
NPC-CMAPSEEC Issue 
 

Volume 12. Issue 2. Pages 153-318. 2017 
ISSN 1934-578X (printed); ISSN 1555-9475 (online) 

www.naturalproduct.us 



 
 

 
 
 
 
 
 

 
 
 

INFORMATION FOR AUTHORS 
 
Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site 
http://www.naturalproduct.us. 
 
Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is 
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction, 
transmission or storage may result in either civil or criminal liability. 
 
The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by 
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third 
party; for purposes of advertising or promotion; or to create collective or derivative works.  Such permission requests, or other inquiries, should be addressed 
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single 
articles for internal study or research purposes.  
 
To Subscribe:  Natural Product Communications is a journal published monthly. 2017 subscription price: US$2,595 (Print, ISSN# 1934-578X); US$2,595 
(Web edition, ISSN# 1555-9475); US$2,995 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department, 
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual 
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue.  All issues are dispatched by airmail throughout 
the world, excluding the USA and Canada.  

NPC Natural Product Communications

 
EDITOR-IN-CHIEF         
 

DR. PAWAN K AGRAWAL           
Natural Product Inc.  
7963, Anderson Park Lane, 
Westerville, Ohio 43081, USA 
agrawal@naturalproduct.us 

 
EDITORS 
 

PROFESSOR ALEJANDRO F. BARRERO 
Department of Organic Chemistry, University of Granada, 
Campus de Fuente Nueva, s/n, 18071, Granada, Spain 
afbarre@ugr.es 
 

PROFESSOR MAURIZIO BRUNO 
Department STEBICEF,  
University of Palermo, Viale delle Scienze,  
Parco d’Orleans II - 90128 Palermo, Italy 
maurizio.bruno@unipa.it  
 

PROFESSOR VLADIMIR I. KALININ 
G.B. Elyakov Pacific Institute of Bioorganic Chemistry,  
Far Eastern Branch, Russian Academy of Sciences, 
Pr. 100-letya Vladivostoka 159, 690022,  
Vladivostok, Russian Federation 
kalininv@piboc.dvo.ru 
 

PROFESSOR YOSHIHIRO MIMAKI 
School of Pharmacy, 
Tokyo University of Pharmacy and Life Sciences, 
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan 
mimakiy@ps.toyaku.ac.jp 
 

PROFESSOR STEPHEN G. PYNE 
Department of Chemistry, University of Wollongong, 
Wollongong, New South Wales, 2522, Australia 
spyne@uow.edu.au 
 

PROFESSOR MANFRED G. REINECKE 
Department of Chemistry, Texas Christian University, 
Forts Worth, TX 76129, USA 
m.reinecke@tcu.edu 
 

PROFESSOR WILLIAM N. SETZER 
Department of Chemistry, The University of Alabama in Huntsville, 
Huntsville, AL 35809, USA 
wsetzer@chemistry.uah.edu 
 

PROFESSOR PING-JYUN SUNG 
National Museum of Marine Biology and Aquarium 
Checheng, Pingtung 944 
Taiwan 
pjsung@nmmba.gov.tw 
 

PROFESSOR YASUHIRO TEZUKA 
Faculty of Pharmaceutical Sciences, Hokuriku University,  
Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan  
y-tezuka@hokuriku-u.ac.jp 
 

PROFESSOR DAVID E. THURSTON  
Institute of Pharmaceutical Science  
Faculty of Life Sciences & Medicine  
King’s College London, Britannia House 
7 Trinity Street, London  SE1 1DB, UK  
david.thurston@kcl.ac.uk 

ADVISORY BOARD 
 

Prof. Giovanni Appendino 
Novara, Italy 
 

Prof. Norbert Arnold 
Halle, Germany 
 
 

Prof. Yoshinori Asakawa 
Tokushima, Japan 
 

Prof. Vassaya Bankova 
Sofia, Bulgaria 

 

Prof. Roberto G. S. Berlinck 
São Carlos, Brazil 
 

Prof. Anna R. Bilia 
Florence, Italy 
 

Prof. Geoffrey Cordell  
Chicago, IL, USA 
 

Prof. Fatih Demirci 
Eskişehir, Turkey 
 

Prof. Francesco Epifano 
Chieti Scalo, Italy 
 

Prof. Ana Cristina Figueiredo 
Lisbon, Portugal 
 

Prof. Cristina Gracia-Viguera 
Murcia, Spain 
 

Dr. Christopher Gray 
Saint John, NB, Canada 
 

Prof. Dominique Guillaume 
Reims, France 
 

Prof. Duvvuru Gunasekar 
Tirupati, India 
 

Prof. Hisahiro Hagiwara 
Niigata, Japan 
 

Prof. Judith Hohmann 
Szeged, Hungary 
 

Prof. Tsukasa Iwashina 
Tsukuba, Japan 
 

Prof. Leopold Jirovetz 
Vienna, Austria 
 

Prof. Phan Van Kiem 
Hanoi, Vietnam 
 
 

  
 

 

Prof. Niel A. Koorbanally 
Durban, South Africa 
 

Prof. Chiaki Kuroda 
Tokyo, Japan 

 

Prof. Hartmut Laatsch 
Gottingen, Germany 
 

Prof. Marie Lacaille-Dubois  
Dijon, France 
 

Prof. Shoei-Sheng Lee  
Taipei, Taiwan  
 

Prof. M. Soledade C. Pedras 
Saskatoon, Canada 
 

Prof. Luc Pieters  
Antwerp, Belgium 
 

Prof. Peter Proksch  
Düsseldorf, Germany 
 

Prof. Phila Raharivelomanana 
Tahiti, French Polynesia 
 

Prof. Stefano Serra  
Milano, Italy 
 

Dr. Bikram Singh 
Palampur, India 
 

Prof. Leandros A. Skaltsounis 
Zografou, Greece 
 

Prof. John L. Sorensen 
Manitoba, Canada 
 

Prof. Johannes van Staden 
Scottsville, South Africa 
 

Prof. Valentin Stonik  
Vladivostok, Russia 
 

Prof. Winston F. Tinto 
Barbados, West Indies  
 

Prof. Sylvia Urban 
Melbourne, Australia 
 

Prof. Karen Valant-Vetschera 
Vienna, Austria 
 

 

HONORARY EDITOR 
 

PROFESSOR GERALD  BLUNDEN 
The School of Pharmacy & Biomedical Sciences, 

University of Portsmouth, 
Portsmouth, PO1 2DT U.K. 

axuf64@dsl.pipex.com 



 
 

Phytochemical Profile of Inula britannica from Bulgaria 
 
Victoria Ivanovaa, Antoaneta Trendafilovaa,*, Milka Todorovaa,*, Kalina Danovaa and Dimitar Dimitrovb 

 
aInstitute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences,  
Acad. G.Bonchev str., bl.9, 1113 Sofia, Bulgaria 
 

bNational Museum of Natural History, Bulgarian Academy of Sciences, 1, Tsar Osvoboditel Blvd., 1000 Sofia, 
Bulgaria 
 
trendaf@orgchm.bas.bg; todorova@orgchm.bas.bg  
 
 

Received: June 2nd, 2016; Accepted: July 29th, 2016 
 

 
 
The flower heads of Inula britannica L. of Bulgarian origin afforded sesquiterpene lactones (gaillardin, britannin, 11,13-dihydroinuchinenolide B, ivalin, 
pulchellin C), triterpenoids (3-O-palmitates of 16β-hydroxylupeol, 16β-hydroxy-β-amyrin, and faradiol) and flavonoids (quercetin, luteolin, luteolin-7-O-
glucoside). All compounds are known and they were identified by spectral methods. The observed differences in the chemical content of the chloroform and 
methanol extracts were also reflected in their free radical scavenging activity, evaluated by DPPH and ABTS assays. Intraspecific variability of I. britannica is 
discussed. 
 
Keywords:  Inula britannica, Asteraceae, Sesquiterpene lactones, Triterpenoids, Flavonoids, DPPH and ABTS assays. 
 
 
 
The genus Inula (Asteraceae) consists of approximately 100 
species, distributed mainly in Asia and Europe. Many studies have 
been carried within the genus due to the significant structural 
diversity and biological activity of sesquiterpene lactones, 
diterpenes, triterpenes, and flavonoids, isolated from a number of 
Inula species [1,2]. I. britannica is used in Chinese folk medicine to 
treat digestive disorders, bronchitis and inflammation, bacterial and 
viral infections, as well as some tumors [2b]. That is why most of 
the studies are on I. britannica of Chinese origin. The application in 
traditional medicine requires extensive phytochemical study and 
pharmacological evaluations of this species. It should be noted that 
sesquiterpene lactones were the largest group. More than 40 
lactones of different skeletal types – germacranolides, 
eudesmanolides, guaianolides, secoeudesmanolides, seco-
guaianolides, and lactone dimers, have been described so far. To the 
best of our knowledge, from the European taxa only Russian [3] and 
Serbian [4] have been investigated up to now.  
 
In continuation of our studies on species of the Asteraceae family 
this work is a part of a phytochemical investigation of Bulgarian 
taxa from the genus Inula. The CHCl3 extract of the flowers of I. 
britannica was fractioned by column chromatography on silica gel. 
IR control allowed selection of the fractions (characteristic 
absorption band at 1770-1740 cm-1) for further determination of the 
lactone profile. Thus, the sesquiterpene lactones ivalin [5], britannin 
[3a,4], gaillardin [4,5a], 11,13-dihydroinuchinenolide B [4], and 
pulchellin C [3b,4] have been isolated and identified. All these 
compounds have been previously found in I. britannica of different 
origins. With exception of ivalin, the other compounds were 
reported for the Serbian taxon [4]. From the latter one, 1,10-seco-
eudesmanolides – 14-(3-methylpentanoyl)-6-deoxybritannilactone, 
14-(3-methylbuta-noyl)-6-deoxybritannilactone, and 14-(2-methyl-
propanoyl)-6-deoxybritannin, as well as 4H-tomentosin have been 
isolated. Varieties of lactones with secoeudesmane and secoguaiane 
skeletons have been reported before in the Asian populations of I. 
britannica [1,2]. It should be noted that no one of these substances 
was detected in the studied Bulgarian sample.  
 

It was found (IR control) that the less polar fractions did not contain 
sesquiterpene lactones, but the absorption band at 1720 cm-1 
showed the presence of compounds bearing ester groups. Further 
on, prep. TLC yielded the known triterpenoids 3-O-palmitates of 
16β-hydroxylupeol, 16β-hydroxy-β-amyrin, and faradiol. Only the 
first one has been found in a Turkish population of I. britannica so 
far [6a], while the other two compounds are isolated now for the 
first time from this species, but they have been detected earlier in 
Achillea alexandri-regis [6b] and Calendula officinalis [6c], 
respectively. β-Sitosterol and β-amyrin were also detected. More or 
less, different triterpenoids have been isolated from the genus Inula, 
but esters of long-chain fatty acids have been detected only in one 
Turkish population of I. britannica [6a]. It should be noted that the 
literature data for triterpenoids in Inula species are insufficient for 
discussion of their chemotaxonomic significance.  
 
Besides the described above compounds, 3 flavonoids and 1,5-
dicafeloylquinic acid were isolated from the MeOH extract. 
Luteolin, luteolin-7-O-glucoside and quercetin are known for I. 
britannica, while 1,5-dicafeloylquinic acid was detected in I. 
viscosa [2]. Being very common plant components and usually in 
high concentrations, at this point of the investigation, these 
compounds were not regarded as compounds of chemotaxonomic 
interest. 
 
Further, TLC comparison of extracts from flowers and leaves 
showed that both plant organs accumulated the same sesquiterpene 
lactones. Regarding phenolic components, it was found that 
luteolin, luteolin-7-O-glucoside, and 1,5-dicafeloylquinic acid were 
present in both leaves and flowers, while quercetin was detected 
only in flowers. Finally, the observed differences in the chemical 
composition of the chloroform and methanol extracts were also 
reflected in their free radical scavenging activity, evaluated by 
DPPH and ABTS assays (Table 1). As can be seen, both methanol 
extracts (from flowers and leaves) possessed the highest antioxidant 
activity and maximal total phenolic and flavonoid contents. A good 
correlation between antiradical activity in the studied extracts and 
their total phenolic content was also observed (R² = 0.9954 and R² = 
0.9910 for ABTS and DPPH, respectively). 
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Table 1: Total phenolic (TPC) and flavonoid (FC) contents in different I. britannica 
extracts and their radical scavenging activity. 

Plant 
parts 

Extract TPC 
[mgGA/gDM] 

FC 
[mgC/gDM] 

ABTS 
[μMT/gDM] 

DPPH 
[μMT/gDM] 

Leaves CHCl3 0.4±0.02 0.3±0.02 1.6±0.1 0.7±0.1a

Flowers CHCl3 0.1±0.02 0.1±0.02 1.1±0.1 0.7±0.02a

Leaves MeOH 2.3±0.1 0.6±0.01 15.5±0.2 13.7±0.7 
Flowers MeOH 7.9±0.4 0.9±0.02 44.4±0.4 37.6±0.6 

aValues with the same letter are not significantly different, p ≤ 0.05. Standard deviations were 
calculated on the base of three samples. 

 
Diversity of lactones found in the so far studied taxa of I. britannica 
of Asian and European origin revealed significant intraspecific 
variability. Nevertheless, on the basis of the skeleton type of 
lactones it could be suggested that secoeudesmanolides and 
secoguaianolides characterized the Asian populations. On the other 
hand, Bulgarian and Russian (European) populations are free of 
these types of lactones. Further, secoeudesmanolides and one 
secoguaianolide have been isolated from a Serbian taxon, but 
bicyclic lactones are principal components. So, the existence of 
secoeudesmanolides and secoguaianolides in the European I. 
britannica cannot be ruled out. Thus, the domination of 
guaianolides and eudesmanolides or their seco-derivatives 
characterize European and Asian taxa, respectively. Further 
phytochemical investigation on I. britannica will clarify the lactone 
profile of European populations. 
 
Experimental 
 

Plant material: I. britannica was collected from a natural locality in 
the Southern Balkan Region in Bulgaria. A voucher specimen 
(SOM 172474) was deposited in the Herbarium of the Institute of 
Biodiversity and Ecosystem Research, Bulg. Acad. Sci. 
 
Extraction and isolation: A portion (1 g) of air-dried flower heads 
and leaves of I. britannica were extracted with CHCl3 and MeOH. 
The corresponding crude extracts were compared by TLC (Silica 
gel 60 and RP-18, F254 (Merck), CHCl3-diethyl ether, 50:1; CHCl3-
acetone, 10:1 and 1:1; MeOH-H2O, 1:1) and used for determination 
of the total phenolics, flavonoids and antioxidant capacity. Further, 
the CHCl3 and MeOH extracts from flower heads (30 g) of the plant 
were worked up for isolation of the individual compounds. The 
CHCl3 extract (1.5 g) was fractionated by column chromatography 
(CC) on silica gel using CHCl3-acetone mixtures with increasing 

polarity to give 11 fractions (F1-F11). Further separation by CC and 
prep. TLC (silica gel, n-hexane-diethyl ether, 5:1) of Fr. F2 (50mg) 
afforded 3-O-palmitates of 16β-hydroxylupeol (5.7 mg), 16β-
hydroxy-β-amyrin (5.3 mg), and faradiol (5.0 mg). The presence of 
β-amyrin and β-sitosterol was proved by TLC of F3 (silica gel, n-
hexane-diethyl ether, 1:1) using these compounds as standards. 
Prep. TLC (silica gel, CHCl3-acetone, 5:1) of F7 (47 mg) afforded 
ivalin (7 mg) and britannin (14 mg). Gaillardin (33 mg) and 
pulchellin C (18 mg) were obtained from F9 (65 mg) and F11 (92 
mg), resp. after recrystallization (CHCl3). Prep. TLC (silica gel, 
CHCl3-acetone, 5:1) of F10 (18 mg) yielded 11,13-
dihydroinuchinenolide B (7 mg). The MeOH extract (0.5 g) was 
separated into 2 fractions F-1 and F-2 by CC (Sephadex LH-20, 
MeOH). Prep. TLC (silica gel RP-18, MeOH-H2O, 1:1) of F-2 (50 
mg) yielded luteolin (9 mg), quercetin (1.8 mg), luteolin-7-O-
glucoside (2.0 mg), and 1,5-dicafeloylquinic acid (6.4 mg). All 
isolated compounds were proved by comparison of their 1H NMR 
spectral data with those in the literature. 
 
Determination of the content of total phenolic compounds (TPC) 
and total flavonoids (FC): TPC and FC were determined by 
procedures described in ref. [7a,b] and expressed as mg gallic acid 
equivalents per g dry plant material [mgGA/gDM] and mg (+)-
catechin equivalents per g dry plant material [mgC/gDM], 
respectively. 
 
DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity 
and ABTS [2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic 
acid)] assays: The DPPH and ABTS assays were performed 
according to the procedures described by Thaipong et al. [7c] and 
the antioxidant activity was expressed as μM Trolox equivalents per 
g dry plant material [μMT/gDM]. 
 
Statistical analysis: Correlation coefficients (R2) for determination 
of the relationship between the radical scavenging activity and the 
TPC and FC were calculated using MS Excel software. 
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