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Abstract: Phytochemical study of the chloroform extract of the aerial parts of
Inula germanica L., I. ensifolia L., I. conyza (Griess.) DC. and [. salicina L. led
to the identification of 33 terpenoids. f- and a-amyrin, lupeol, taraxasterol,
w-taraxasterol and their 3-O-acetates and 3-O-palmitates were identified by
GC/MS. In addition, the structures of 3-O-palmitates of mainaladiol, arnidiol,
faradiol and 16-hydroxylupeol were confirmed by NMR. ent-Kaur-16-en-19-
-oic acid and its 15a-(3-methylpentanoyloxy) and 15a-(3-methylbutanoyloxy)
derivatives were isolated from 1. conyza. Ten closely related sesquiterpene lac-
tones (germacranolides and melampolides) were found in I germanica and
their structural identification was performed by spectral analyses. /. ensifolia
and I salicina were free of sesquiterpene lactones and diterpenoids. All triter-
penoids and diterpenoids, grazielia acid, desacetylovatifolin and 8-(2-methyl-
butanoyloxy)-1(10),4,11(13)-germacrutrien-6,12-olide-14-oic acid are des-
cribed for the first time in the studied species. The principal component ana-
lysis was used to find a relationship between the investigated up to now Inula
species, growing in Bulgaria.
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INTRODUCTION

Genus /nula (Asteraceae) includes more than 100 species distributed mainly
in Africa, Asia and Europe. The genus is paraphyletic and heterogeneous
concerning several diverse characters, which makes determining taxa difficult.!-2
Inula species are an inexhaustible source of new chemical diversity and approx-
imately 500 secondary metabolites have been identified to date, some of which
with relevant pharmacological activity, such as antiproliferative, antiviral, anti-
bacterial, antifungal, anti-inflammatory, antitumour, cytotoxic, antiprotozoal,
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etc.3-6 Undoubtedly, the most important and representative compound classes of
secondary metabolites in this genus are sesquiterpene lactones. However, further
important metabolites were also found, e.g., thymol and chlorogenic acid deri-
vatives, sterols and flavonoids. Sesquiterpene lactones possess a common bio-
synthetic origin, and are useful chemical characters for differentiating subtribes
within several major tribes, or to study infra- and intraspecific variability in
certain genera of Asteraceae family.”

So far, the phytochemical studies of /nula species, growing in Bulgaria,
namely 1. oculus-christi,3° I. britannica,'0 I. aschersoniana'l and I. bifrons!?
revealed the presence of various terpenoids, among which the most distinctive
was the group of sesquiterpene lactones. Continuing our research on [nula spe-
cies, herein we describe the terpene constituents of four /nula species — Inula
germanica L., I. ensifolia L., I. conyza (Griess.) DC. and I. salicina L. The
species selected for the study are the representatives of two groups according to
the classification of Anderberg.? Inula salicina, 1. germanica and I. ensifolia
belong to the /nula salicina group, diagnosed by xeromorphic leaves and with
ligulate peripheral flowers, 1-1.5 as long as the involucre. Inula conyza is a part
of Inula decurrens group. While 1. ensifolia and I. conyza are clearly distinct
morphologically, the identification of I. germanica and I. salicina possesses more
difficulties. Inula ensifolia is characterized by lanceolate and acute leaves with
the parallel venation, and /. conyza — by much wider leaves and very short (up to
1 mm) ligulae of the ray flowers. I. germanica can be distinguished from /1.
salicina by the shorter ligulae, equal to or slightly exeding the involucrum, and
by forming many flower heads (capitulae) usually, while /. salicina is charac-
terized by ligulae clearly longer than the involucrum, and by the smaller number
of the flower head (one to few). Therefore, the comparison of their chemical con-
tent could bring additional insights into their relationships.

EXPERIMENTAL
General

Column chromatography was carried out on Silica gel 60 (230—400 mesh, Merck). Thin-
-layer chromatography (TLC) on silica gel 60 F,s, plates (Merck) was used for monitoring the
separation of the extracts and for preparative TLC. The spots were visualised by spraying with
concentrated H,SO, followed by heating at 120 °C. IR spectra were obtained on a Shimadzu
FTIR IR Spirit spectrometer with ATR. The 1D and 2D NMR ('H- and '*C-NMR, COSY,
HSQC and HMBC, NOESY) spectra were recorded on a Bruker Avance II+ 600 NMR spec-
trometer, with the operating frequency 600 MHz (*H) and 150 MHz (13C), using the residual
solvent signal (6 7.26 in 'H- and 77.00 ppm in 3C-NMR for CDCls) as a reference.

Plant material

Plant material was collected in full flowering stage from native populations in Bulgaria
during 2017. The aerial parts were air-dried and kept in a dark and cool place until extraction.
Inula germanica L. (GPS 42°0'27.94"N 23°37'47.72"E, SOM176698) aerial parts were col-
lected from Rila Mts, 1. ensifolia L. (41°29'30.34"N, 23°26'59.71"E, SOM176700) — from
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TERPENOIDS IN FOUR /nula SPECIES FROM BULGARIA 123 1

Chereshnitza village, Struma River Valley, /. salicina (41°53'18.76"N 23°22'13.18"E, SOM
176701) — from Rila Mts., and I conyza (Griess.) DC. (41°45'16.25"N 24°23'57.13"E,
SOM1387) — from Western Rhodopes Mts. Plant species were identified by Dr. Ina Aneva
(Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences). Voucher
specimens (SOM) have been deposited with the Herbarium of the Institute of Biodiversity and
Ecosystem Research, Bulgarian Academy of Sciences.

Extraction

Air-dried and powdered aerial parts (50 g) from 1. ensifolia (IE), I. salicina (IS), I. conyza
(IC) and I germanica (1G) were extracted with chloroform (3x500 mL) at room temperature to
give the corresponding chloroform extracts (1.4, 1.5, 1.6 and 2.1 g in total, respectively).

Fractionation of the chloroform extracts and isolation of individual compounds

A portion of the chloroform extract (0.5-1.0 g) was dissolved in CHCl; and subjected to
CC on silica gel, using n-hexane/ethyl acetate (EtOAc) mixtures with increasing polarity
(from 10:1 to 0:1). Fractions were monitored by TLC (silica gel, n-hexane/Et,O, 2:1) and
compared with standards f-amyrin palmitate, f-amyrin acetate, f-amyrin, faradiol-3-O-palmi-
tate and f-sitosterol. Fractions, containing triterpene acetates (R; 0.8—0.9) and free triterpene
alcohols (R; 0.5-0.6) were directly analysed using GC/MS, whereas fractions containing
triterpene fatty acid esters (Ry 0.9—1.0) and 16-hydroxy triterpene fatty acid esters (R¢ 0.6-0.8)
were subjected to alkaline hydrolysis.

CC of I ensifolia (IE) chloroform extract (1.0 g) afforded 8 fractions: IE-1 (triterpene
fatty acid esters, 335 mg), IE-2 (triterpene acetates, 50 mg), IE-3 (free triterpene alcohols, 230
mg), IE-4 (16 mg), IE-5 (16-hydorxy triterpene fatty acid esters, 110 mg), IE-6 (25 mg), IE-7
(50 mg) and IE-8 (98 mg). Prep. TLC (CHCI5/Et,0, 50:1) of IE-4 (16 mg) afforded manil-
adiol-O-palmitate (16, 1.7 mg). Prep. TLC (CHCI3/Et,O, 50:1) of IE-6 (25 mg) afforded
16f-hydroxylupeol 3-O-palmitate (17, 1.1 mg) and faradiol-3-O-palmitate (19, 1.5 mg). Prep.
TLC (n-hexane/Et,0, 1:1) of a portion of IE-7 (10 mg) afforded B-sitosterol (20, 3 mg).

CC of L salicina (IS) chloroform extract (0.5 g) afforded 7 fractions: IS-1 (triterpene fatty
acid esters, 202 mg), IS-2 (triterpene acetates, 21 mg), IS-3 (free triterpene alcohols, 45 mg), I1S-4
(16-hydorxy triterpene fatty acid esters, 12 mg), IS-5 (5.6 mg), IS-6 (54 mg) and IS-7 (149 mg).
Prep. TLC (CHCI4/Et,0, 50:1) of IS-5 (5.6 mg) afforded 16-hydroxylupeol-O-palmitate (17, 1.1
mg), arnidiol-O-palmitate (18, 1.3 mg) and faradiol-O-palmitate (19, 1.2 mg). Prep. TLC (n-
hexane/Et,0, 1:1) of a portion of IS-6 (10 mg) afforded B-sitosterol (20, 2.5 mg).

CC of I conyza (IC) chloroform extract (0.5 g) afforded 10 fractions: IC-1 (138 mg), IC-2
(8.5 mg) and IC-3 (21 mg) contained triterpene fatty acid esters, triterpene acetates and free
triterpene alcohols, respectively. Prep. TLC (n-hexane/Et,0, 5:1, x2) of IC-4 (21.3 mg) gave
10.2 mg of diterpene acid 21. Prep. TLC (n-hexane/Et,0, 5:1, x3) of IC-6 (11.8 mg) afforded
mixture of diterpene acids 22 and 23 (3.3 mg). Prep. TLC (n-hexane/Et,0, 5:1, x2) of IC-7
(20 mg) gave additional amount 22 and 23 (5.9 mg). Prep. TLC (n-hexane/Et,O, 1:1) of a
portion of IC-9 (15 mg) yielded S-sitosterol (20, 6.5 mg).

CC of I. germanica (IG) chloroform extract (1.0 g) afforded 11 fractions of which 1G-1
(265 mg) and 1G-2 (118 mg) contained triterpene fatty acid esters and triterpene acetates,
respectively. CC (CHCI5/Et,O, 50:1) of 1G-4 (58 mg) gave 16 (6.2 mg) and a mixture of
triterpenes 17—19 (16.8 mg). CC (CHCI5/Et,0, 50:1) of IG-5 (93 mg) afforded 18 (28 mg), 4.5
mg of 20 and a mixture of free triterpene alcohols (12.8 mg), which were further analyzed by
GC/MS. Prep. TLC (n-hexane/EtOAc, 3:1, x2) of IG-8 (30 mg) afforded grazielia acid (24,
1.1 mg), 8-(2-methylbutanoyloxy)-1(10),4,11(13)-germacratrien-6,12-olide-14-oic acid (25,
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1.0 mg), 14-hydroxy-8f-angeloyloxymelampolide (32, 0.8 mg), 2a-acetoxy-desacetyl-laure-
nobiolide (33, 1.8 mg), ovatifolin (27, 5.6 mg) and a mixture of germanin A and B (28 and 29,
4.4 mg). Prep. TLC (CHCly/acetone, 3:1, x2) of IG-9 (35 mg) afforded desacetylovatifolin
(26, 1.3 mg) and mixture of 2a,14-dihydroxy-8f-angeloyloxymelampolide and 2a,14-di-
hydroxy-84-[2-methylbutyryloxy]-melampolide (30 and 31, 12.2 mg).

Hydrolysis of fatty acid esters and methylation of free fatty acids

Hydrolysis of the fatty acid esters of the mixtures of triterpenes (each 10 mg) was per-
formed with 1 M KOH in MeOH (2 mL) at 50 °C for 12 h. After cooling, the reaction mixture
was diluted with water (5 mL) and extracted with Et,O (3 times, 5 mL each). The combined
Et,0 extracts were washed with water (5 mL), dried over anhydrous Na,SO,4 and concentrated
under vacuum. The free triterpene alcohols mixture was analysed with GC/MS.

The aqueous layer was further acidified with 1 M HCI and re-extracted with Et,O (3 times,
5 mL each). The combined Et,O extracts were washed with water (5 mL), dried over anhydrous
Na,SO, and concentrated under vacuum to give free fatty acid fraction. The latter was further
methylated with methanolic 1 % H,SO4 (2 mL) at 50 °C for 2 h. After cooling, 5 % aq. NaCl
(5 mL) were added to the reaction mixture and extracted with n-hexane (3 times, 5 mL each).
The combined n-hexane extracts were washed with water, dried over anhydrous Na,SO,4 and
concentrated under vacuum. The resulting methyl esters of fatty acids were analysed by GC/MS.

Gas chromatography/mass spectrometry

Analyses were carried out with an Agilent 7890B (Agilent, USA) gas chromatograph
equipped with a flame ionization detector (FID) and mass selective detector (MSD) Agilent
5977A. A HP-5MS capillary column (5 %-phenyl)-methylpolysiloxane, 30 mx0.25 mm; 0.25
um film thickness, Agilent) was used with Helium as carrier gas at a flow rate of 1.7 mL/min.
The GC oven temperature gradient started at 60 °C, followed by a ramp of 5 °C/min to 300
°C, and then held for 20 min. The samples were analysed with a split ratio of 5:1 and injection
volume of 1 pL. The injector temperature was 280 °C. The temperatures of the MSD and the
source were 150 and 230 °C, respectively. Mass spectra were taken at 70 eV and the mass
range was from m/z 45 to 800. The identification of triterpene alcohols, triterpene acetates and
fatty acid methyl esters was based on comparison of their EI-mass spectra with the NIST14
and home-made databases.

Statistical analysis

Principal component analysis (PCA) was performed using the PAST 4.0 software to

determine the chemical variation and relationship between the species.

RESULTS AND DISCUSSION

The chloroform extracts obtained by extraction of the aerial parts of /. ger-
manica L. (1G), I ensifolia L. (IE), I. conyza (Griess.) DC. (IC) and I salicina L.
(IS) were submitted to a column chromatography using n-hexane/EtOAc mixtures
with increasing polarity. A preliminary study of the non-polar fractions by TLC
revealed the presence of triterpene compounds — alcohols and their esters (acetates
and long-chain aliphatic esters). The fractions containing fatty acid esters were
hydrolysed in an alkaline medium. GC/MS analysis of the obtained triterpene
alcohols and fatty acid methyl esters, as well as of the fractions containing free
triterpene alcohols and their acetates, led to the identification of 19 triterpenoids of
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TERPENOIDS IN FOUR /nula SPECIES FROM BULGARIA 123 3

p- and a-amyrin, lupeol, taraxasterol and w-taraxasterol type (Table S-I of the
Supplementary material to this paper and Fig. 1). Thus, - and a-amyrin (1 and 2)
were characterized by a base peak at m/z 218, but differed in the relative intensities
of the peaks at m/z 189 and 203: f-amyrin (1) had m/z 203 peak around twice the
intensity of the m/z 189 peak, while a-amyrin (2) spectrum showed both peaks with
similar intensities.!3 The mass spectrum of lupeol (3) exhibited a base peak at m/z
189, which is characteristic for the fragmentation of triterpenoids with a lupane
skeleton bearing a hydroxyl group in position 3. Other abundant fragment ions
were at m/z 203 and 207. The first can be related to the retention of an additional
methylene group from the C ring with respect to the fragment ion at m/z 189, and
the second represents the fragment obtained from the fragmentation of the C ring
before the dehydration reaction led to the formation of the ion at m/z 189.

1R=HR=H 2R=H
3Ry=HRy=H

6 R= COCHj3 Ry=H 7 R= COCHs 8 R1=coéH Rp=H

11 R=CO(CH)14CH3 Ry=H 12 R=CO(CHj)14CH3 ! 372

13 Ry=CO(CH2)14CH3 R=H

16 R=CO(CH3)14CH3 R4=OH
(CH2)14CH3 Ry 17 R4=CO(CH3)14CH3 Ro= OH

20

4R=H Rx=H 5R=H Ry=H

9 Ry=COCH3 Ry=H 10 Ry=COCHj3 Rp= H

14 R1=CO(CH2)14CH3 Rp= H 15 Ry=CO(CHy)14CH3 Ry=H
18 R=CO(CHy)14CH3 R;= OH 19 R4=CO(CHjy)14CH3 Ry= OH

Fig. 1. Triterpenoids and sterols in /nula species.

The mass spectra of taraxasterol (4) and y-taraxasterol (5) revealed very int-
ense ions at m/z 207 (80 and 85 %, respectively) and 189 (100 %), whose form-
ation can be assumed by the cleavage of ring C, with a transfer of a hydrogen atom,
followed by the loss of water.13 The intensity of ions at m/z 218 and 203 was
significantly lower than in f- and a-amyrin. The acetates 6—10 exhibited a mole-
cular ion at m/z 468, an ion at m/z 408 corresponding to the loss of AcOH [M-60]"
and the characteristic ions for the corresponding triterpene skeleton types. The
structures of 16-hydroxy derivatives 16-19 were additionally confirmed by
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NMR 415 after their isolation and purification by prep. TLC. S-Sitosterol (20) was
also detected in all studied extracts by TLC comparison with authentic standard
and confirmed by GC/MS of the fractions containing this compound.

The obtained results showed both similarity and difference in the studied
samples (Table II).

TABLE II. Distribution of triterpenoids in /nula species

Triterpenoid IS 1G IC 1E
Alcohols
p-Amyrin (1) + + + +
o-Amyrin (2) + + + +
Lupeol (3) +
Taraxasterol (4) + + + +
w-Taraxasterol (5) + + + +
Acetates

p-Amyrin acetate (6) + + + +
o-Amyrin acetate (7) + +

Lupeol acetate (8) + + +
Taraxasterol acetate (9) + + + +
w-Taraxasteol acetate (10) + + + +

Palmitates

p-Amyrin palmitate(11) + + + +
o-Amyrin palmitate (12) + + +
Lupeol palmitate (13) +
Taraxasterol palmitate (14) + + + +
w-Taraxasterol palmitate (15) + + + +
Maniladiol palmitate (16) + +
16p-Hydroxylupeol-3-O-palmitate (17) + + +
Arnidiol palmitate (18) + + +
Faradiol palmitate (19) + + +

As can be seen, /. conyza was the only sample, which did not contain
16-hydroxy derivatives. All identified compounds are described for the first time
in the here presented study of species. Fatty acid esters of triterpene alcohols
have been previously found in 1. britannica,'9-16 I oculus-christi3 and 1. bif-
rons.'2 The literature data on triterpene compounds in /nula species are scarce
and so far, there are few reports of triterpene alcohols and their esters in /. japo-
nica, 1. helenium and I. cappa only.# Triterpenoids of - and a-amyrin, lupeol,
taraxasterol and y-taraxasterol type are frequently found in many genera of Ast-
eraceae family such as Achillea, Chrysanthemum, Jurinea, Calendula, Tarax-
acum, etc.14:15:17-19 and therefore, could not be used as chemotaxonomic markers.

From the chloroform extract of I conyza were isolated 3 compounds with
very similar NMR spectral characteristics, indicating that they were diterpenoids
with ent-kaurane skeleton and identified as ent-kaur-16-en-19-oic acid (21),20
ent-150-(3-methylpentanoyloxy)-kaur-16-en-19-oic acid (22)12 and ent-15a-(3-
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TERPENOIDS IN FOUR /nula SPECIES FROM BULGARIA 123 5

-methylbutanoyloxy)-kaur-16-en-19-oic acid (23),2! Fig. 2. The diterpene acids
22 and 23 have been recently found in /. bifions!? of Bulgarian origin, while ent-
-kaur-16-en-19-oic acid (21) is reporting for the first time in /nula species.

: H
COOH
21R=H
22 R = OCOCH,CH(CH;)CH,CHs

23 R = OCOCH(CH;3)CH,CHs Fig. 2. Diterpene acids in /. conyza.

The literature survey showed only four reports on the content of diterpenoids
in five species of genus Inula — I. nervosa, I. cappa, 1. japonica, I. britannica and
I bifrons.12.22-24 With the exception of I. nervosa and I. cappa, all other species
contained diterpenoids with ent-kaurene skeleton, but differing in the nature and
position of the substituents. According to the taxonomic classification of Ander-
berg,2 I conyza, I. bifrons, I. britannica and I. japonica belong to the section
Enula, while I. nervosa and I. cappa are representatives of the section Duhaldea.
Therefore, the presence of ent-kaurene diterpenoids in the section Enula could be
of chemotaxonomic importance. Further investigations are needed to confirm this
suggestion.

The preliminary study of the chloroform extracts of /. germanica, 1. ensifolia,
1 conyza and I. salicina by IR spectroscopy have shown the presence of sesqui-
terpene lactones in /. germanica only (characteristic absorption band at 1750—1765
cm1). Further separation of this extract by CC led to isolation of 10 closely related
compounds with cyclodecadiene carbon skeleton and frans-a-methylene-y-lactone
ring at C-6 (24-32) or C-8 (33), Fig. 3. The lactones were isomers differing in the
configuration of the double bonds: germacranolides with trans-Al-10 and trans-A*5
(24-27 and 33) and melampolides with cis-Al-10 and trans-A%5 (28-32) as well as
in the nature of the substituents at C-2, C-8 and C-14.

AcOy,,

© 33
24 R=COOH  R,=Ang 28 R=COOH R;=Ang  R,y=H
25 R=COOH  R,=2MeBu 29 R=COOH R;=2MeBu R,=H
26 R=CH,OH R;=H 30 R=CH,0H R;=Ang R,=OH
27 R=CH,0Ac R;=H 31 R=CH,0H R,=2MeBu R,= OH

32 R=CH,OH R;=Ang R,=H

Fig. 3. Sesquiterpene lactones from 1. germanica.
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The comparison of their spectral data with the literature data allowed the
identification of grazielia acid (24),25 8-(2-methylbutanoyloxy)-1(10),4,11(13)-
-germacrutrien-6,12-olide-14-oic acid (25),2¢ desacetylovatifolin (26),27 ovati-
folin (27),28 germanin A (28),2° germanin B (29),30 2¢,14-dihydroxy-8f-angel-
oyloxymelampolide (30),31 2a,14-dihydroxy-84-[2-methylbutyryloxy]-melam-
polide (31),3! 14-hydroxy-8f-angeloyloxymelampolide (32)3! and 2a-acetoxy-
-desacetyllaurenobiolide (33).3! To the best of our knowledge, there are two
reports on the content of sesquiterpenoids in /. germanica only. Germanin A and
B (28 and 29) were isolated from I germanica of Russian origin,2® while
lactones 27, 30—33 were found in the sample cultivated in the Botanical garden of
Berlin.3! It is worth to mention that the lactones 24-26 are described now for the
first time in /nula species.

In this study, no sesquiterpene lactones were detected in /. conyza, 1. salicina
and /. ensifolia. These results did not correlate with a previous investigation of /.
salicina,3? which reported the presence of alantolactone and isoalantolactone in
this plant. Probably, the studied taxon is a new chemotype.

The obtained up to now data for the content of terpenoids in 8 Inula
species growing in Bulgaria (I. oculus-christi,39 I. britannica,'° I. aschersoni-
ana,\! I bifrons,'2 I. germanica, I. conyza, I. salicina and I. ensifolia) were ana-
lysed by the principal component aanalysis (PCA) to demonstrate their relation-
ship. PCA performed on the different skeletal types of sesquiterpene lactones, di-
and triterpenoids showed that the first two principal components accounted 80.74
% of the total variations (Fig. 4). Considering the contributions to the variances,
PC 1 (61.02 % of the total variations) accounted for the positive contributions of
germacranolides (GeSL), melampolides (MeSL) and triterpenoids with oleane
(OleT), ursane (UrsT), taraxane (TarT) and w-taraxane (psi-TarT) carbon skele-
ton and negative contributions of sesquiterpene lactones with guaiane (GuSL)
and eudesmane (EuSL) framework. The second component PC 2 (19.72 % of the
total variations) was positively related to all types of sesquiterpene lactones
(GeSL, MeSL, EuSL, GuSL, PsGuSL and SeGuSL), and negatively related to
diterpenoids (DiT) and also all skeletal types of triterpenoids (OleT, UrsT, LupT,
TarT and psi-TarT).

As depicted from the biplot (Fig. 4), the samples could be grouped as follows:
1. germanica and I ascherosniana constituted the first group (A), which was
characterized by the presence of germacranolides. The other skeletal types of
sesquiterpene lactones, namely melampolides in /. germanica and seco-guaiano-
lides in 1. ascherosniana are probably responsible for their placement on different
sides of PC2. The second group (B) combined /. oculus-christi, I. britannica and I.
bifrons, which contained eudesmanolides, guaianolides and pseudoguaianolides.
The presence of diterpenoids places /. bifrons on the negative side of PC2. The
species included in the third group (C) I conyza, I. ensifolia and I. salicina were

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



TERPENOIDS IN FOUR /nula SPECIES FROM BULGARIA 123 7

characterized with the presence of triterpenoids and the lack of sesquiterpene lac-
tones and diterpenoids. It is worth to mention that the lactone ring was 12,8-fused
in all lactones found in . britannica, I. oculus-christi and 1. bifrons (group B),
while /. germanica and I. aschersoniana (group A) produced predominantly 12,6-
-olides. The obtained results did not correlate well with the classification of
Anderberg? based mainly on the morphological data. Thus, 1. germanica differed
from the species in /nula salicina group by the presence of sesquiterpene lactones.
These compounds were absent from the plant material of 1. salicina and I. ensifolia.
L conyza produced diterpenoids similarly to 1. bifrons!? from the same Inula dec-
urens group. The lack of sesquiterpene lactones places /. conyza closer to the repre-
sentatives of the /nula salicina group.

ooy

FuSL 12,8-olides MesL
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\ SeGuSl
P
o E&E% ‘ > apersoniana.
-64 8 KR / S A asg 45 60
b

PC2 (19.72%)

psi-TarT
14 LupT
ofit C

*L salicina

-2 . ° L engifolia
1. conyza

-4

PC1 (61.02%)

Fig. 4. Biplot (PCA) performed on the skeletal types of sesquiterpene lactones, di- and tri-
terpenoids in /nula species growing in Bulgaria; germacranolides (GeSL), eudesmanolides
(EuSL), guaianoilides (GuSL), pseudoguaianolides (PsGuSL), secoguaianolides (SeGuSL),
diterpenoids (DiT), triterpenoids with oleane (OleT), ursane (UrsT), lupane (LupT), taraxane
(TarT) and psi-taraxane (psi-TarT) skeleton.

CONCLUSION

The phytochemical studies of 1. germanica, 1. ensifolia, I. conyza and 1. sali-
cinai, growing in Bulgaria led to the identification of various classes of terpenoids:
sesquiterpene lactones, diterpenoids, and triterpenoids. The most significant differ-
ences were observed with respect to sesquiterpene lactones and diterpenoids. They
could serve as chemotaxonomic markers to clarify taxonomic problems in the
genus /nula, which has been based mainly on morphological features so far.
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SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/11011, or from the corres-
ponding author on request.
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U3BOJ
TEPIIEHOUU Y UETHUPH Inula BPCTE U3 BYTAPCKE

ANTOANETA TRENDAFILOVA', VICTORIA IVANOVA', MILKA TODOROVA', PLAMENA STALEVA'?
u INA ANEVA’®

"Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, 1113 Sofia,
Bulgaria, ZSofia Tech Park, Laboratory for Extraction of Natural Products and Synthesis of Bioactive
Compounds, 1784 Sofia, Bulgaria u *Institute of Biodiversity and Ecosystem Research, Bulgarian
Academy of Sciences, 1113 Sofia, Bulgaria

duTtoxemujcKa CTyauja XI10podOPMCKOT eKCTpakTa Han3eMHUX fenoBa Inula germanica
L., L. ensifolia L., I. conyza (Griess.) DC. u I. salicina L. nosena je no unentudukanuje 33
TEepIEeHOUAA. - U a-aMHUPHH, JIyIle0J1, TapaKkCaCTePOJ, yw-TapaKcacTepon U BbUxoBHu 3-0-aue-
TaTH U 3-O-manMuTaTu cy uneHtudukoBanu nomohy GC/MS. IMopen tora, NMR notsphyje
CTpyKType 3-O-nanmuraTa MavHananuosna, apHuguona, dapaguosna U 16-Xugpokcuiayneona.
enii-Kayp-16-eH-19-oMuHa KkucenuHa U ®BeHU 15a-(3-MeTunneHTaHOWNIOKCH) U 15a-(3-me-
TWIOYTaHOMUIOKCH) IEPUBATH MU30JI0BaHU cy U3 I. conyza. Y I. germanica je nmpoHaheHo pecet
OnMHCKO MOBe3aHMUX CECKBUTEPIIEHCKUX JaKTOHA (repMaKkpaHOJIWzia ¥ MEeJIaMIIONHa) U BhUX0Ba
CTPYKTYpHA HAeHTH(dUKALWja je U3BpIIEHA CIIEKTPATHUM aHanuzama. I. ensifolia w 1. salicina
cy Ouie be3 cecKBUTEPNEHCKHUX JIAKTOHA M JuTepneHouna. CBU TPUTEPIIEHOUM U JUTEpIIe-
HOWAHM, Trpa3ueNva KHUCEeIWHa, JecaleTWwioBaTUonuH U 8-(2-MeTUIOyTaHOUIOKCH)-
-1(10),4,11(13)-repmakpyTpueH-6,12-onun-14-onyHa KHUCEIHMHA Cy OPBU IMyT ONHCAHU Y
poyYaBaHOj BpcTe. AHanusa rnaBHUX KOMNOHeHTH (PCA) je xopuurheHa 3a NpOHaIaXeme
Be3e u3Mehy o caja UCTpakMBaHHUX BpcTa Inula koje pacty y byrapckoj.

(TTpumsseno 30. jyna, pesunupano 8. centembpa, mpuxsaheHo 1. HoBembpa 2021)
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