The oil of O. acanthium from Iranian origin was
obtained for the first time by soxhlet extraction using
petroleum ether and its fatty acid composition was
investigated. Fatty acid composition was determined
using GC/MS analysis after methylation of related acid
(Table 1). The total content of thistle lipid was 30.55%
w/w. eight fatty acids were identified that make up
100% of the oil composition. The main component was
identified as 9,12-Octadecadienoic acid (63.41%) followed
by 13-Octadecenoic acid (28.21%) and n-hexadecanoic

Table 1. Fatty acid composition of petroleum ether extract of Onopordum acanthium

Fatty acid Percentage Molecular weight Formula
3-Methyltetradecanoic acid Cisa 0.08 242.403 g/mol C,H,,0,
Palmitic acid Cioo 5.86 256.430 g/mol C,H,,0,
Linoleic acid Ciy 63.41 280.452 g/mol C,,H,,0,
13-Octadecenoic acid Cin 28.21 282.468 g/mol C,H,,0,
Stearic acid (Octadecanoic acid) (G 3.73 284.484 g/mol C,H,.0,
Methyl-9,10-epoxystearic acid Ciso 0.2 298.490 g/mol C,H,,0,
Arachidic acid (Eicosanoic acid) (G- 0.42 312.538 g/mol C,H,,0,
Lignoceric acid (Tetracosanoic acid) Cio 0.1 368.646 g/mol C,H,0,
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acid (5.86%). Chemical structures of the identified fatty
acids could be seen in Figure 3. The ratio of unsaturated/
saturated FA was 91.62: 8.38. The oil yield in this work
is higher than a previous work on Bulgarian thistle
(21.2% w/w) but the unsaturated/saturated is similar
(88.5:11.5). There are few reports on the fatty acid
and lipid composition of O. acanthium seeds, but other
Onopordum species have been neglected. Turkish O.
acanthium was investigated for fatty acid, tocopherol,
and mineral contents of its seeds. Similar percentages of
palmitic acid (5.8) and linoleic acid (65.9) was reported in
that work. But at the present study, 13-octadecenoic acid
was detected instead of oleic acid (9-octadecenoic acid)
which was the second major compound in Turkish thistle
(18.8%).

Radical scavenging activity

The results of the DPPH assay revealed that all methanol
fractions of O. acanthium exhibited strong radical
scavenging activities, with RC, values ranging from 2.1
to 501 pg/mL. In particular, the 80% methanol fraction
demonstrated the most prominent antioxidant activity, as
is shown in Table 2. The antioxidant capacity of the tested
samples was found to be comparable to that of quercetin.
This notable antioxidant potential might be attributed
to the high levels of lignans and serotonin derivatives
present in the methanol extract. Both lignans and
serotonin derivatives belong to the classes of compounds
that contain phenolic groups, which are well-known in
playing vital antioxidant roles through serving as electron
and hydrogen donors, metal chelators, and reducing
agents. In the same way, the observed antioxidant
effects might also be attributed to the presence of other
secondary metabolites such as flavonoids and organic
acids, that are also acknowledged to be present in thistles.
These findings suggest that thistles possess significant
antioxidant properties due to the presence of various
bioactive compounds that contribute to their radical

Linoleic acid

Methyl-9,10-epoxystearic acid

scavenging activities.

Conclusion

In conclusion, the present study highlights the potential
health benefits of Scotch thistle (O. acanthium L.) due to
its high content of lignans including arctiin, arctigenin,
and matairesinol, serotonin derivatives, and antioxidant
activity. Additionally, the fatty acid profile of Scotch
thistle provides valuable information for its potential use
in functional foods and nutraceuticals. The findings of
this research provide valuable insight into the bioactive
compounds present in O. acanthium, a plant traditionally
utilized inIran, Azerbaijan,and Turkey for the treatment of
infectious and hemorrhaging hemorrhoids. Nonetheless,
further research is warranted to fully understand the
mechanisms underlying these beneficial effects and to
explore the potential applications of Scotch thistle in the
development of novel therapeutic agents. Overall, Scotch
thistle emerges as a promising natural resource with a
wide range of health-promoting properties that warrant
further investigation and utilization.
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