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Abstract

Fatty acids (FAs), sterols, and triterpenes of dichloromethane extracts of the fruits of 8 Heracleum L. taxa (Apiaceae) from
southeastern Europe were investigated by gas chromatography with flame ionization detector and gas chromatography with
mass spectrometry. In order to analyze the FAs, their volatile methyl esters were obtained by saponification and subsequent
esterification of oily supernatants of the fruit extracts. Dominant was petroselinic acid (42.8%-56.5%), followed by linoleic
(20.3%-33.3%) and oleic acids (12.3%-13.7%). Sterols and triterpenes were analyzed as volatile derivatives obtained by the
silanization of residual unsaponifiable fractions. Among them, the most abundant was p-sitosterol (44.9%-56.9%), followed by
stigmasterol (15.7%-25.0%), A’-stigmastenol (6.6%-12.5%), and campesterol (5.2%-8.1%). The quantity of petroselinic acid
was also determined by the external standard method (298.8-433.4 mg/g of oily supernatant). The obtained results show that

the investigated plants are potential valuable sources of the compounds utilized in different industries.
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Plants belonging to the Apiaceae family are widely distrib-
uted in temperate climate regions, and the fruits of some of
these species (eg, Coriandrum L. and Carum L. spp.) are
valued as sources for the extraction of many important oleo-
chemicals, which can be used in the chemical, pharmaceuti-
cal, cosmetic, food, and other industries.!” In this regard,
plants from the genus Heracleum L. (cow parsnips, hog-
weeds) are insufficiently investigated. The previous investi-
gations were mainly focused on the composition of their
essential oils, some of which exhibited significant bioactivi-
ties (eg, antibacterial, antifungal, cytostatic, anticonvulsive,
anti-inflammatory, and analgesic, in some cases comparable
with or even better than the effects of the reference drugs).*™®

In the focus of the present study are 8 Heracleum taxa
collected in southeastern Europe: Heracleum sphondylium
L. (HSPH), Heracleum sibiricum L. (HSIB), Heracleum
montanum Schleich. ex Gaudin (HMON), Heracleum terna-
tum Velen. (HTER), Heracleum pyrenaicum subsp. pollinia-
num (Bertol.) F.Pedrotti & Pignatti (HPOL), H. pyrenaicum
subsp. orsinii (Guss.) F. Pedrotti & Pignatti (HORS), and
Heracleum verticillatum Panci¢ (HVER), all belonging to
the H. sphondylium group,’ as well as Heracleum orphanidis
Boiss. (HORP). Taxa of the H. sphondylium group can grow
up to 3.5 m high, with umbels circa 20 cm wide, producing
an abundance of fruits. Heracleum orphanidis has a stem up

to 50 cm high and umbels circa 5 cm in diameter.'® Recently,
we reported on the furanocoumarins of crystalline precipi-
tates from dichloromethane extracts of the fruits of these
plants."" In this study, we investigated the fatty acids (FAs),
sterols, and triterpenes of oily supernatants of these
Heracleum fruit dichloromethane extracts.

Oily supernatants of dichloromethane extracts of the
fruits of the investigated Heracleum taxa were subjected to
saponification and subsequent esterification to obtain vol-
atile fatty acid methyl esters (FAME). The identified FAs,
including their quantities determined by the peak area nor-
malization method, are presented in Table 1. The investi-
gated oily supernatants had both qualitatively and
quantitatively very similar FA compositions. The domi-
nant were monounsaturated (57.8%-70.3%). Each

' Department of Pharmacognosy, University of Belgrade - Faculty of
Pharmacy, Serbia

2 Faculty of Chemistry, University of Belgrade, Serbia

3 Natural History Museum, Belgrade, Serbia

Corresponding Author:

Ljubos Usjak, Department of Pharmacognosy, University of Belgrade -
Faculty of Pharmacy, Vojvode Stepe 450, 11221 Belgrade, Serbia.
Email: ljubos@pharmacy.bg.ac.rs

® @ Creative Commons Non Commercial CC BY-NC:This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
@ T License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-

access-at-sage).


mailto:ljubos@pharmacy.bg.ac.rs
https://journals.sagepub.com/home/npx
http://www.creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1934578X19856788&domain=pdf&date_stamp=2019-06-10

Natural Product Communications

*(%]°0>) @e1—.1 4O (SUONBIASP p.JepuRlS F

"SI|DBIQ Ul S19239] JUAIYIP Aq patedIpul aJe JuEIeUIdNS 4|10 Uk Ul SpIde A13e) JO sannuenb ayy usamIaq (§0°0 > d) SIOUBIAYIP JUBDYIUSIS,

SUOIIBUILLIBIBP € JO suesw ay3 se passadxa) eyep JusdJad eaJe 1031939p UONEBZIUO! SWER|) WO.y pauleIqo spunodwod ay3 jo sadejusdiad ea.e sAleRY,
'$49153 |Ayraw pioe A11e) se parednsaAul,
*(ulw) uwinjod gg-dH Uo sswin uonusley,

"PIoE A118) Pale.INIES ‘\/4S ‘SO UONUIRI VY ‘PIde A13e) pajeaniesunijod ‘yiNd ‘PIoe A138) pajeaniesunouow ‘4N
919Ued WNIDJIDIISA WNIPDISH “YIAH US[SA WNIDUISY WNJPDISH “YI L H ¢ wnijApuoyds wnadpisH ‘HYSH ¢ WnouIqis wnajppidH ‘gSH ‘Reusid @ n104pad 4 ((jorag) wnupiuyjod 'dsqns wnoipualAd
wnapDIdH “TOdH ‘13eudid @ 11304pad 4 (‘ssno) nuisio ‘dsqns wndipualAd wnapPpIsH ‘SYOH ¢sslog SIPIUDYdIo Wn3PDISH JYOH ‘UIPNED) X3 "YdI3|ydS WnuDpIuow wnadpidH ‘NOWH ‘SPIoe A118) ‘s

0001 07001 0001 0001 0001 0001 0001 0001 paiIupI [B30L
vz 9T 9'8C 9'9C 8T SpE 1€ Tee v4Nd
£0L v'19 €9 €59 S€9 8'/S ) 9'8S VAN
€8 b9 T8 I'8 I'8 8L 96 €8 VA4S
®ooFzo CIOI1oFzo (@ooFio @ooFi0o @WooF10o @ooF1o (@ooFco (@ 00FT0 047D predud0Udl  S8'EE 8l
®1oFxco (P)ooFeo (@ooFro @roFeo (@ooFro (g o0Fro @I10oFeo (@) 00FC0 07D ppeduaYsg 860 LI
@@ 10Fy0 (P)ooFeo @@ I1oFeco @ooFeco ) ooFyro (ooFeo )0o0oF90 (A00F S0 26Ul:07D pIoE DloUasOdIF-| [P 006 9|
(P) oo+ (®o007F60 G)ooFeo (P)ooFsgo (ooFol (P10 PooFol (P OOFII gugg|ID ppedBoUr-» 8887 S|
(@ 1oFyo @ 1oFeo @ooFxso (ooF90 (P O0OFLO G)roFyro )roFszo G I0FLO 0:07D pREDIPIYRIY [ |'8T bl
@ziFeor MeoFest @Gs1Fzz WeoFsst OTIFvie WeoFeee WooFooe WE0OFITE  29uT8ID ppedplour]  8e/T €|
(>9)00F80 (R 00FOI G)ooFeo (P o0F0ol (G)00FOI PooFe0o (P ooFel  (PoOF 2Lu1:81D PIOE DUSIBA-SD G197 Tl
WeoForl MWroFzel @rzoFeru G eoFort WooFyel G roxoel G 1oFszz @PoFeel  26uI8ID PPEIRIO 09T ||
Wzrersos OsoFres Werxser OrzoFels OezFosy OeoFswy O00F9Hy O 1IN FSeH  dTYUIBID ppEdIPsONdd  £6'ST Ol
P 1roF9l @WooF 1l PooFsT G)ooFI @WooFLl G ooFyl ()ooFslT (roFsl 081D ppEOLEAS  80'ST 6
®ooFI10 (@®o0F10 (&) n ®o0F10 (qe) ®ooF10 (@ooF10 @®I10FI0 0:L1D ppedjouessperdd  /H'€C 8
®ooF10 (@ooF10 ((@ooFzo ®00Fz0 @@o0FI10 (@O00FI0 (9®00FT0 (9B) I'0FTO  2LUl91D ppedPRONWRY  S6TT L
@) roFs @ooFxyry (ecoFyrs GWroFes GToFiIs WooFe WooFy ®Wro= 0912 ppednIWEd 81T 9
®ooFi10 (@ooFi0 ®@o00oF10 ®00F10 @@00FI10 @00FI10 @00FI10 (®00FI0 051D ppedjouedspRIURY 0107  §
(®o0F 10 (&) n (@®ooF10 ®o0oF10 @@o0oFI10 (®00FI0 (@®00F10 (&) n 01D peonsUAl  Op'8l b
(®oo*F10 (®)n (®00F 10 (®) 1 (&) (®) 0 (@) 00F 10 (8) 0TID ppedLNE]  £1'§] €
- - () 1 () 0 () 0 () 0 (®) 1 () 1 0:01D ppoeodudey 94| C
- - ®ooF10 ®00FI10 (q®00FI10 (®) 0 (g®) 00F 10 o(8) 5 0:8D predjkided 9901 |
dYOH Y3IAH SYOH 10dH Y3lH NOWH gISH HdSH oS4 24 ©ON

*(%) suN.4 Wn3PDISH Pa1E3NSBAU| JO SIDBIIXF dUBLIBWOIO|YDI] JO

sjuezeusadng A1Q jo uonisodwor) py Arey

‘1 s1qeL



Usjak et al.

supernatant contained significant (P < 0.05) quantities of
petroselinic  (42.8%-56.5%) and oleic (12.3%-13.7%)
acids, as well as of polyunsaturated linoleic acid (LA)
(20.3%-33.3%). The amount of petroselinic acid was also
determined by the external standard method and was 348.1
+ 0.5 mg/g of HSPH, 298.8 + 0.7 mg/g of HSIB, 340.1 +
1.7 mg/g of HMON, 374.2 = 10.0 mg/g of HTER, 355.4 +
12.2 mg/g of HPOL, 375.8 + 7.1 mg/g of HORS, 433.4 +
1.1 mg/g of HVER, and 420.0 £ 10.6 mg/g of HORP oily
supernatant. Our study is in agreement with the one of
Kleiman and Spencer,'”” where petroselinic (47.4%-
56.3%), linoleic (24.6%-31.7%), and oleic (12.2%-14.4%)
acids were the dominant ones in the fruit fatty oils of sev-
eral Heracleum taxa, including H. sphondylium, H. sibiri-
cum, H. montanum, and H. pyrenaicum subsp. orsinii
collected in either southeastern Europe or Turkey. In addi-
tion, in the present research, 12 more FAs were identified,
providing a more comprehensive insight into their FA
compositions. A similar qualitative and quantitative FA
composition was determined of the fatty oils and/or hep-
tane extracts of the fruits of Heracleum candicans Wall. ex
DC., Heracleum lanatum Michx., Heracleuem pinnatum
C.B. Clarke, Heracleuem platytaenium Boiss., Heracleuem
trachyloma Fisch. & C.A. Mey., and Heracleum crenatifo-
lium Boiss.'*"

The chemosystematic significance of petroselinic acid
is well known.'* Namely, it is the dominant FA in the fruits
of most genera of Apiaceae.'*'* For example, this FA was
the most abundant in the total lipid extracts of the fruits of
caraway, Carum carvi L. (29.46%-31.12%),? and corian-
der, Coriandrum sativum L. (76.65%)."* Petroselinic acid
is utilized in different industries. In the chemical industry,
it is subjected to oxidative cleavage in order to obtain a
mixture of adipic and lauric acids. Adipic acid can be used
for a nylon polymer synthesis, whereas lauric acid is uti-
lized as a raw material for softeners, emulsifiers, deter-
gents, and soaps.” Petroselinic acid also synthesizes new
sophorolipids, environmentally friendly biosurfacants."
In cosmetic formulations, this FA acts as a moisturizing
and anti-aging agent, and in those containing o-hydroxy
acids, it is added as a skin-irritation reducing agent.'>"'®
Petroselinic acid is also a potentially valuable raw material
for the pharmaceutical and food industries. Namely, it was
previously revealed that this FA possesses anti-inflamma-
tory properties, since it inhibits the production of arachi-
donic acid metabolites and/or reduces the formation of
intracellular adhesion molecules.'” Additionally, the lysis
of triglycerides with the incorporated petroselinic acid by
pancreatic lipases occurs at much lower efficacy than the
lipolysis of oleic acid rich triglycerides. Thus, it could be
possibly used in low-fat diets.'>** Among the polyunsatu-
rated FAs in the investigated Heracleum extracts, diunsat-
urated LA and triunsaturated o-linolenic acid (ALA) were
identified. LA and ALA are the only known essential FAs,

ie, they cannot be synthesized in the human body. Because
of their effects on lipoprotein concentration, membrane
fluidity, function of membrane enzymes and receptors,
modulation of eicosanoid production, regulation of blood
pressure, and metabolism of minerals, essential FAs have
antiatherogenic and antithrombotic properties.?!

Sterols and triterpenes of the oily supernatants of the
investigated Heracleum fruit dichloromethane extracts
were analyzed as their volatile trimethylsilyl derivatives
obtained by the silanization of unsaponifiable fractions.
The proportion of total sterols and triterpenes in the unsa-
ponifiable fraction was 73.3% + 1.0% in HSPH, 71.9% =+
0.5% in HSIB, 65.3% = 1.8% in HMON, 57.4% + 0.8% in
HTER, 62.5% + 0.9% in HPOL, 62.0% + 1.0% in HORS,
66.6% £+ 1.1% in HVER, and 66.4% = 0.7% in HORP. The
investigated unsaponifiable fractions had identical qualita-
tive and very similar quantitative sterol and triterpene
compositions (Table 2). Among them, the dominant were
phytosterols (87.2%-92.5%). Namely, significant (P <
0.05) quantities of B-sitosterol (44.9%-56.9%), stigmas-
terol (15.7%-25.0%), A7—stigmastenol (6.6%-12.5%), and
campesterol (5.2%-8.1%) were determined. The health
promoting benefits of phytosterols are well known. They
can reduce the total and LDL cholesterol, decrease the risk
of certain forms of cancer, and improve the treatment of
prostate disorders. Furthermore, some phytosterols are
important raw materials for the semisynthesis of various
drugs with steroid structure.'*** Previously, p-sitosterol
was isolated from the light-petroleum extract of H. sphon-
dylium fruits® and from the ethanol extract of H. pyrenai-
cum Lam. aerial parts,”* as well as from different extracts
of various plant parts of some other Heracleum species,
such as the petroleum fraction of the ethanol extract of H.
canescens Lindl. roots.”® On the other hand, stigmasterol
was not identified in the investigated taxa previously, but
was isolated from several other Heracleum species, eg,
from the petroleum ether extract of H. platytaenium aerial
parts.”® The presence of other sterols, as well as the only
identified triterpene, a-amyrin (0.8%-6.0%), was reported
for the first time in Heracleum taxa in this work. Triterpene
alcohols are regularly identified as the constituents of
unsaponifiable fractions of fatty oils, and a-amyrin was
previously detected, for example, in olive oil, Oleae oleum
and in corn oil, Maydis oleum.*"*®

In this research, FAs, sterols, and triterpenes of the fruits
of H. ternatum, H. pyrenaicum subsp. pollinianum, H. verti-
cillatum, and H. orphanidis were investigated for the first
time, while in the case of H. sphondylium, H. sibiricum, H.
montanum, and H. pyrenaicum subsp. orsinii, the data for the
composition of these metabolites were significantly comple-
mented. Additionally, our results indicate that the fruits of
the investigated 8 Heracleum taxa represent valuable natural
sources for the extraction of certain oleochemicals, eg,
petroselinic acid, preserving resources of other Apiaceae
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fruits, such as those of Carum and Coriandrum spp., for their
utilization in the pharmaceutical and food industries, and for
cookery.

Experimental

Chemicals

Bis-(trimethylsilyl)-trifluoroacetamide (BSTFA), cis-6-octa-
decenoic acid methyl ester (petroselinic acid methyl ester)
(10 mg/mL in heptane), cis-11-vaccenic acid methyl ester
(10 mg/mL in heptane), Supelco 37 component FAME mix
(in dichloromethane), ergosterol (10 mg/mL in chloroform),
and methanol (HPLC grade, >99.9%) were purchased from
Sigma-Aldrich (St. Louis, MO, United States), -sitosterol,
stigmasterol, and dichloromethane (HPLC grade) from Carlo
Erba (Val-de-Reuil, France), and a homolog series of n-al-
kanes (C4-C,) from Fluka (Buchs, Switzerland). All other
reagents were of p.a. quality.

Plant Material

The fruits of the investigated Heracleum taxa were collected
from the wild in southeastern Europe. The plants were iden-
tified by curator/botanist of the Natural History Museum
(Belgrade), Dr Marjan Niketi¢. Voucher specimens have
been deposited in the Herbarium of the Natural History
Museum, Belgrade (BEO). Collection localities and dates, as
well as voucher numbers, are shown in Table 3.

Extraction and Sample Preparation

The fruits were air-dried, powdered, and extracted twice
with dichloromethane at room temperature (maceration for 3
and 2 days, drug/solvent 1:10 w/v). The solvent was evapo-
rated under reduced pressure, and after standing at 4°C for
24 hours, the extracts were filtered to separate oily superna-
tants from furanocoumarin-rich crystalline precipitates (this
procedure was repeated twice). Saponification of the oily

supernatants (1 g) was achieved by 50% potassium hydrox-
ide (5 mL)/ethanol (30 mL) at 90°C for 60 minutes.
Unsaponifiable residues were removed using light petro-
leum, and the soap-rich polar fractions were treated with
hydrochloric acid to obtain free FAs, which were then col-
lected using diethyl ether. After evaporation of the solvent,
FAs were esterified by 98% sulfuric acid (1 mL)/methanol
(150 mL, purity >99.9%) at 80°C for 60 minutes to obtain
volatile FAME, which were collected using light petroleum.
In order to analyze sterols and triterpenes, residual unsapon-
ifiable fractions (500 pL of 10 mg/ml solution in dichloro-
methane) were treated with BSTFA (50 uL) and held at 60°C
for 45 minutes to obtain volatile trimethylsilyl derivatives.
The samples were analyzed within 6 hours after derivatiza-
tion. The content of oily supernatants in the fruits of the
investigated Heracleum taxa, as well as of FAME and unsa-
ponifiable fractions in the oily supernatants, is presented in
Table 4.

Gas Chromatography with Flame lonization Detector
and Gas Chromatography with Mass Spectrometry
Analysis

The analysis of FAME was performed on an Agilent 6§90N
Gas chromatograph (GC, Agilent Technologies, Palo Alto,
CA, United States) equipped with a split/splitless injector
(260°C), a flame ionization detector (FID), and a capillary
column (Agilent J&W HP-88, 100 m x 0.25 mm, 0.20 um
film thickness), and coupled with an Agilent 5975C mass
selective detector (MSD) operating in the electron ioniza-
tion (EI) mode at 70 eV. The carrier gas was He at a flow
rate of 1.2 mL/min. The oven temperature was initially
held at 140°C for 5 minutes, then increased linearly from
140 to 240°C at 4°C/min, and finally held at 240°C for 10
minutes. The FID and MSD transfer line temperatures
were 260°C and 250°C, respectively. The split ratio was
1:25 and the injected volume 1 pL of 1% solution of FAME
in dichloromethane. The identification of the FAME was

Table 3. Collection Localities and Dates, and Voucher Numbers of Investigated Heracleum Taxa.

Collection date

Voucher no.

Taxa Collection locality

HSPH Litija (Slovenia)

HSIB Nis$ (Serbia)

HMON Kamnik-Savinja Alps (Slovenia)
HTER Mt Durmitor (Montenegro)

HPOL Mt Jablanica (North Macedonia)
HORS Mt Durmitor (Montenegro)

HVER Mts Stara Planina (Serbia)

HORP Mt Baba Planina (North Macedonia)

September 2015

September 2014

September 2015
August 2013
August 2009
August 2011
August 2013

July 2012

20150704/01 BEO
20140717/01 BEO
20150707/01 BEO
20130807/14 BEO
20090801/32 BEO
20110804/01 BEO
20140722/02 BEO
20120706/01 BEO

HMON, Heracleum montanum Schleich. ex Gaudin; HORP, Heracleum orphanidis Boiss.; HORS, Heracleum pyrenaicum subsp. orsinii (Guss.) F. Pedrotti &
Pignatti; HPOL, Heracleum pyrenaicum subsp. pollinianum (Bertol.) FPedrotti & Pignatti; HSIB, Heracleum sibiricum L.; HSPH, Heracleum sphondylium L.; HTER,

Heracleum ternatum Velen.; HVER, Heracleum verticillatum Pancic.
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Table 4. The Content of Oily Supernatants in the Fruits of Investigated Heracleum Taxa, as well as of Fatty Acid Methyl Ester and

Unsaponifiable Fractions in the Oily Supernatants, % (w/w).

Content HSPH HSIB HMON HTER HPOL HORS HVER HORP
Oily supernatant 9.30 8.46 9.65 11.73 11.85 10.57 10.23 9.72
FAME 84.5 84.8 84.5 85.6 74.8 80.2 83.8 84.4
Unsaponifiable fraction 1.34 2.19 2.6l 1.73 1.90 1.36 1.57 1.77

HMON, Heracleum montanum Schleich. ex Gaudin; HORP, Heracleum orphanidis Boiss.; HORS, Heracleum pyrenaicum subsp. orsinii (Guss.) F. Pedrotti &
Pignatti; HPOL, Heracleum pyrenaicum subsp. pollinianum (Bertol.) FPedrotti & Pignatti; HSIB, Heracleum sibiricum L.; HSPH, Heracleum sphondylium L.; HTER,

Heracleum ternatum Velen.; HVER, Heracleum verticillatum Pancic.

based on the comparison of their retention times (Rt) and
mass spectra with those of representative standards ran
under the same chromatographic conditions, ie, Supelco
37 Component FAME Mix, petroselinic acid methyl ester,
and cis-11-vaccenic acid methyl ester. Relative percent-
ages of the compounds were calculated based on the peak
areas from the FID data. Additionally, the quantity of the
most abundant FA, petroselinic acid, was determined by
the external standard method, ie, by the construction of a
calibration curve of petroselinic acid methyl ester (concen-
tration range 0.08-10.00 mg/mL; y =15 288 881 008.70x +
736 572.53; r* = 0.9990). Gas chromatography with flame
ionization detector (GC-FID) and gas chromatography
with mass spectrometry (GC-MS) analysis of the unsapon-
ifiable fractions was performed on an Agilent 7890A GC
equipped with 5975C (inert XL EI/CI) MSD and a FID
detector connected by a capillary flow technology two-
way splitter with make-up (250 °C). A HP-5MS capillary
column (Agilent, 30 m x 0.25 mm, 0.25 pm film thickness)
was used. The temperature of the GC oven was pro-
grammed from 60°C to 315°C at 3°C/min and held at
315°C for 15 minutes. He was used as carrier gas at 1.3
mL/min. The split ratio was 1:10 and the injection volume
was 1 puL of a previously prepared solution of trimethylsi-
lyl derivatives. The FID and MSD transfer line tempera-
tures were 300°C and 315°C, respectively. The MS data
were acquired in EI mode at 70 eV. The identification of
the compounds was based on the comparison of their
retention indices (RI), Rt, and mass spectra with those of
commercially available standards (fB-sitosterol, stigmas-
terol, and ergosterol), as well as to NIST/NBS 05, Wiley
libraries 8th edition and NIST Chemistry WebBook.”’ The
linear RIs were determined in relation to a homolog series
of n-alkanes (Cg¢-C,,) run under the same operating condi-
tions. Relative percentages of the compounds were calcu-
lated based on the peak areas from the FID data.

Statistical Analysis

Determinations were carried out in triplicate. The results are
expressed as mean values + standard deviation and analyzed
by one-way analysis of variance, followed by Tukey’s post
hoc test. Values of P below 0.05 were considered to indicate

significant differences. The analysis was carried out by
Statistical Package for the Social Sciences (SPSS) version
23.0.
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