Available online at www.sciencedirect.com

SCIENCE@DIRECT® JOURNAL OF
CHROMATOGRAPHY A

ELSEVIER Journal of Chromatography A, 1094 (2005) 179-182

www.elsevier.com/locate/chroma

Short communication

Analysis of the essential oil composition from the different
parts ofEryngium glaciale Boiss. from Spain

Jesis Pah-Pail2*, M2 Joe Rerez-Alonsd, Arturo Velasco-Negueruefa
Jezabel Varaef, Ana M2 Villa 2, Jesis San?, Joseph J. BropHy
aDpto. Biologia Vegetal I (Botdnica), Facultad de Biologia, Universidad Complutense de Madrid, 28040 Madrid, Spain

b Instituto de Quimica Orgdnica, Juan de la Cierva No. 3, 28006 Madrid, Spain
€ School of Chemistry, The University of New South Wales, Sydney, NSW 2052, Australia

Received 29 July 2005; received in revised form 12 September 2005; accepted 13 September 2005
Available online 30 September 2005

Abstract

The essential oil from the different parts (inflorescences, stems + leaves and r@ois)gofim glaciale Boiss. gathered in Sierra Nevada (Spain)
has been extracted by steam distillation and analysed by gas chromatography and gas chromatography coupled to mass spectrometry. Quan
but not qualitative differences have been found between the analysed parts. The principal compounds from the inflorescences oil were found 1
phyllocladene isomer (43.5%))-caryophyllene (15.2%) and valencene (11.5%), while the oil from stems and leaves only showed phyllocladen
isomer (41.3%) as main one. The oil from the roots presented phyllocladene isomer (49.4%) and linalool (19.1%) as major constituents. Thi
the first report on the chemical composition of this species.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction essential oils of only few species have been previously reported
[20-32] Table 1shows the main constituents of the oils of each

The genugryngium L. belongs to the Apiaceae family and, studied species that have been alphabetically ordered.

with about 250 species, is distributed practically all over the In the present work we contribute to the knowledge of the

world. Fourteen of the 26 species described in Flora Europaesssential oils oEryngium species with the chemical composi-

grow in the Iberian Peninsuld]. Although Eryngium glaciale  tion of the different parts af. glaciale Boiss. As far as we know

Boiss. has been considered as an endemic species of “Siettfas is the first report on the essential oil of this species.

Nevada” (Spain)2]. It should be a relict taxon that according to

Flora Europaea appears also in Northwest Africa and only grow$  npaterials and methods

over stony places above 2500 m. Currently in Spainitis included

in the red book of vulnerable species and only appears in the ;  pi.ur material

Natural and National Park of Sierra Nevada, Granada (Spain)

(Fig. D) [2]. E. glaciale is an perennial erect herb with stems Few specimens d. glaciale were gathered in Sierra Nevada,
of 5-20 cm, basal leaves coriaceous, persistent. Inflorescencgsanada (Spain) in 27-7-2000. A voucher specimen (MACB-

bluish, pedunculate, globose and fruits without scales. 77655) has been lodged at the Herbarium of the Faculty of
The chemistry, genetic diversity and properties of severahiobgy' Complutense University, Madrid, Spain.
species oEryngium have been previously studig19], butthe

2.2. Isolation of volatile oils

* Part of this paper has been presented as a poster at the XVII International

Botanical Congress, Vienna (Austria), 17-23 July 2005. The oils from the different air-dried parts Bf glaciale were
* Corresponding author. Tel.: +34 913944433; fax: +34 913945034 isolated by steam distillation with cohobation for 8 h according
E-mail address: Quibey@bio.ucm.es (J. RaPadil). to the method recommended in the Spanish Pharmacopoeia. The

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.09.029
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Nitrogen was used as the carrier gas (1.5 mLThjnDetection
was performed by flame ionisation detection (FID) at 300
Injection volume for all the samples was @.IL of pure oil.

2.4. Gas chromatography—mass spectrometry (GC-MS)

Y = GC-MS was carried out on a Hewlett-Packard 5890 gas chro-
g matograph fitted with a fused Silica SE-30 capillary column
(50mx 0.22mm, 0.25um film thickness), coupled to a HP
5971A mass selective detector. Column temperature was pro-
grammed from 70 to 220C at 4°C min—1 and helium was used
as carrier gas. Mass spectra were recorded in the scan mode at
70 eV. In order to confirm the identification of some compounds,
the oil samples were also analysed on a VG Quattro mass spec-
trometer operating at 70 eV ionisation energy. The GC column

oils were dried over anhydrous magnesium sulphate and storggied was a DB-wax (60 m 0.32 mm, 0.2%wm) programmed
at 4°C in the dark. The y|e|d of the different parts, based on dryfrom 35t0 220°C at 3°C min_l with helium as carrier gas.

weight, appears iffable 2

Fig. 1. Distribution ofE. glaciale Boiss. in the Iberian peninsula.

2.5. Qualitative analyses
2.3. Gas chromatography
Most constituents were tentatively identified by GC by com-

Analytical gas chromatography (GC) was carried out on garison of their retention indices with those of authentic stan-
Varian 3300 gas chromatograph fitted with a fused methyl sili-dards available in the author’s laboratory or with retention
cone DB-1 column (50 nx 0.25mm, 0.2%m film thickness). indices from Refs[33-37] Further identification was achieved
Temperature was programmed from 95 to 28t 4°C min1. by GC-MS. Other constituents were either synthesised or iden-
Injection was performed at 25C in the split mode (1:100). tified in oils of known composition. The fragmentation patterns

Table 1
Main constituents of the essential oilsifyngium species previously reported
Species Main components References
Eryngium billardieri F. Delaroche a-Muurolene (42.0%) anfi-gurjunene (17.0%) [31]
Inflorescences oil: phyllocladene (37.6%) and bicyclogermacrene (15.1%) [32]
Eryngium bourgatii Gouan Stems and leaves oil: phyllocladene (20.4%6nuurolene (11.8%) and:j-caryophyllene
(10.1%)
Roots oil:y-muurolene (15.4%) and phyllocladene (15.0%)
Eryngium expansum F. Muell 7-Epiw-selinene (38.3%}is-B-guaiene (10.8%), 2,3,6-trimethylbenzaldehyde (8.0%) and  [28]
(E,E)-a-farnesene (7.3%)
(E)-2-Dodecenal [21,22]
Eryngium foetidum L. 2,4,5-Trimethylbenzaldehyde (20.5%) [23,24]
2,3,6-Trimethylbenzaldehyde (5.5-23.7%) aA}2-dodecanal [25]
Aerial parts: germacrene D (43.1-42.4%) and 9-muurolen-15-aldehyde (22.4—-16.4%) [26]

Eryngium maritimum L. Roots:y-guaiene (40.2%), 2,3,4-trimethyl-benzaldehyde (24.5%) and germacrene D (10.6%)

Eryngium paniculatum Cav. E)-Anethole (52.6%) and-pinene (19.1%) [27]
i - 0, i 0, - i 0,
Eryngium pandanifolium Cham. & Schiecht. geg;l})parts. bornyl acetate (20.8%)selinene (13.8%)-selinene (11.3%) ang-muurolene [28]
Fruit oil: heptanol (11.5%) anf-selinene (9.2%)
o Leaf oil: spathulenol (20.0%) arfét-bisabolol (8.6%) [28]
Eryngium rostratum Cav. Fruit oil: -bisabolol (65.3%)
Winter leaves-caryophyllene (20.3%), germacrene D (19.2%) arttimulene (8.8%) [28,29]

Eryngium vesiculosum Labill. Summer leaves: bicyclogermacrene (22.2%e3aryophyllene (15.6%), germacrene D (15.8%)

anda-humulene (8.1%)

Leaves: germacrene D (18.3%), terpinolene (17.8%), bicyclogermacrene (8.8%pamehe [30]
Eryngium yuccifolium Michx. (7.56%)

Stalks: germacrene D (38.4%)amorphene (12.2%) and bicyclogermacrene (10.1%)

Roots: terpinolene (25.8%)ans-(E)-bergamotene (18.6%) and 2,3,6-trimethylbenzaldehyde

(13.9%)
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Table 2 Table 3
Oil yield of the different parts of. glaciale Boiss. from Spain Essential oil composition of the different partsifglaciale from Spain
Sample Voucher details Yield (%) Compound I Egl.F EglSL EglR
E.gl.F. MACB-77655. Granada: Sierra Nevada. 0.16 Nonane 869 t t 0.1
E.gl.SL Grassland in the base of Veleta peak. 0.26 a-Pinene 932(1012) 2.0 1.4 2.9
E.gl.R 27-7-2000. 30SVG6605 0.30 5-Methyl-3-heptanone 960 t t 0.1
Yield based on dried weiaht. E.aErmeium elaciale: F- infl S Sabinene 963(1113) t t 0.4
ie as::il on r.|e | weight. E.gEryngium glaciale; F: inflorescences; SL: Myrcene 985 (1160) t _ _
stems and leaves; R: roots. 5-3-Carene 1003 0.9 t 0.2
Limonene 1026 (1191) 0.3 0.3 1.0
of mass spectra were also compared with those stored in tf?é,\'jlhe"a”dre”e . 1027(1201) 01 2.2 4
) N i p-Mentha-2,4(8)-diene 1073 0.4 0.8 2.7
spectrometer database using the WILEY.L built-in libraries. .« inalool oxide 1077 0.1 0.1 0.4
6-Camphenone 1082 0.5 11 3.8
. . Cryptone 1087 (1669) 4.6 5.9 -
3. Results and discussion Linalool 1096(1549) 3.0 5.9 19.1
) ) ) _Undecane 1100 0.2 0.4 1.7
Some species of the Apiaceae family are well known for itSchrysanthenone 1122 t t 0.2
high yield and characteristic essential oispinella anisum  Terpinen-1-ol 1130 0.1 0.2 0.7
L., Foeniculum vulgare Miller, Cachrys sicula L., Angelica Lavandulol 1153 t t 0.2
2,4,5-Trimethylbenzaldehyde 1305 (1896) t 0.1 0.3

sylvestris L.). However, according to our result$gble 2 and 2.4 6-Trimethylbenzaldehyde ~ 1338(1920) 0.2 _ -

with those_ previously reporte{ﬁO—BZ]thg genufryngz:um does  paucene 1370 t _ _
not contain great amounts of essential oil. The different partg-Elemene 1387(1587) 0.2 - -
of E. glaciale analysed showed different yields. The part with a-Cedrene 1405(1669) 0.2 - -
higher amount was the roots (E.gl.R.), followed by the stemgE)-Caryophyllene 1410(1594)  15.2 7.1 11
. . a-Humulene 1447 (1667) 1.0 0.4 -
and leaves (E.gl.SL) and finally the inflorescences (E.gI.F)(E B-Farnesene 1452(1770) 0.3 0.5 0.3
These differences could be explained because the essential il 9thamigrene 1470 3.7 22 0.4
this perennial species could be accumulated in the roots during(z)-lonone 1481 t - -
the winter, as other Apiaceae species do, and later distributeé¢lencene 1485 115 6.9 1.0
throughout the plants during the vegetative season. To confirfgrSelinene 1490(1704)  t - -
this hypothesis a seasonal study of the yield of this species shougﬁlse"m?ne 1492(1727) -t - -
icyclogermacrene 1493(1750) t - -
be done. N _ B-Bisabolene 1513(1727) 0.9 0.4 0.2
The components identified from the different partsEf ni. 1 1516 0.7 t 0.3
glaciale, their retention indices and their percentage compo#.i. 2 1517 0.6 - -
sition are summarised ifable 3where all the compounds g-'-::'h ool 155536(2133) 0-5’4 oo "0
. . : } pathuleno . . .
are arranged in order_ of_ their elution on the D_B 1 columnCaryophyllene oxide 1580(1987) 2.1 34 16
although the retention indices of compounds confirmed on DB, ; 1586 2.4 0.2 -
wax column have been also included. In spite of the vyieldh.,. 5 1587 0.6 1.2 -
differences above commented, the chemical composition of difr.i. 6 _ 1779 0.2 0.9 -
ferent parts share the major constituent that have been identifigyllocladene isomer 1857 435 413 49.4
as phyllocladene isomer, 43.5%, 41.3% and 49.4% for E.gl.#gs;;;;"t‘;zemhggxggf::ss 272 ‘;73 12‘:1'67
E.gl.SL and E.gl.R, respectively. However, each sample excepfesquiterpene hydrocarbons 330 173 3.0
E.gl.SL showed other main constituents as linalool (19.1%) iroxygenated sesquiterpenes 7.8 10.3 1.9
E.gl.R, or E)-caryophyllene (15.2%) and valencene (11.5%) inDiterpene hydrocarbons 43.5 41.3 49.4
E.gl.F. Other representative compounds were found to be cryf2xygenated diterpenes 0.0 0.0 0.0
tone (4.6%)B-chamigrene (3.7%), linalool (3.0%), caryophyl- Total 90.5 80.8 93.6

Iene_OXIde (2'1%) and-plnene (2'0%) m_E.gI.F. The _E'gl'SL I: Kovats retention indices on DB-1 column on DB-wax in parenthesis; t: traces
fraction share also few compounds with the previous oNne{o, <o.1): n.i.: not identified: E.glEryngium glaciale: F: inflorescences; SL:
(E)-caryophyllene (7.1%), valencene (6.9%), cryptone (5.9%)stems and leaves; R: roots. n.i./ 1516, 204[M](5), 119(100), 134(60),
linalool (5.9%), caryophyllene oxide (3.4%-phellandrene 91(37), 57(25), 69(23), 105(20), 41(18), 161(15), 189(2); n.u=2517,
(2.2%) and3-chamigrene (2.2%). The last fraction (E.gl.R) was 236IM'I(3). 119 (100), 57(20), 85(19), 134(18), 105(15), 41(10), 221(3); n.i

. . ; 3 7=1559, 220[M](35), 135(100), 107(88), 159(85), 91(83), 121(81), 177
little bit different with B-phellandrene (7.4%), 6-camphenone (79), 81(60), 41(45), 55(40), 137(39), 69(30), 161(23), 205(20), 189(10); n..

(3.8%),a-pinene (2.9%) ang-mentha-2,4(8)-diene (2.7%). A 4 ;=1586, 205[M](5), 136(100), 91(35), 79(33), 41(30), 69(30), 109(20),
total of six compounds could not be identified although their119(17),159(10), 177(8), 187(7); n.i 5 1587, 220[M](5), 143(100), 105(65),
mass spectral fragmentation patterns have been included at th@&lL(47), 85(45), 43(44), 125(30), 71(27), 93(25), 179(15), 187(4), 205(4); n.i.
end ofTable 3 67=1779, 218[M](75), 105(100), 91(95), 157(85), 133(65), 77(60), 122(55),
Iti h .. h f a di hvil 175(48), 41(45), 189(15), 203(10); Phyllocladene isomet857, 272[M](1),
tis worth mentioning the presence of a diterpene, phyllo~g, ;40\ 55(83). 115(78), 117 (70), 129 (55), 159(53), 41(48), 77(47), 103(45),
cladene isomer, as major compound for all the samples, becausg: (40), 173(15), 187(10), 229(8), 256(5).

the presence of diterpenes as main constituent in essential oils
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is not very common. However, we have previously reported the  Andaluda. Tomo II: especies vulnerables, Consigiete Medio Ambi-
essential oil composition dfryngium bourgatii that also con- ente, Junta de Andalia; Sevilla, 2000.
tained a diterpene as principal compoUiaa]. As we proposed 3] F- Bohlmann, C. Zdero, Chem. Berich. 104 (1971) 1957.
. .. . [4] D. Drake, J. Lam, Phytochemistry 11 (1972) 2651.
in that paperk. bourgatii and NOWE. glaciale could use the 5 " ier” Nv. Thi, H. Dohnert, P. Franke, Pharmazie 30 (1975)
diterpenes as thermo regulators in winter while in summer still” ~ 105
as main constituent because it has high molecular weight thate] K. Hiller, V.B. Mach, P. Franke, Pharmazie 31 (1976) 53.
impedes its evaporation to be used as hydro regulator. This i$7] K. Hiller, K.Q. Nguyen, H. Dohnert, P. Franke, Pharmazie 32 (1977)
only a hypothesis but the natural habit of both species, moun- 184. ,
tains exposed to high temperature during the summer and l?\\f] K. Hiller, K.Q. Nguyen, P Franke, Pharmazie 33 (1978) 78.
] . . 719] H.J. Jacker, K. Hiller, Pharmazie 31 (1976) 747.
ones during the winter, could explain the presence of these kindo] o.r. simon, N. Singh, West Indian Med. J. 35 (1986) 121.
of compounds. [11] Z. Yaniv, A. Dafni, J. Friedman, D. Palevitch, J. Ethnopharmacol. 19
The origin of this genus should be very old according to its ~ (1987) 145.
diversity and wide distribution, although as far as we know therél2] S Al-Khalil, Alex. J. Pharm. Sci. 8 (1994) 73.
. . . - I 13] A. Alkofahi, A.J. Sallal, A.M. Disi, Phytother. Res. 11 (1997) 540.
is not any study abou_t its philogenetic tree. As contribution t 14] M.T. Saenz, M.A. Ferandez, M.D. Garia, Phytother. Res. 11 (1998)
that future work, we think that the presence of phyllocladene and ~ 3gg.
derivatives should be studied in detail in other species of thigl5] M.D. Garda, M.T. Saenz, M.A. @mez, M.A. Ferandez, Phytother.
genus. According to our result8, bourgatii andE. glaciale, Res. 13 (1999) 78.
species that grow in the mountains under characteristic climati¢8] E-A- Wolfe, G.A. Sherwood, K.A. Mitchell, M.P. Browne, Abstr. Pap.

o S . : Am. Chem. Soc. 220 (2000) 127.
conditions, share these principal compounds. If their chemic _lw] E.S. Menges, J. Kimmich, Am. J. Bot. 83 (1996) 185

composition is similar they should be closer in its philoge-[1g] m.E.k. Evans, E.S. Menges, D.R. Gordon, Biol. Conserv. 111 (2003)
netic tree while the species whose composition was different  23s.
should diverge before. Besides, this study should testimony if9] M. Gaudeul, P. Taberlet, I. Till-Bottraud, Mol. Ecol. 9 (2000) 1625.
these species descent from a common chemotype or if thd§®! N-A- Ayoub, M.A.M. Nawwar, K.H. Kubeczka, Poster Presented at the
have converged as an adaptation to their habitats. On the otrz?i 33rd International Symposium on Essential Oils, Lisbon, 2002.

. " ] P.A. Leclercq, N.X. Dig, V.N. L6, N.V. Toanh, J. Essent. Oil Res. 4
hand, we have also detected in low quantities 2,4,5- and 2,4,6- * (1992) 423.
trimethylbenzaldehyde, compounds that have been described[ag] K.C. wWong, M.C. Feng, T.W. Sam, G.L. Tan, J. Essent. Oil Res. 6
main or representative constituents in other specié&syfigum (1994) 369.
asE. foetidum, E. maritimum, E. expansum andE. yuccifolium [23] J.A. Pino, A. Rosado, V. Fuentes, J. Essent. Oil Res. 9 (1997) 123.

. . [24] J.A. Pino, A. Rosado, V. Fuentes, J. Essent. Oil Res. 9 (1997) 467.
and that normally appears in this gefizis—26,29,30]However, [25] AP. Martins, LR. Salgueiro, A. Progacda Cunha, R. Vila, S.

these constituents seem to be so common that they should not" cgigueral, F. Tomi, J. Casanova, J. Essent. Oil Res. 15 (2003) 93.
be used for chemotaxonomy proposes. [26] K.H. Kubeczka, N. Ayoulo, M. Grande, P. Torres, Poster Presented at
Finally, the distribution of the terpenoid compounds is also  the 29th International Symposium on Essential Oils, Frankfurt, 1998.
different between the sample§a@le 3 In the aerial frac- [27] M.1. Cobos, J.L. Rodguez, A. de Petre, E. Spahn, J. Casemeiro, A.G.
. L .. . Lopez, J.A. Zygadlo, J. Essent. Oil Res. 14 (2002) 82.

tions (E.gl.F, E.gl.SL) the distribution is the same, the dlterpen% P yo (2002)

. . . 8] J.J. Brophy, R.J. Goldsack, L.M. Copeland, J.aPRidul, J. Essent. Oil
amounts are higher with 43.5% and 41.3%, respectively, all of ~ res. 15 (2003) 392.

them hydrocarbons. This patter is the same with the sesquitep9] J. Paa-Pdil, J.J. Brophy, R.J. Goldsack, L.M. Copeland, M.&ré2-
pene fraction (40.8% and 27.6%) where the hydrocarbons are Alonso, A. Velasco-Negueruela, Aust. J. Bot. 51 (2003) 497.
the majority again (33.0% and 17.3%, respectively). AIthougH30] N.A. Ayoub, W.A. Koing, K.H. Kubeczka, Poster Presented at the 34th

. . . International Symposium on Essential Oils{i¥¥burg, 2003.
the root fraction (E.gl.R) showed also diterpenes in great amount,; ¢ sefigkon, M. Dabiri, A. Alamshahi, J. Essent. Ol Res. 16 (2004) 42.

(49.4%) the monoterpene fraction (39.3%) replace the sesquitgko] 3. paa-Pail, M<.J. Ferez-Alonso, A. Velasco-Negueruela, J. Varad
penes and it is the unique fraction where the oxygenated com- M<A. Villa, J. Sanz, J.J. Brophy, J. Chromatogr. A 1074 (2005)
pounds predominate with 24.7%. These differences could be 235.

explained as we Suggested above because the roots accumu[ﬁ?éR'P' Adams, Identification of Essential Oils Components by Gas Chro-
th m nds during the winter matography/Mass Spectroscopy, Allured Publ., lllinois, 1995.
: .R. Heller, G.W.A. Milne, ass Spectral Data Base,
€Se compounds during the winte 34] S.R. Heller, G.W.A. Milne, EPA/NIH Mass S | Data Base, US

Government Printing Office, Washington, DC, 1978. 1980, 1983.
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