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Abstract

Terpenoids are natural products with an important pharmacological interest, which are present in a number of medicinal plants. The species
of Sideritisgenus are valuable due to their high content in those compounds and they have been used in the Mediterranean area in folk medicine
as anti-inflammatory and anti-ulcer agents. The present study describes a gradient elution reversed-phase method that uses diode array detectic
to determine ten pharmacologically active diterpenoids occurring in 12 speSesoitis First, we studied the chromatographic behaviour of
standard diterpenoids to analyse the variation on retention time and the chromatographic properties with the mobile phase. Standard calibration
curves were generated by plotting the area of peaks against a concentration range of the compounds. Second, the validated method was applie
to the analyses of hexanic and methanolic extracts from 12 specRdaiftis which were collected from different areas of Spain. Finally,
we established for this plant a relationship between their use in folk medicine and their diterpenoid content.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Several biological actions have been reported for
diterpenes, including anti-bacterial, anti-fungal, anti-
Natural product research has lately undergone exponentialinflammatory, anti-leishmanial, cytotoxic and anti-tumour
growth owing to advances in isolation techniques and syn- [1-8]. Plants from theSideritis genus have been ex-
thetic method design, as well as the finding of a wide range tensively used in Spanish traditional medicine for their
of biological properties exhibited by these compounds. Ter- anti-inflammatory and gastroprotective properties. Several
penoids are natural products with an important pharmaco- natural products showing anti-inflammatory activity have
logical interest, which are present in many medicinal plants. been isolated from plants of this genus and they mainly
Diterpenoids are a large and ubiquitous family of isoprenoid include flavonoides[9-12] and terpenoids[1,13]. The
products; most of them found in recent years have beenfrequent hybridisations between different species make their
isolated from the Compositae and Lamiaceae families. The botanical determination in subspecies and varieties difficult,
species of genuSideritis(Lamiaceae) are valuable for their and thus, a reclassification according to the chemical
high contentin these compounds. This genus comprises aboutomposition of the plants is very necessary.
140 species distributed in several countries of the Mediter-  In the present study, diterpenoids components (serradiol,

ranean region. linearol, conchitriol, foliol, isofoliol, andalusol, lagascatriol,
tobarrol, sidol and siderol) were determined by using a
+ Corresponding author. Fax: +34 91 3 941 726. reversed-pha_se liquid chromatography. Detect_lon was per-
E-mail addresspserra@farm.ucm.es (M.PoBiez-Serranillos). formed by using a photodiode array detector. First, we stud-
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ied the chromatographic behaviour of standard compounds2.3. Extraction
to analyse the variation on retention times and the chro-
matographic properties with the mobile phase. The validated Plant extracts were performed using a maceration and per-
method was applied to the analyses of hexanic and methano<colation extraction process at room temperature. Solvents
lic extracts from differenSideritisspp., which were collected  of different polarities,n-hexane (3 mk 150 ml, 72 h) and
from different areas of Spain. methanol (3 mk 150 ml, 72 h) were used. The extracts ob-
The method permitted the identification and quantifica- tained were concentrated to dryness below@5
tion of the diterpenoids above mentioned in 12 species of the
genusSideritis by direct injection, without any prior purifi-  2.4. Apparatus: equipment
cation of the extracts. The separation by isocratic elution in
HPLC was optimised with the aim of achieving well-resolved The analyses were carried out in a Varian liquid chro-
peaks and finding a relationship between their content of ter- matograph equipped with two pumps (Model 2510), an au-
penoids and their use in folk medicine as anti-inflammatory tomated gradient controller (Varian model 2584), an injector
and anti-ulcer agents. (Rheodyne) with a 1.l loop and a photodiode array detec-
Taking into account the considerations mentioned above, tor (Varian Polychrom 9065), operating &t 220 nm. The
the aim of this work is the development of a HPLC method analytical column was a Hypersil ODS (15 cot.6 mmii.d.;
that allows not only the simultaneous determination of diter- 5um particle diameter) (Shandon Science; Astmoon, UK).
penoids, contributing to their chemotaxonomic determina- The column was kept at room temperature.
tion, but also, identification of the anti-inflammatory agents
in order to establish a relationship between the plant use in2.4.1. Chromatographic conditions
folk medicine and their content of terpenoids. The mobile phase was a mixture of water/methanol (30:70,
v/v). The flow-rate was 1 ml/min. The injection volume was
) 10l and the detector was set at 220 nm.
2. Experimental
2.4.2. Standard solutions and calibration graphs
2.1. Reagents and standards Stock solutions of an accurately weighed amount of com-
) pounds were made in methanol and stored in darknessat 4
Methanol of HPLC quality was purchased from Schar- pjjytions of different concentrations were made from those
lau (Barcelona, Spain). High-purity water was obtained by a gq|ytions.
Millipore system. Calibration graphs were obtained using six mixtures with

Solvents were filtered using 0.20n membrane filters 5| the standards at different concentrations. All samples were
(47 mm) (Millipore, Milford, MA, USA) and samples were prepared and injected in triplicate.

filtered using 0.2@um membrane filters (13 mm, Millipore,
Milford, MA, USA). All solutions were degassed priortouse. 2 4 3. Evaluation of peak purity and linearity

The diterpenoid standards (serradiol, linearol, conchitriol, 1 check the peak purity, the eluates were monitored with a
foliol, isofoliol, andalusol, lagascatriol, tobarrol, sidol and  pnotodiode array detector € 190-300 nm). The three spec-
siderol) were isolated from different species of the genus {5 corresponding to the upslope, apex and downslope of each
Sideritis[14-17] and were kindly provided by Dr. B. RO-  peak were computer normalised and superimposed. Peaks
driguez (CSIC, Madrid. Spain). _ _were considered pure when there was an exact coincidence

Standard solutions of diterpenoids were prepared in gmong the three spectra (match fact®9.5).
methanol. Fresh working standard solutions were made daily  The |inearity of the detector responses for the prepared

by appropriate dilutions of standards in methanol. standards was assessed by means of a linear regression anal-
_ ysis regarding to the amounts of each standard (measures in
2.2. Plant material ng) introduced in the loop of the chromatographic system and

the area of the corresponding peak on the chromatogram.
Sideritisspp.:S. foetensS. luteola S. almeriensisS. hir-

sutg S. leucanthavar. serratifolia, S. biflorg S. leucantha

spp.incanavar. meridionalis S. bourgeanaS. pusillassp. 3. Results
almeriensisS. ibanyezjiS. pusillassp pusillavar.granaten-
sis S. leucantha&ar.incang S. cillensisS. pusilla S. glauca As the compounds have a different polarity, the mobile

S. incanassp.incanawere collected at the flowering stage phase composition was first optimised to achieve an adequate
in the eastern Andalucia, Guadalajara and Levante (Spain).separation of 10 diterpenoids in the same chromatogram and
A voucher specimen of each species was deposited in thejater the analysis of 18ideritisspecies was carried out.
Herbarium of the Botany Department (MAF), Faculty of  The retention was influenced by the amount of methanol
Pharmacy, Universidad Complutense de Madrid, Spain. Plantjn the mobile phase, which produced changes in the column
material was left to dry at room temperature. selectivity (Table 7, mainly in the case of the most polar
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Table 1
Capacity factors and selectivity for the different compounds analysed
Diterpene Capacity factors and selectivity for each mobile phase percentage (water/methanol)

20:80 25:75 30:70 32:68 35:65 40:60

K’ o K’ o K’ K a K’ o K’ o
Serradiol 002 1 Q04 1 Q27 Q045 1 054 1 064 1
Linearol Q42 1050 071 1775 411 1522 456 1013 6.26 1159 902 1409
Conchitriol Q55 130 089 125 513 124 543 119 872 139 1167 129
Foliol 0.62 112 102 114 537 104 600 110 887 102 1236 106
Isofoliol 0.64 103 103 101 568 105 6.08 101 964 109 1419 115
Andalusol 070 109 105 102 648 114 686 112 1464 152 1819 128
Lagascatriol or3 104 120 114 729 112 7.87 114 1615 110 1983 109
Tobarrol 120 164 202 168 1574 215 1813 230 3401 210 4379 221
Sidol 154 128 250 123 1930 123 2479 137 4317 127 5351 122
Siderol 258 167 421 168 2367 123 3406 137 8393 194 9161 171

compounds. For this reason, it was considered that one of

Table 2

Variation in the retention time of terpenic compounds according to the per-

centage of methanol added to water in mobile phase

Diterpene tr (min)
20:8¢* 2578 30:7¢* 32:68 3568 40:6¢%
Serradiol 124 135 165 188 200 213
Linearol 185 222 6.65 7.23 944 1302
Conchitriol 201 246 797 836 1263 1646
Foliol 2.11 262 828 910 1283 17.37
Isofoliol 214 264 869 921 1383 1974
Andalusol 221 266 972 1022 1681 2494
Lagascatriol 25 286 107 1154 2229 2708
Tobarrol 287 393 2176 2487 4552 5823
Sidol 330 455 2638 3353 5742 7086
Sideral 466 678 3207 4557 11040 12040
a Mobile phase percentage (water/methanol).
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the mobile phase components should be water. To select its
percentage, we tested solutions in which the proportion of
water varied between 20 and 60%. It can be seen that as
the water proportion increases, an increase in the retention,
different for each compound, is produced.

As a consequence of this phenomenon, it could be de-
duced that water percentages over than 20% did not enhance
the separation, whereas those proportions higher than 50%
caused a high retention worsening the resolution, therefore,
30% of water was finally chosen.

The mobile phase composition that allowed the best sep-
aration was water/methanol (30:70) and, therefore it was fi-
nally selected. The retention times achieved on a mixture of
standards is shown ifable 2and the chromatogram is shown
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Fig. 2. Chromatogram of hexane extract Sfderitis almeriensisob-
tained using the following conditions: Column: Hypersil ODSw&

Fig. 1. Chromatogram of a standard solution. Peaks: (1) serradiol; (2) lin- (15 cmx 0.46cm); mobile phase: water/methanol (30:70); flow-rate:

earol; (3) conchitriol; (4) foliol; (5) isofoliol; (6) andalusol; (7) lagascatriol;
(8) tobarrol; (9) sidol; (10) siderol.

1 ml/min; detection: UV,A =220 nm. Peaks: (1) linearol; (2) conchitriol;
(3) isofaliol; (4) lagascatriol; (5) sidol.
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Table 3
Diterpenoids content in the methanolic extracts, expressed as a percentage of dry plant mass

Sideritis Methanolic extract

Serradiol Linearol Conchitriol Foliol Isofoliol Andalusol Lagascatriol Tobarrol Sidol Siderol

S. almerienses 0.001 0.005 0.001 0.002 0.001 0.001
S. biflora 0.001 0.003 0.001

S. bourgeana 0.058 0.002 0.001 0.001 0.009 Trazas

S. cillensis 0.001 0.003 0.009 0.001
S. incanassp.incana

S. leucanthaar.incana 0.001 0.001 0.001 0.002

S. leucanthaar. serratifolia 0.001

S. leucanthasp.incanavar. meridionales 0.002 0.001 0.001 0.001 0.002
S. luteola 0.003 0.019 0.001

S. pusilla(spike) 0.001 0.001
S. pusilla(stem)

S. pusillassp.almerienses 0.002 0.012

S. pusillassp.pusillavar. granatensis 0.001 0.001

in Fig. 1 The retention times were highly reproducible among tion of terpenoid components in the hexanic and methanolic
chromatograms, and the R.S.D.s obtained for a mixture of extracts fromSideritis spp. collected in different places of
standards in six consecutive run, were lower than 1% for all Spain. These studies were carried out using photodiode ar-

the compounds. ray detection. The identification of the different compounds
was achieved by comparison of both retention time and the
3.1. Validation of the chromatographic method absorption spectra obtained for each eluted peak with those

obtained for the standards.

Once the chromatographic conditions had been selected The concentrations of the components were calculated
the method was validated paying attention to the linearity, from the chromatogram peak areas and the results are sum-
accuracy, precision, selectivity, quantitation and stability of marized inTables 3 and 4
standards and samples.

3.2. Analyses of Sideritis spp. 4. Discussion

We found that better separation conditions were reached The plant kingdom is a potential source of terpenoids that
when water/methanol (30:70) was used as the mobile phaseact as anti-inflammatory drugs, a vast number of terpenoids
under isocratic conditionsrig. 2 shows an HPLC chro-  have been evaluated as potential anti-inflammatory molecules

matogram obtained from a crude extracbaferitis almerien- in vivo animal models and ex vivo cultures of cells compro-
sismonitored at 220 nm. Determination of ten diterpenoids mised in the inflammatory respongs8—21]
was carried out in 35 min. Terpenoids generally occur as complex mixtures, which

Once the chromatographic conditions for the separation can be extracted from the natural source by a great variety
had been set, the procedure was applied to the determinaef methods. Care must be taken during the extraction, and

Table 4
Diterpenoids content in the hexane extracts, expressed as a percentage of dry plant mass

Sideritis Hexane extract

Serradiol Linearol Conchitriol Foliol Isofoliol Andalusol Lagascatriol Tobarrol Sidol Siderol

S. almerienses 0.001 0.001 0.002 0.002 0.001
S. biflora 0.003 0.001 0.002 0.030 0.001 0.030 0.001 0.003

S. bourgeana 0.004 0.004 0.003 0.026

S. cillensis 0.002 0.008 0.001 0.002 0.001
S. incanassp.incana 0.004 0.001

S. leucanthaar.incana 0.002 0.004 0.002 0.002

S. leucanthaar. serratifolia 0.007 0.001 0.001 0.005

S. leucanthasp.incanavar. meridionales 0.002 0.004 0.001 0.033 0.002

S. luteola 0.005 0.002

S. pusilla(spike) 0.001

S. pusilla(stem) 0.005 0.032

S. pusillassp.almerienses 0.007 0.002 0.004 0.030 0.002 0.001
S. pusillassp.pusilla var. granatensis 0.001 0.004 0.004
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also during the isolation process to avoid the occurrence of [4] E. Scio, A. Ribeiro, T.M.A. Alves, A.J. Romanha, J.D. de Souza
artefacts. HPLC chromatography is often found to be the Filho, G.A. Cordell, C.L. Zani, Phytochemistry 64 (2003) 1125.

most adequate method for isolation of the pure individual [5] C:E. Feresin, A. Tapia, A. Gimenez, A. Ravelo, S. zacchino, M.

tituents in adequate amoufg&—29} Sortino, G. Schmeda-Hirschmann, J. Ethnopharmacol. 89 (2003) 73.
cons. . q [6] S. Habtemariam, BMC Pharmacol. 3 (2003) 6 (Electronic resource).
It is of great importance to develop of new methods for (7] N. Tan, M. Kaloga, O.A. Radtke, A.F. Kiderlen, S. Qizs A. Ulube-
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method for the analysis of terpenic constituents f&idreritis A. Leyva, Phytother. Res. 14 (2000) 187. .

. . o . [9] O.M. Palomino, P. Gomez-Serranillos, E. Carretero, A. Villar, J.
spp. by HPLC using suitable (water/methanol with isocratic

. . . O Chromatogr. A 731 (1996) 103.
elution) and economic mobile phase and short analysis timesy10] M. Herrandez-Brez, R.M. Rabanal, J. Ethnopharmacol. 81 (2002)
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