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LYCHNOPHORINAE (ASTERACEAE): A SURVEY OF ITS CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITIES.
This work reviews the current literature about the chemical constituents and the biological activities of the subtribe Lychnophorinae

(Vernonieae, Asteraceae). The notable secondary metabolites are sesquiterpene lactones of furanoheliangolide (goyazensolide and

eremantholide types) and flavonoids. Some of its most investigated activities include its anti-inflammatory, analgesic, antimicrobial

and cytotoxic activities, specially for the Lychnophora and Eremanthus species. The data presented on this paper not only displayed
the role played by the Lychnophorinae species as a source of bioactive compounds, but also reinforced the need of further studies

involving the species of such subtribe.
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INTRODUCTION

The subtribe Lychnophorinae belongs to the tribe Vernonieae
of Asteraceae (Compositae). Most of its genera is found on the
Brazilian’s rupestrian vegetation (Table 1), which is present on the
top of mountain chains on the Central and Southeastern regions of
Brazil, especially in Minas Gerais, Bahia and Goids, all presenting
many species' with a high degree of endemism.

Due to the taxonomic complexity of the Lychnophorinae, the ge-
nera of this subtribe have received considerable attention and several
previous classification had to be changed.** In the most recent literatu-
re review of Lychnophorinae, Robinson® considered the following ten
genera: Anteremanthus H. Robinson, Chronopappus DC, Eremanthus
Less. (syn. Sphaerophora Schultz-Bip = Paralychnophora MacLeish),
Vanillosmopsis Schultz-Bip, Lychnophora Mart. (syn. Haplostephium
Mart.), Lychnophoriopsis Schultz-Bip. (syn Episcothamnus H. Ro-
binson), Minasia H. Robinson, Piptolepis Schultz-Bip, Pithecoseris
Mart., and Proteopsis Mart & Zucc. ex Schultz-Bip.

The terpenoid chemistry of this subtribe is mainly formed by
furanoheliangolide sesquiterpene lactones (STL).* The biological
activities of these compounds were extensively investigated in the
literature. Some species of the subtribe Lychnophorinae have also
been employed in Brazilian traditional medicine. For example, the
Lychnophora species, popularly known as “arnica da serra” or “falsa
arnica” are used as analgesic and anti-inflammatory agents.” Some
species also have an economic importance, such as Eremanthus
erythropappa, popularly known as “candeia” in Portuguese, whose
essential oil is rich in o-bisabolol and it is used in several cosmetic
preparations.®

Based on the economical and social importance of the subtribe
Lychnophorinae, the goal of this work is to present a current litera-
ture review on the secondary metabolites and biological activities of
the species of such subtribe in order to provide a basis for several

*e-mail: npelopes @fcfrp.usp.br
“This paper is dedicated to Prof. Hans Viertler

different research areas such as botanic, pharmaceutical, medical
and chemical fields.

SECONDARY METABOLITES OF LYCHNOPHORINAE

The chemical composition of Eremanthus and Lychnophora, the
two most numerous genera of Lychnophorinae have been extensively
investigated, as clearly seen by the number of papers dealing with
this matter. On the other hand, some genera of this subtribe (i.e.,
Anteremanthus, Chronopappus and Pithecoseris) have not been
submitted to phytochemical studies yet. Previous studies have been
mostly focused on the investigation of extracts from the aerial parts
or leaves of this subtribe, although a number of studies on roots have
also been reported.”'® The secondary metabolites mentioned earlier
were usually identified and/or isolated from extracts obtained by ma-
ceration with non-polar (n-hexane or petroleum ether) or moderately
polar solvents (i.e., dichloromethane, chloroform, and ethyl acetate).
Nevertheless, more recent studies have focused on the chemical com-
position of alcoholic and hydroalcoholic extracts.!>!718 Alternative
extraction methods, such as glandular trichomes microsampling' and
sonication-assisted extraction® have also been investigated.

Figure 1 shows the main groups of secondary metabolites that
have been described for the Lychnophorinae species, and theirs struc-
tures are shown in Figures 5-21. Terpenoids (70.2%) and flavonoids
(16.9%) are the notable secondary metabolites of Lychnophorinae,
although acetylene derivatives (2.6%), quinic acid derivatives
(5.0%), benzoic acid derivatives (0.4%), phenylpropanoids (1.4%),
and lignans (1.2%) have also been reported. It must be mentioned
that the lack of data on the chemical composition of polar fractions
and hydroalcoholic and aqueous extracts have direct influence on
the number of occurrences of such metabolite groups in literature.

Among the terpenoids, there is a predominance of sesquiter-
penes (65.8%), which are reported to be present in each species of
the subtribe, as shown in Figure 2. Triterpenes (26.9%), steroids
(2.9%), saponins (0.3%) and monoterpenes (3.7%) have also been
noted, whereas diterpenes (0.2%) were found only in Lychnophora
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Table 1. Chemical constituents isolated and/or identified from species of the subtribe Lychnophorinae*

Quim. Nova

Species Chemical constituents Ref.
Eremanthus arboreus (Gardner) MacLeish 19w-EO 5w-EO  97w-EOM-Hex " 9 Qw-Hex = 37W-EO - 3QW-EO - g(W-EO | 75W-EO | 77w-EO = Q(OW-EO ] D Gup-EOAC 46
[= Vanillosmopsis arborea (Gardner) Baker] 1274-EtOAc ] 377ap-Ei0Ac D 35W-EQ D 3GW-EOH 9 377w-EOH ") 6 Gap-ElOAC

E. argenteus McLeish & H. Schumacher 94ils-CHCL | 9ils-CHCI, ] 3 5ils-CHCI, ] 36ls-CHCL, 97 ils-CHCL, 90 [ils-CHCL, 9 ils-CHCI 47

E. bicolor (DC.) Baker 83 wPE | 8RWPE [ (2P 104w PE 116%FE, 1193PE [ 2]3PE [39w-PE " [ 4] PE 146%PE 147PE 8
179r—PE’ 184"”3, 185r—PE, 186FPE, 202ap—PE, 203r—PE/ﬂp—PE, 225r—PE, 229r7PE’ 23("PE , 231PE

E. brasiliensis (Gardner) MacLeish [=Vanil-  34%FE, 69w-FE 84w-FE ] [3w-PE [79%-PE D] ap-PE 2(02a0-PE D()3ap-PE D3 ()2p-PE D3] 2p-PE D RGap-PE 16

losmopsis brasiliensis (Gardner) Sch. Bip.]

E. cinctus Baker 19QFCHCL, | D()3is-CHCL, 2| iCHCL, 2 QisCHCL, 97 [i-CHCl, | D7 4is-CHCL, 9 6es-CHCL, D341 MeOH ) 57i-MeOH 48
2726S—M30H 3 1 91—MeOH/i—MeOH

E. crotonoides (DC.) Sch. Bip. 34a0PE A5a-PE | 5Dap-PE - GQap-PE | R3up-PE - QGap-PE RQup-PE Qap-PE [ (04ap-PE | 15 PE | ] 6P, ] 19w-PE, 49
121%PE 135%-PE D((P-PE 202:-PE 2(03-PE 2] 59-PE 2] 6-PE

E. elaeagnus (Mart. ex. DC.) Sch. Bip. 271-MeOH = @ 31-MeOH = R 4I-MeOH | 1 () ] -MeOH © ] ()2 -MeOH | ] ()!-MeOH ] ()71-MeOH ] ] (1-MeOH/s-MeOH:H O 24, 50-52
1 19|7M30H/<—M80H:H20 125]—M80H/57MEOH:H20 141 1-MeOH 149]—ElOAc/1—MeOH ISOIVE[OAC 15 1 I-EtOAc 152|7E[0Ac
179¥Hex/apDCM | 1QQSPE D()25PE D()35PE | 2] 5HMeOH DD ()MeOH, DD 3IMEOH  DDAIMEOH, DDGPE D)5 PE,
256]—M60H 262|7E10Ac 268S—MEOH:H10 2695'MEOH:H20 2741—M50H’ 282 l—MeOH’ 283S—MeOH:HzO 29]|—E10AC

E. erythropappus (DC) MaCLeiSh ll—EO’ 21—EO’ 31—E0’ 5]—EO’ 7 ]—EO, SlrEU 9]—E0, 13]—EO’ 141—E0 15]—EO’ 19]—EO, 20]—EO’ 27W—EIOAC’ 34I—EU’ 35]—EO’ 53’ 54

[Vanillosmopsis erythropappa (DC.) Sch. Bip.] 360, 37E0 381-E0 421EO 4 SHEO | 5OIE0 " SRIEO | GQIEO 7 HEO | 73IEC 7 QIEO TQIEO " @ 3ap-Hex/w-EiOAc
84W—E(OAC’ 91w—E\UAC’ 95w'ElOH’ 136WVEIOH, 139\)\"EIOH’ 143W—E!OH’ 147W—EtOAC’ 173W—E(UH, 174WVEIOH’
175W—EIOH’ 176»\’—E!OH’ 177W—E10H’ 178er|OH’ 179W—E(UH’ ISOW—E\OH’ ISZW—EIOH’ 184W—E!OH’ 191W—ElOH’
193W7E(OH’ 195W—E\OH’ 196W—E|OH

E. eriopus Sch. Bip. ex Baker 922p-CHCI "] 61 ap-CHCI " 77 2ap-CHCI " g 5ap-CHCI 55

E. glomerulatus Less. 342pPE - AQw-PE | 52a0-PE - 6Qp-PE 77 ()ap-PE - 8Qup-PE - Qfap-PE - Q5ap-PE - QRap-PE ] | [ap-PE ] | Gr-PEAHeXEOAC 8, 49, 50,
117(—HCXZE(OAC, 122ap—PE’ 123ap—PE’ 124ap—PE’ 128!—HCX:E!OAC’ 129(—HCXZE(OAC, 13 II—HCX:EtOAC’ 132|—HCXZE|OAC’ 56’ 57
1341 HexEOAC | 35apPE | 47PE | §5PE | ] ap-PEAHeCEOA | G3ap-PEIHeCEOA | GAapPE | G5tHexEOAC
191%PE 200 PE, 202ePE D()3 @-PEAPE D()4ap-PE D()QrPE D] DrPE D3 [apPE DQ3 apPE

E. goyazensis (Gardner) Sch. Blp 84ap-ElOAc/ap-CHC]3, 106zp-ElOAc’ 107np-E(OAc’ 116;\p-EIOAc, 117ap-El0Ac, 1392p-ElOAc’ 142ap-E[OAc’ 182w-EtOH’ 53,58
183W-E[OH, 2823p-E[0AC

E. incanus (Less.) Less. 27 FE 119 @PE 147 a-PE [79-PE [89 ap-PE D()2ap-PE D()3ep-PE 24D ap-PE 8,41,59

E. mattogrossensis Kuntze 84up-CHCl, ] ] 3ap-CHCI; - 3()ap-CHCI 55

E. mollis Sch. Bip. 34w PE 50w FE GOWPE  TApPE AwPE  QDapPE D()DapPE  D()3apPEIPE  D3QuPE DA3pPE D AAapPE 56
289-PE 293ap-PE

E. polhii (Baker) MacLeish 3WEO | SLEO [ 3MEO ] SIEO [ QuEO DTW-EO | 34ap-PE 35IEO  3GIEO - ASW-EOMEO - 5)1EO - 6Qap-PE 7 31EO. 16, 60

[Vanillosmopsis pohlii Baker] 84upPE 1 139PE (2 PE D()34PPE D(4apPE D28 PE D[ 4apPE D] 5wPE D] GPE 23()PE 23] ap-PE

E. seidelii MacLeish & H. Schmacher 102:-EOAc ] ()5ep-EOAe [ ()G2p-FEOAC ] (y7ap-EIOA-EOH ] 3Qap-EOAc ] 4] ap-FiOAe ] 4D ap-FtOAe D RDap-EiOAe 53,61

E. uniflorus MacLeish & H. Schmacher 84+-CHCL, D ()(Q-CHIs D(2UCHCL; 2()3HCHCL D()5-CHCL 9 5HCHCL D ] 6-CHCL, 9] @+-CHCL, 9 ] QUCHCL, 9D ()-CHCL 48
20 CHCL, DD 4+-CHCL, D33LCHCY, DIALCHCL DA()-CHCL, DEOILMeOH DEALCHCI, DTDLCHCL, )T GHCHCL DQQHCHC,
2QQHCHCL, QTLCHCY,

E. Veadeiroensis H Rob 56ap—CHC]3’ 1795—Hex:EtOAC’ 1925—Hex:E|OAC, ZOOS—HGX:E(OAC/S—E(OH’ 2025—E|OH’ ZOSS—HEX:ElOAc’ 2065—Hex:EtOAC’ 48’ 62
2155—E(OH’ 21857ElOH’ 2205—E!0H’223S—E(OH’ 2265—}3[0}{’ 2275—Heval0Ac/s—E!OH’ 257;\p—E(OH’ 272ap—CHClS’ 274ap—CHC13’
276¢-CHCIap-EIOH | 3 ] Gap-CHCl/ap-E1OH

Lychnophora affinis Gardner 46uP-EOH | 4 77ap-EOH | g()ap-EIOH - 9Dap-EOH T ] ] Gap-EOH 1D [ ap-EOH " ] 9 Qap-EIOH | ] 3()ap-EOH * ] 3Dap-EiOH 9,42, 63
133%EOH 2 7apEOH )7 (apEOH )73ap-EOH )7 4ap-EOH )7 5ap-EOH )7 Gap-EOH )T 7ap-EOH DO fap-EOH
2973-EOH Qgap-EOH

L' ann’llana Urb 15351—DCM—MeOH’ 15451—DCM—MEOH’ 20551—DCM—MEOH’ 2225]—DCM—M&0H 10

L. bahiensis Mattf. 83rPEMPPE, Q| PEIPE QDwPE | )Gu-PE, |3 |34u-PE, |TOPE |4TPE, DOQUPE, 202 PETPE, 21
203|‘-PFJap-PE’ 204r—PF./ap-PE’ 230r-PE/ap-PE

L. blanchetti Sch. Bip. 41PE TIPE Q3 PE QIPE JATPE [ 4QHPE | [ 57PE ] 5QWPE ] 50%-PE ] 6(PE 1629 PE ] 65%PE, 21, 64
179-PERD-PE | 8QEPE 1 Q(FPE [ Q3FPE D()DapPE D()3rPE D3(rPEapPE DADrPE

L. brunioides Mart. ]793]’7-5!0/\(’ 279ap-E10A’ ZSOQP'ElOA, 30] ap-ElOAc’ 305ap-E10Ac’ 3] lap-ElOAc’ 3123p-ElOAc’ 313ap-El0Ac 65

L. columnaris Mattf. 52 PE 53apPE 54up-PE 55u-PE 56u-PE 6Dw-PE G3apPE GAWPE 650PE 6GPE G7-PE GRup-PE G ap-PE 66
179%FE [ Q1+PE [83PE, 2(()2PPE, D2 PEIPE D()3ap-PE/-PE
230rPE, 231PF

L. crispa Mattf. 88 WP QwPE |G TE, | ]QWPE, |28%FE, |31 PE [4S0PE, | TOrPE, D(DrPEAPE D(3rPEAPE, 21
23 ()r-PE/ap-PE

L. diamantinana Coile & S. B. Jones 84ap-EtOAe - g 5ap-Ei0AC - QDap-EtOAc 1 Q3ap-EOA 9 RDap-FtOAe 3 ()] ap-EtOAe 3] ] ap-BlOA 67




Vol. 33, No. 10 Lychnophorinae (Asteraceae): a survey of its chemical constituents and biological activities 2247

Table 1. continuation

Species Chemical constituents Ref.

L. ericoides Mart. 4HEO, SHEO_ GO, 7 KO, GIEO |OFEO, | [HEO, QMO [3HEO, |GHEO, 17HEO, [§HEO, [QFEO, D1HEO, 2DMO 11,12, 18,
23|-EO 261-E0 27I-EO 30|-EO 37]-E0 45|-E0 721-E0 81|-EO 821-E0’ 83I-MeOH, 841-DCM, 91[-DCM/1-M£OH7 197 2‘77
92]-DCM/ap-DCMlI-MeOH 95|-DCM 102|-DCM/1-MeOH 103|-DCM/]-MeOH 108[-MeOH 109|-DCM’ 110|-DCM/I-M&’,OH7 68_70
1 15]-MeOH 1 1 6|-DCM 1 19:\p-HeX/I-DCM 1 28]-DCM/I-MeOH 13 1 1-MeOH 1 381-DCM/I-MeOH’ 1 39|-DCM/I-M&’,OH7
140ap-E[OAc’ 14lap-Hex, 1 43|-DCM’ 144|-DCM, 1451-DCM/I-MeOH’ 146|-M60H7 1982p-Hex, 200 :\p-Hex7
202|-DCM/znp-Hex/l-MeOH’ 220[-DCM, 223|—DCM’ 225|-DCM/ap-HeX,227znp-Hex, 245r-DCM, 246r-DCM, 247r-DCM, 248r-
DCM’ 249r-DCM’ 250r-DCM’ 251r-DCM’ 252r-DCM’ 253r-DCM’ 254r-DCM’ 256|-M60H, 257|-MeOH’ 258|-MeOH7
259|—M30H 2623p-E[0Ac/l-MeOH 263 1-MeOH 266 1-MeOH 281np-E(OAc 2911-MeOH 301]-DCM/I-M60H, :))()SI-DCM/]-MeOH7
3 1 1 1-DCM/ap-DCM/I-MeOH 3 1 41-MeOH 3 1 5[-MeOH 3 1 61-MeOH 3 1 71-MeOH’ 3 1 81-MeOH’ 3 1 9]-MeOH’ 320]-Me0l—l7
322|-MEOH 323|-M30H 3241-Me0H 325|-M80H’ 326|-M30H’ 3271-M60H, 328|-M60H’ 330|-MSOH’3311-M30H7
332r—MeOH/l-MeOH 333r-MeOH/l-MeOH 334r-MeOH/I-MeOH 336|-M30H’ 33‘71-MeOH7 338]-Me0H

L. graangOlenSiS (Duarte) D J N Hlnd 84li—E(0AC’ QOII—EIOAC’ 92 li—E(OAc’ 264 ]i—ElOAc’ 27OIE—E!OAC’ 286II—ElOAC’ 303li—ElOAC’ 304li—ElOAC’ 307li—ElOAC’ 313 li-EtOAc 3 1

L. hakeaefolia Mart. Q1/PE | [47PE [ 7QPE D(2-PE/ap-PE D ()3r-PEAap-PE DD Qr-PE 2 3()r-PE 13

L. markgravii Gardner 83r-DEM G DM | [79r-DEM | 199 +DEM - 9()() -DEM | D()2-DEM | 9 ] 5-DEM - 9 ] -DEM | 29 ()r-DEM | 22 3r-DEM 71
2267PCM, 267-DCM 9 @Rap-DCM | 3()[apDCM 3()52pDCM 3| Gap-EIOH

L. martiana Gardner 4Qap-Hex:EtOA - 5 ] ap-Hex:EtOA 72

L. passerina (Mart. ex DC.) Gardner 520 PE QIIEOH G ap-EOHI-EOHap-PE | ATrPE | 7QUPE/apPE | QT r-PE | Dr-PE/apPE | Q3r-PE/apPE | @ArPE/ap-PE 14,17,37
1877PE, 20QPE @PE D()rPE apPE D) 3rPE/ apPE D] §ePE D1 QrPE )| GrPE/ apPE )| FapPE D)3 -PE/ ap-PE
224r—PE/ap-PE 257|-E10H 262|—E10H’ 2801-E10H’ 281|-ElOH’ 319]-E10H, 32]|-M50H

L. phylicaefolia DC. 45PE 177 PEapPE D ()Q-PEMP-PE D()3 -PEp-PE D] ()apPE 22O PE D 3(yPE 3()8-PE, 13

L. pinaster Mart. 46w-Hex | 57ap-Her g3 ap-DCM, 202ap-Hex | DD()ap-Hex DD 3ap-Hex D) 7ap-Hex 238 up-ElOH:H,O’ 241up-ElOH:H,O’ 37,73
26]#-EOHH,0 2R 1ap-DCM 3] [ap-EOHH,0 37 Rap-EIOH:H,0 33 5li-H,0:McOH

L' p()hlll SCh Blp 831i—DCM 84]1—DCM 86]i—DCM 91[1—DCM 92]irDCM/1—MeOH:HZO 241[1—MeOH 25 Sli—MeOHII—MeOH:HZO 26017M30H:H20 28 ’70 ’74
262[irMeOH 267]i—MeOH 26911—H20:M60H 2741|—DCM 279]i—DCM 282]i—H20:MeOH/|—MeOH:H20 288]i—DCM 3OOI—MeOH:HZO
301li—HZO:MeﬂH/]—MeOH:HZO 31 lli—DCM 3 14]17DCM 3201irH20:MeOH/I—MeOH:H20 322]—M50H:H20 323I—MeOH:HZO
304"MOH:H,0 39 51-McOHH,0 33)I-MeOH:H,0 33 31-McOH:H,0 33 5li-H,0:McOH

L. pseudovillosissima Semir & Leitﬁo 83 fl—E(OAc/up—ElOAc’ 87ap—E(OAc, 91ap—E!OAc/l—McOH:H10’ 166flrEx0Ac’ 167 t’l—E(OAc’ 168 ﬂ—EIOAc’ 169 ﬂ—ElOAc’ 28, 68, 70
170 ﬂ—E(OAC’ 17 lﬂ—E(OAC’ 172“—E\OAC’ 200up—E|OAC’ 202ap—E(OAC, 207up—E|OAC’ 208:1P—EIOAC’ 258 ]—MCOH:HZO’
260MOHH,0 D @IIMOHH,0 () MeOHH,0 3 QIMeOH:H,0 - 39 (J-MOHH,0 - 3971 MeOHH,0 - 39 31-MeOHH,0
324I—MCUH:H20’ 325[—MCOH:HZO’ 332]—MCOH:HZO’ 3331—MCOH:H10

L. reticulata Gardner §3HVEOH | D(2MEOH | DFIMEOH D(MeOH | D] SIMEOH, | 3 GHMEOH | D] QIMEOH, D) HMeOH | ) 31MeOH, 75
224|-Me0H 226|-MeOH’ 2271-Me0H’ 302]-M60H’ 305|-MeOH

L. rupestriS Semir & Leltﬁo 91]i—AcOET’ 116 li—ElOAC’ ll7]i—E(OAc’ 1181i—E|0Ac’ lzgli—ElOAc, 131]i—E|0Ac, 1795—E|0Ac’ lSOs—ElOAc’ 2021i—HEX, 76’ 77
20711—HEX’ 208]i—HEX’ 2231i—HEX, 225]i—HEX, 2651i—E!0H, 3001i—E|0H’ 3325—M50H

L. sa liCifO lia Mart. 430PE JAWPE ASWPE A Gu-PE AQap-PE 49>»ELOH/li-E(OAdap»PE’ 5 lll»ElOAc/ls»ElOH’ 59wPE GW-PE 6 ]a0-PE ] 47-PE, 13, 14, 32,

| 179I-PE/up-PE’ 202]5-El0H/ap»PE/li-E(OAC’ 203r—PE/ap»PE’ 212PE, 216PE, 223u-PE, 224up-PE/r»PE, 230r—PE/up-PE’ 78,79

2318p-PE/r»PE’ 2761i-El0Ac’ 287II-ElOAC, 297li>ElOAC

L. sellowii Sch. Bip. 3190PE, 300PE, 33900, QarPE QO PE | |40 PE | ] Si0PE | 79-PE, 19790-PE, D02-FE, D030-FE, 2307 PE 21

L. staavioides Mart. 255MeOH " 9 5QIMOH 9 (AI-MeOH 9 671-MeOH | D QQIMeOH | G [ 1-MeOH | 3() | 1-MeOH | 3() 51-MeOH - 3] ] 1-MeOH 39,77
3 14I—MCOH’ 3325—MCOH

L. trichocarpha (Spreng.) Spreng. Q1 ap-EOH 11 62p-EOH - 19Qap-EIOH 9 ()()ep-EOH | ()2 ap-EOH 9 ()ap-EOH 97 3ap-EOH 9 77ap-EOH 80, 81

L. uniflora Sch. Bip. 59wPE Q| PEAPE | ]GuwFE |QQwPE |7QrPE D()(PPE, ()@ PERPE D()3uPEFPE D()apPEIPE ) ()GupPE 14
2 1P, 212 PERPE D] GwPE DD 3ap-PE D) Aap-PE

L. Villosissima MaI’t. 83&]}75!01‘1’ 255‘dp—ElOH’ 2588prEl0H/|rMc0H:HZO’ 2601—MCOH:H20’ 262up—E|0H, 265|—DCM’ 2791—DCM’ 299 lrMCOH:HZO’ 28’ 70’ 82
32() MeOH:H,0 39 9ap-EOH/-MOHH,0 39 31-MeOH:H,0/ap-EIOH 39 Jap-BOH/-MeOHH,0 30 §1-MOHH,0 39 QI-MeOH:H,0_
3302p-EOH 33 3ap-EOH/-McOH:H,0

Lychnophoriopsis candelabrum (Sch. Bip.) 92MeOHHO0 1 9(Q-DCM 9D ()I-DEM 99 31-DCM | 9 3DIDEM |9 SRI-MeOHH,0 | 9 6()I-MOHHLO - 96 51-DEM - 7 QIDEM ] 15,28

H' Rob 282]—M30H:H20 284I—DCM 28517DCM 299 1-MeOH:H,0 301]—MeOH:H20 320 1-MeOH:H,0 322 1-MeOH:H,0 32317M60H:H20
304"MOH:H,0 39 51-MeOHH,0  39771-MOH:H,0 39 1-McOH:H,0 33 31-MeOH:H,0

Minasia alpestris (Gardner) H. Robinson 831-DEMA-DMC - gAI-DEM | (1-DEM | R71-DEM | GI-DEM - 9@I-DEM - 9QI-DEM ] ()() DM ] [ 61-PEM | D ()21-DEM 7,83
2151—DCM’ 218]—DCM, 22017DCM’ 221]—DCM

Piptolepsis ericoides (Less.) Sch. Bip. 1107PE, 164 7P, 202PE, 203 PE| D()42p-PE/-PE DD Qap-PE-PE "9 3() r-PE 16

P. leptospermoides (Mart. ex DC.) Sch. Bip 240-PE - 34ap-PE - 59apPE - Qap-PE - Q7ap-PE 1] Ga-PE 1 ]7-PE 1D QPE ] 562-PE 17Q+PE D()]2P-PE, 84
D(3WPEIPE ()4 PERPE )| GrPE D] 7HPE DDQw-pe

P. argentea Mart. & Zucc. ex Sch. Bip. O 12p-PEAPE QAap-PEA-PE | ] D Qap-PEA-PE '] 3 5ap-PE/-PE 9 ()Dap-PEI-PE 9 ()3ap-PEI-PE D()Aap-PE D | Qap-PEI-PE D | r-PE 85
20QPE D3(w-PEAPE D3] apPE/PE

P. furnensis Semir & Leitéo Filho Q] ap-EiOAe - @Dap-EiOA 86

* The superscripts following the number of the compound indicates the part of the plant and the extract from which each compound was isolated. w: wood; ap:
aerial parts; r: roots; i: inflorescences; is: internal part of stem; es: external part of stem; I: leaves; t: total plant; li: leaves and inflorescences; EO: essential oil;
Hex: hexane; EtOAc: ethyl acetate; PE: petroleum ether; DCM: dichloromethane; EtOH: ethanol; MeOH: methanol.
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Figure 1. Percentage of secondary metabolites occurrence in Lychnophorinae
(percentage was calculated in relation to the total hit number)
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Figure 2. Occurrence of sesquiterpene lactones (SLTs) in Lychnophorinae
(percentage was calculated in relation to the total hit number)

selowii.*' Regarding the sesquiterpenes, sesquiterpene lactones (STL)
are reported to be isolated and/or identified in 90% of the species in-
vestigated. This class of secondary metabolites is divided into groups
(i.e., germacranolides, eudesmanolides, guaianolides, furanohelian-
golides, among others) according to their structural diversity, which
results of enzyme-catalyzed and eventually selective oxidations,
cyclizations, condensations and rearrangements of their common
biosynthetic precursor (farnesylpyrophosphate, FPP).??> Because of
their number of occurrence and structural diversity, STLs have been
used as chemotaxonomic markers of various faxa of Asteraceae,”
including the subtribe Lychnophorinae.**

Furanoheliangolides from the goyazensolide and eremantholide
types are the most common STLs in Lychnophorinae, as shown in
Figure 3. They have been reported to be the major STL of all the
investigated species, except for Lychnophoriopsis candelabrum,
Lychnophora pseudovillosissima and L. reticulata, in which the
predominance of guaianolides and eudesmanolides were observed.
Furanoheliangolides of the eremantholide type has been proposed to
be biosynthesized from a goyazensolide type of STL by means of a
Michael-type addition to the exocyclic double bond conjugated with
the lactone carbonyl (Figure 3).?2?* The conversion of goyazensolide-
type into eremantholide in laboratory was recently achieved by
making use of Striker’s reagent.”® Most of the furanoheliangolides
from goyazensolide type occurring in Lychnophorinae have the
same structural core, but they differ on the degree of oxidation and

Quim. Nova

substituents at C-8. The majority mostly exhibit exocyclic double
bond between C-11 and C-13 (94.8%) and an oxygenated group (a
hydroxyl or an acyloxy group) bounded at C-8 (100%), followed by
common methacryloxy (52.2%), angeloxy (36.5%), tigloxy (11.3%)
or their derivatives. In contrast, oxygenated groups at C-15 (26.9%)
and double bonds between C-4 and C-5 (74.8%) are less common.
The oxygenated groups at C-8 from mostly of the STL of Lychno-
phorinae are usually a-orientated in relation to the mean plane of the
ring, as reported for other subtribes of Vernonieae.? Differently, the
furanoheliangolides of the eremantholide type mostly shows double
bond between C-4 and C-5 (72.7%) and hydroxyl at C-1" (93.5%),
whereas oxygenated groups at C-15 are rarely found (20.8%).

Figure 3. Biogenesis of eremantholides (B) from goyazensolide-type of
furanoheliangolides (A) **

Flavonoids also have a widespread occurrence in the subtribe
Lychnophorinae. Flavonols (37.4%) and flavones (38.7%) have higher
percentages of occurrence than dihydroflavones (12.9%), dihydrofia-
vonols (9.7%) and chalcones (1.3%). Methoxyl (53.3%) and glycosyl
(25.0%) are the most common substituent groups in flavones. The
glycosyl groups are often bounded at C-6 and C-8 or at C-8 solely.
In the case of flavonols, only 37.9% exhibit free hydroxyl group at
C-3 (B ring), once this group is the precursor of methoxyl (32.8%),
glycosyl (8.6%) and heteroside groups (20.7%). Chalcones have been
identified only in Lychnophora ericoides.*®

Opposed to terpenoids and flavonoids, whose occurrence is wide-
spread in Lychnophorinae, some classes of secondary metabolites
have been restricted to some species. Lignans were isolated only
from roots of Lychnophora ericoides,"! and quinic acid derivatives
have been found only in some Lychnophora species (L. ericoides,'>*
L. pinaster,® L. pohli*® and L. vilosissima®®) and Lychnophoriopsis
candelabrum.®

BIOLOGICAL ACTIVITIES OF LYCHNOPHORINAE

Although fifty species of Lychnophorinae have been submitted
to phytochemical studies, up to now only twenty-eight species were
investigated regarding their biological activities, as shown in Table 2.
Several biological activities from the species of the Lychnophorinae
subtribe have been evaluated, and their mostly common reported
activities are antimicrobial, anti-inflammatory, tripanocidal, toxicity,
analgesic and antinociceptive (Figure 4).

Extracts from the Lychnophora species have been used in the
Brazilian folk medicine as analgesic and anti-inflammatory. For
this reason, a number of studies have focused on the evaluation of
crude extracts and pure compounds for their analgesic and anti-
inflammatory potential. Guzzo and co-workers® investigated the
antinociceptive activity of the ethanol aerial parts extracts of five
Lychnophora species using hot-plate and writhing tests. They reported
that the Lychnophora pinaster (0.75 g/kg) and Lychnophora ericoides
(1.50 g/kg) extracts significantly increased the time for paw licking
in mice. By using the dose of 0.75g/kg for Lychnophora passerina,
Lychnophoriopsis candelabrum and Lychnophora pinaster, and doses
of 0.75 and 1.50 g/kg for both Lychnophora ericoides and Lychnopho-
ra trichocarpha it was observed a significant reduction on the number
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Table 2. Biological activities of species of the subtribe Lychnophorinae
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Species Tested biological activities Ref.
Eremanthus arboreus Antiinflammatory activity of 15-hydroxyeremantholide B (126) and 15-acetoxyeremantholide B (127) 87
Gastroprotective effect of the bark essential oil 88
Anticholinesterase activity of dichloromethane:methanol and dichloromethane extracts 89
E. elaeagnus Antitumoral activity of the ethanolic extract from stems and eremantholide A (119) 24,52
Antiinflammatory activity of 15-deoxygoyazensolide (83) 87
Citotoxicity of lychnopholide (91) 90
Clastogenicity of eremanthin (179) and lychnopholide (91) 90,91
Genotoxicity of eremanthin (179) 91
Immunomodulatory activity of eremanthin (179) 92
Schistossomicidal activity of eremanthin (179), costunolide (147) and a-bisabolol (27) against Schis- 92,93
tosoma mansoni
E. erythropappus Antimicrobial activity of the essential oil of leaves and B-bisabolene (25) 35,4594
Toxicity of extracts and essential oil of leaves 44,45
Antifungal activity of essential oil, extracts and a-bisabolol (27) 95,96
Moluscidal activity of the aerial parts ethanol extract against Biomphalaria glabrata 97
Antiedematogenic activity of the essential oil of leaves 98
Antinociceptive and antiinflammatory activities of the essential oil of leaves 36,95,99
Antiulcerogenic activity of the essential oil of leaves and o.-bisabolol (27) 100
E. glomerulatus Moluscidal activity of the aerial parts ethanol extract against Biomphalaria glabrata 57,97
E. goyazensis Citotoxicity and schistossomicidal activity of goyazensolide (84) against Schistosoma mansoni 101
E. incanus Cytotoxic activity of eregoyazin (182) 41
E. mattogrossensis Antiinflamamatory activity of goyazensolide (84) and isogoyazensolide (112) 87
E. pohlii Inseticidal activity of the essential oil against Bemisia argentifolii 60
E. sphaerocephalus Moluscicidal activity of the ethanol extract from the aerial parts against Biomphalaria glabrata 97
Lychnophora affinis Antineoplastic activity and citotoxicity of flavonoids (255-321), lychnophorolide A (92) and lychno- 9,40,42
pholic acid (46)
L. antillana Antineoplastic activity of crude ethanolic extract, lychnostatin 1 (153) and 2 (154) 10
L. brunioides Moluscidal and tripanocidal activity of flavonoids isolated from the ethyl acetate extract of leaves 65,102
L. diamantinana Antinociceptive and anticonvulsant effects of stems methanol extracts 77
L. ericoides Analgesic activity of the crude lyophilized aqueous extracts from stem and leaves 5
Analgesic activity of di-caffeoyquinic acids (325, 332 and 333) isolated from roots methanolic extracts 12
Analgesic and antioxidant activities of di-C-glucosylflavones isolated from hydromethanolic extract 18
of leaves
Anti-inflammatory, antipyretic and antiedematogenic activities of lignans (245-254) isolated from the 11
dichloromethane extract of roots
In vitro anti-inflammatory activity of centratherin (92) and goyazensolide (84) 33
Antinociceptive and anti-inflammatory activity of ethanol extract from the aerial parts 29
Antiproliferative activity of goyazensolide (84) isolated from cell culture 103
Genotoxicity of 15-deoxygoyazensolide (83) 43
Inhibitory activity of flavonoids 264, 281, 283 and 303 on generation of reactive oxygen species 104
Xantine oxidase inhibitory activity of the ethanolic extract of the aerial parts 105
L. gardneri Tripanocidal activity of crude extracts, flavonoids (255-321) and lychnopolic acid (46) 37
L. granmongolense Tripanocidal and analgesic activities of the crude hexane, ethyl acetate and and ethanol extracts from 31
the aerial parts and centratherin (92); goyazensolide (84), lychnophorolide B (90)and the flavonoid 303
L. markgravii Antimicrobial activity of crude extracts from the aerial parts and flavonoids (255-321) against Strep- 106
tococcus sp
Leishmanicidal activity of flavonoids 267 and 305, against Leishmania amazonensis 106
L. passerina Tripanocidal activity of the hydroalcoholic extract of aerial parts and goyazensolide (84) 37,107
Antinoceptive and antiinflammatory activities of the ethanolic extract from the aerial parts 29
Inhibitory activity of flavonoids 264, 281, 283 and 303 on generation of reactive oxygen species 104
Antioxidant activity of methanolic extracts from leaves, and quercetin (281), kaempferol (280) and 17
tiliroside (319)
Xantine oxidase inhibitory activity of the ethanolic extract of the aerial parts 105
L. pinaster Antinoceptive and antiinflammatory activities of the ethanolic extract from the aerial parts 29
Moluscicidal activity of the ethanolic extract of the aerial parts against Biomphalaria glabrata 97
Tripanocidal activity of the aqueous and hexane extracts of the aerial parts and lichnopholic acid (46) 37,108
Xantine oxidase inhibitory activity of the ethanolic extract of the aerial parts 97
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Table 2. continuation
Species Tested biological activities Ref.
L. pohlii Tripanocidal activity of the n-hexane, dichlorometane and methanol extracts of leaves and inflorescentes, 74
and lychnopholide (91), centratherin (92), goyazensolide (84), 15-deoxygoyazensolide (83), caffeic acid
(241), luteolin (262) and vicenin-2 (258)
Inhibitory activity of flavonoids 264, 281, 283 and 303 on generation of reactive oxygen species 104
L. pseudovilosissima Moluscicidal activity of the ethanol extract from the aerial parts against Biomphalaria glabrata 97
L. rupestris Antinociceptive and anticonvulsant effects of polar extracts and 4,5-di-O-[ E]-caffeoylquinic acid (331) 77
L. salicifolia Antifungal activity of crude extract and sesquiterpene lactones 109
Tripanocidal and antinociceptive activity of ethyl acetate extracts from leaves and inflorescences, lych- 32
nopholic acid (46) and quercetin-7,3’,4’-trimethyl ether
Antimicrobial activity of lupeol (202), lychnopholic acid (46) and its acetate (51) against Escherichia 78,109
coli, Staphylococcus aureus, Candida albicans, C. tropicalis, Tricophyton rubrum, Aspergillus flavus,
Penicillium and Rhodotura rubra
L. staavioides Tripanocidal activity of the flavonoid 282 39
Antinociceptive and anticonvulsant effects of polar extracts and 4,5-di-O-[E]-caffeoylquinic acid (332) 77
Xantine oxidase inhibitory activity of the ethanolic extract of the aerial parts 91
L. trichocarpha Tripanocidal activity of the ethanol extract of the aerial parts; lychnopholide (91) and eremantholide 37,38
C(116)
Antimicrobial activity of lycnopholide (91), eremantholide C (116) and Five synthetic derivatives against 80
Enterococcus faecalis, Bacilus subtilis, Staphylococcus aureus, Salmonella typhymurium, Escherichia
coli and Proteus sp
Xantine oxidase inhibitory activity of the aerial parts ethanol extract 91
Antinoceptive and antiinflammatory activities of the aerial parts ethanol extract 29
L. villosissima Tripanocidal activity of 15-deoxygoyazensolide (83) 38,82
Lychnophoriopsis candelabrum  Xantine oxidase inhibitory activity of the aerial parts ethanol extract 91
Antinoceptive and antiinflammatory activities of the aerial parts ethanol extract 29
Proteopsis furnensis Antiinflamatory activity of centratherin (92) 87
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Biological activities
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analgesic and antinociceptive
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Figure 4. Biological activities of species of the subtribe Lychnopnhorinae
reported in the literature. Percentage was calculated in relation to the total
number of hits

of writhes induced by acetic acid. This activity was initially proposed
due to the presence of sesquiterpene lactones.** However, Grael and
co-workers?! reported that extracts of the aerial parts of Lychnophora
granmongolense showed no analgesic activity in the writhing model
of pain, even though the STLs goyazensolide (84) and centratherin
(92) were isolated from those extracts. These results, in combination
with those obtained for the L. salicifolia extracts,’ suggested that
not all the Lychnophora species could exhibit analgesic activity
correlated to the accumulation of sesquiterpene lactones. Differently,
lignans'!' and di-caffeoylquinic acid derivatives,'? isolated from roots
of Lychnophora ericoides exhibited interesting analgesic activity.
More recently, di-caffeoylquinic acid derivatives were also identified
in the leaves of L. ericoides,” thus indicating that these compounds

can be responsible for the analgesic activity of the hydroalcoholic
extracts used by the Brazilian population.

Rungeler and co-workers® investigated the anti-inflammatory
activity of 28 sesquiterpene lactones (STL), which are commonly
found in leaves and aerial parts of extracts of Lychnophora and
other species from the subtribe Lychnophorinae. These compounds
are known to inhibit the transcription factor NF-kB by selectively
alkylating its p65 sub-unit probably by reacting with cysteine resi-
dues.’® The authors proposed that the o-methylene-y-lactone and
o, B-unsaturated carbonyl can alkylate the cysteine residue (Cys 38)
in the DNA binding loop 1 (L1) and a further cysteine (Cys 120) in
the nearby E’ region. This cross link alters the position of tyrosine
36 and additional amino acids in such a way that their specific inte-
ractions with the DNA become impossible.** However, Gobbo-Neto
and co-wokers'® recently reported that vicenin-2 (258), isolated from
the methanol extract of the leaves of Lychnophora ericoides showed
significant anti-inflammatory activity in the carrageenan-induced
rat paw edema, thus indicating that this compound is responsible
for the anti-inflammatory activity. More recently, Dos Santos and
co-workers** demonstrated that vicenin-2 (257) exhibits no effect
on tumor necrosis factor (TNF)-o production, but inhibits, in a
dose-dependent manner, the production of prostaglandin (PG) E2
without altering the expression of cyclooxygenase (COX)-2 protein.
Also, the authors reported that 3,5-dicaffeoylquinic acid (333) and
4,5-dicaffeoylquinic acid (332), at lower concentrations, had small
but significant effects on reducing PGE2 levels; at higher doses the-
se compounds stimulated PGE2 and also TNF-o production by the
cells. Both compounds 333 and 332, in a dose-dependent manner,
were able to inhibit monocyte chemoattractant protein-3 synthesis/
release, with compound 332 being the most potent at the highest
tested concentration. These results strongly suggested that the anti-
inflammatory effect of hydroalcoholic extracts of L. ericoides are due
to the presence of compounds 332 and 333, rather than sesquiterpene
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lactones. In addition, Guzzo and co-workers® investigated the etha-
nolic extracts of the aerial parts of five Lychnophora species for their
anti-inflammatory and antinociceptive activities. They reported that
administration of Lychnophora pinaster and Lychnophora trichocar-
pha ointments, in both evaluated concentrations (5 and 10%, w/w),
and Lychnophora passerina and Lychnophoriopsis candelabrum,
in the concentration of 10%, significantly reduced the paw edema
measured 3 h after carrageenan administration, suggesting, for the
first time, an anti-inflammatory activity upon topical administration
of these species. However, the authors did not report the chemical
composition of those extracts.

Despite the fact that sesquiterpene lactones have a widespread
occurrence in the Eremanthus species, most of the biological activities
of this genus are due to their essential oils from the leaves and stems.
Nascimento and co-workers® investigated the activity of Eremanthus
erythropappus oil and some of its compounds and their potential
synergistic interaction with ampicillin against different strains of
Staphylococcus aureus. They identified B-bisabolene as the main
active constituent and reported its potential to restore the effectiveness
of ampicilin against the resistant S. aureus.

Recently, the antimicrobial activity of this oil against Candida
albicans and Salmonella ssp was also reported, but the major consti-
tuents were B-pinene and B-caryophyllene instead of B-bisabolene.®
More recently, the essential oil of E. erythropappus was also inves-
tigated for its antinociceptive and anti-inflammatory activities.*® The
authors found that doses of 200 and 400 mg/kg inhibited 10.69%
and 27.06% of acetic-acid-induced writhing in mice, respectively.
In the formalin-induced nociception test in mice, the essential oil
inhibited the first phase of paw licking by 29.13% (400 mg/kg)
and the second phase by 32.74% (200 mg/kg) and 37.55% (400
mg/kg). In the hot-plate test in mice, doses of 200 and 400 mg/kg
significantly increased the reaction time after 30, 60 and 90 min
of treatment. Doses of 200 and 400 mg/kg inhibited carrageenan-
induced paw edema in rats by 15.18 and 36.61%, respectively.
Doses of 200 and 400 mg/kg administered 4 h before intra-pleural
injection of carrageenan significantly reduced exudation volume
(by 20.20 and 48.70%, respectively) and leucocyte mobilization
(by 5.88 and 17.29%, respectively).

The trypanocidal activity of the Lychnophora species has been
extensively investigated in the literature. In this case, however, these
studies are part of an intensive search for active compounds against
Trypanosoma cruzi, the etiology agent of Chaga’s disease, therefore,
they are not correlated with the use of species from the subtribe Lych-
nophorinae in traditional medicine. The bioguided fractionation of the
crude extracts of L. passerina, L. pinaster and L. trichocarpha resulted
in the isolation of the bioactive sesquiterpene lactones goyazensolide
(84), eremantholide C (116), lychnopholide (91), and lychnophoic
acid (57).%7 Goyazensolide and eremantholide C were 100% active
at concentrations of 240 and 3600 pg/mL, whereas lychnopholide
inhibited 50% of the grown of trypomastigote forms at concentration
of 150 pg/mL.* Besides goyazensolide, centratherin (92) and the
flavonoid eridictyol (303), isolated from L. granmongolense were
also found to be active against 7. cruzi.’' Quercetin 3-methyl ether
(291), isolated from L. staavioides showed also significant trypano-
cidal activity.®

Flavonoids and sesquiterpene lactones have also been investi-
gated for their citotoxicity**** and genotoxicity.* Recent studies
performed by Vasconcellos and co-workers** demonstrated that
15-deoxygoyazensolide (83) is mutagenic in Saccharomyces ce-
revisae due to the possible intercalation effect, in addition to the
pro-oxidant status that exacerbates oxidative DNA damage. Studies
on the toxicity of the essential oil of Eremanthus erythropappus
have also been reported.**
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CONCLUDING REMARKS

In this literature review, information concerning the occurrence
and pharmacological activities of secondary metabolites isolated from
species of the subtribe Lychnophorinae were collected. Sesquiterpene
lactones of furanoheliangolide (goyazensolide and eremantholide
types) and flavonoids are the distinguished secondary metabolites.
Anti-inflammatory, analgesic, antimicrobial and cytotoxic properties
are amongst the most investigated activities in the literature, mainly
for the Lychnophora and Eremanthus species. However, a number of
species of Lychnophorinae has not been submitted to phytochemical
or pharmacological studies yet. Furthermore, although vicenin-2 and
di-caffeoylquinic acids have been reported responsible for the anti-
inflammatory and analgesic activities of the hydroalcoholic extracts
of Lychnophora ericoides used in the medicine folk, a number of
other species of Lychnophorinae used by the Brazilian population for
medicinal purposes remains unknown until now. In this context, data
presented herein demonstrated not only the role played by species of
Lychnophorinae as source of bioactive compounds, but also reinforce
the need of further studies involving species of such subtribe.
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