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SUMMARY

The capacity of a reversed-phase high-performance liquid chromatographic
system using Ultrasphere-ODS columns and a gradient of acetonitrile-water to sep-
arate sesquiterpene lactones has been studied. Retention times and capacity factors
of 33 compounds of the pseudoguaianolide and xanthanolide skeletal types occurring
in Parthenium (Asteraceae) are reported. Crude extracts of Parthenium schottii con-
taining a mixture of sesquiterpene lactones have been analyzed and separated using
the high-performance liquid chromatographic system.

INTRODUCTION

Sesquiterpene lactones are characteristic constituents of the Asteraceae but
also occur sporadically in other angiosperm families like Lauraceae, Magnoliaceae
and Umbelliferae’. During the past three decades about 1000 sesquiterpene lactones
have been isolated, identified and, in some cases, synthesized?. The information about
their bioactive properties is gradually building up. Over 50 compounds have been
evaluated for their growth inhibitory potential against numerous tumor models3.
Kupchan et al.4, Hanson et al.’ and Lee er al.5 have reported many sesquiterpene
lactones from species of Ambrosia, Artemesia, Eupatorium, Elephantopus, Helanium,
Encelia and Vernonia that exhibit antitumor and cytotoxic activity. Selective alkyl-
ation of enzymes controlling cell division was suggested as the mechanism of action.
Sesquiterpene lactones have also been shown to have schistosomicidal properties?.
Helenalin from species of Helanium was shown to exhibit activities against human
pathogenic fungi®. Growth of Staphylococcus aureus and Candida albicans (yeast)
was inhibited by lactones from Mikemia monagasensis®. Parthenin from Parthenium
hysterophorus was reported to be toxic to sporangial germination in Sclerospora gra-
minicola'®. Many sesquiterpene lactones, for instance in Parthenium, Ambrosia,
Chrysanthemum and Frullania, are known to cause allergic contact dermatitis and
constitute a major class of allergens!!. Resistance to insect feeding!2:13 and plant
growth regulation* are other biological activities of these compounds. The toxic
effect of hymenovin on sheep and goats is one example of their well known vertebrate
poisoning properties!>.
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In this study, we selected Parthenium (Asteraceae) for isolation and analysis
of sesquiterpene using high-performance liquid chromatography (HPLC). As in
many other plant taxa, sesquiterpene lactones have been used to establish chemo-
taxonomical and ecogeographical relationships in at least twenty species of Parthen-
ium'¢ and Ambrosial”. As a result of the renewed interest in natural rubber and other
chemical specialties, guayule ( P. argentatum) and its relatives are receiving consider-
able attention. In order to improve the guayule crop for rubber and resin yields,
research has been undertaken in the U.S.A. to hybridize it with more robust species
like Parthenium tomentosum, P. fruticosum and P. schottii for higher biomass; and
P. rollinsianum, P. alpinum and P. integrifolium for cold tolerance. Resin of all species
of Parthenium other than guayule and P. rollinsianum constain sesquiterpene lac-
tones. In Parthenium, only pseudoguaianolide and xanthanolide type skeletons have
been reported!®. Sesquiterpene lactones reported in various species of Parthenium
are presented in Fig. 1.

Earlier studies on isolation and identification of these compounds have been
mainly qualitative and restricted to thin-layer and customary chromatography!®—22.
HPLC appears to be a method of choice for quick, comparative and quantitative
analysis. It provides an added advantage of working with very small amounts of
material. Gas chromatography could be equally useful; however, except in a few
cases?372% it remains of limited use because the compounds are not always volatile
enough and need derivatization?¢-28_ There have been very few attempts to use HPLC
for studying this group of natural products in analytical?® and preparative scale3?:31,
The ability of a reversed-phase HPLC system to separate all reported sesquiterpene
lactones of the genus Parthenium has been investigated in this study. The efficiency
of this systern is demonstrated by analysing a crude extract of Parthenium schottii.

EXPERIMENTAL

Apparatus

Analysis was performed on Beckman gradient liquid chromatograph series 334
equipped with a 421 controller, 110 A pumps and 210 sample injection valve, and
fitted with 20- or 250-ul loops. Detection was achieved using a Hitachi 110-10 var-
iable-wavelength detector. The chromatograms were recorded on a Corning recorder
840. Retention times were obtained with a Shimatzu Model C-E1B integrator, Chro-
matographic columns consisted of either an Ultrasphere-ODS column (150 x 4.6 mm)
or an Ultrasphere-ODS preparative column (250 x 10 mm) equipped with an Altex
precolumn (45 x 4.6 mm).

Elution

Two solvents were used: acetonitrile (A) and water (B). The elution profile for
the analytical column was as follows: 0-20 min, 10-25% A (linear gradient); 24-27
min, 25-40% A (linear gradient); and 40% A maintained after 27 min. In the prep-
arative column, the system was modified as follows: (-18 min, 25% A (isocratic);
18-21 min, 25-40% A (linear gradient); and 40% A from 21 to 36 min (isocratic).
The flow-rate was 1 ml/min for the analytical column and 4 ml/min for the prepar-
ative column.
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Fig. 1. Sesquiterpene lactones from Parthenium.
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TABLE I
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RETENTION TIME, CAPACITY FACTOR AND PLANT SOURCES OF SESQUITERPENE LACTONES

tg = Retention time:; &' = capacity factor.

Sesquiter-  Substance tg (min) k' Source Plant source
pene No. reference®
1 Tetraneurin E 8.37 325 1 Parthenivm confertum. P. integrifolium, P.
Sruticosum var. trilobatum
2 Conchosin A 8.44 328 1 P. confertum var. microcephalum
3 Tetraneurin C 11.35 476 1 P. alpinum, P. fruticosum var. trilobatum, P.
integrifolium, P. lozanianum
4 Ivalbatin 11.82 500 2,3 Iva dealbata, P. incanum (Nevada)
5 Hymenin 13.61 591 1 Hymenoclea saisola, P. confertum
6 Tetraneurin A 13.88 6.04 1 P. alpinum, P. cineraceum, P. confertum, P.
Jfruticosum
7 Tetraneurin D 14.56 639 1 P. lozanianum, P. fruticosum P. schottii
8 Conchosin B 14.75 648 1 P. confertum
9 Cumanin 15.65 694 2 P. incanum (Nevada), Ambrosia artemisiifol-
ia, A. psilostachya
10 Tetraneurin B 16.04 7.14 1 P, alpinum, P. fruticosum, P. ligulatum, P.
lozanianum, P. schottii
11 Hysterin 16.49 737 1 P. bipinnatifidum, P. confertum
12 Parthenin 18.78 8353 1 P. hysterophorus, Iva nevadensis
13 Ligulatin C 18.99 864 1 P. tomentosum var. tomentosum, P. cinera-
ceum
14 Coronopilin 19.73 901 1 A. psilostachya, A. dumosa, A. arborescens, A.
artemisiifolia, P. schottii, P. incanum, Hymen-
oclea saisola, Iva acerosa, I. nevadensis, Cyclo-
chaena xanthifolia
15 Bipinnatin 20.55 943 1 P. bipinnatifidum
16 Qaxin 26.71 12.55 1 P, tomentosum var. tomentosum
17 Ambrosin 27.11 1276 1 A. maritima, A. cumanensis, A, hispida, A. ja-
maicensis, A, psilostachya, Iva xanthifolia, P.
bipinnatifidum, P. incanum, Hymenoclea sal-
sola, H. monogyra
18 Stramonin D 27.18 1279 1 P. fomentosum var, stramonium
19 Tetraneurin F 27.23 1282 1 P. confertum
20 Cumanin 3-acetate 27.57 1299 2 A. psilostachya, P. incanum (Nevada)
21 Stramonin E 28.49 1346 1 P. tomentosum var. stramonium
22 Ligulatum B 30.08 1426 3 P. tomentosum var. tomentosum, P. incanum,
P. ligulatum
23 Chiapin A 30.31 14.38 1 P. fruticosum var. fruticosum
24 Chiapin B 30.39 1442 1 P. fruticosum var. fruticosum
25 Conchosin C 30.45 1445 1 P. confertum
26 Conchosin D 30,50 1448 1 P. confertum
27 Ivalbatin acetate 30.78 1462 2,3 P. fruticosum var. trilobatum, P. incanum
{Nevada)
28 Stramonin B 31.83 1515 1 P. tomentosum var. stramonium
29 Cumanin 3,4-diacetate  33.57 16.04 2 P. incanum (Nevada), A. psilostachya
30 Hysterin acetate 33.73 16.12 1 P. bipinnatifidum
31 Confertin 33.85 16.18 1 P. schottii, A, confertiflora
32 Damsin 34.14 16.33 1 A. maritima, A. hispida, A. cumanensis, A.
ambrosiodes, A. arborescens, A. chenopodi-
ifolia, A. deltoidea, A. jamaicensis, P. bipin-
natifidum,
33 Tomentosin 35.52 17.03 1 P. tomentosum var, tomentosum, Inula helen-

ium, I. royleana

* Source references: 1 = E. Rodriguez, sample collection; 2 = Parthenium incanum (Neveda), H. M. Behl,
B Marchand and E. Rodrigiéz, subnitted for publication; 3 = Parthenium tomentosum var. tomentosum compounds

provided by Dr. Ortega (Mexico).
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Detection
The UV detector was set at 215 nm. This wavelength was found to be a reason-
able average of A, for all sesquiterpene lactones investigated.

Samples

Standards were dissolved in methanol and applied to the column. The sources
of all sesquiterpene lactones are given in Table 1. Leaves and inflorescences from
two-year-old P. schottii plants growing in a greenhouse were collected. The specimens
have been deposited in the University of California Riverside herbarium. Samples
(100 g) of the air-dried materials were extracted in 500 ml of chloroform using a
tissue homogenizer (Brinkman Instruments) for 5 min. The filtrate was evaporated
and dissolved in 100 ml of methanol. The suspension was filtered through Millipore
before injection.

RESULTS AND DISCUSSION

The retention times of 33 sesquiterpene lactones occurring in Parthenium, are
reported in Table I. As the retention times of most of the compounds are between
14 and 31 min, a mixture of sixteen sesquiterpene lactones covering all range of
polarity was selected to present a single run separation (Fig. 2). As no particular
species of Parthenium is reported to have more than seven sesquiterpene lactones,
there is a little likelihood that some compounds would overlap in a particular taxon
using the suggested system,

In the initial approach to this system, RP-18 and RP-8 analytical columns were
used. In order to use HPLC at preparative scale, we developed a system using an
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Fig. 2. HPLC separation of sixteen sesquiterpene lactones from Parthenium. Numbers correspond with
those in Table I.
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RP-18 column of larger diameter (10 mm}). As reported in the experimental part, it
was necessary to increase the flow-rate and slightly modify the elution system for the
preparative column. As observed, an equally good separation was achieved by using
relatively higher initial concentrations of acetonitrile. This system even proved to
give a better resolution for “stubborn pairs” such as tetraneurin A and tetraneurin
D, previously not separated in the analytical column. In order to complete analysis
within a reasonable time period, the non-polar compounds were eluted in both sys-
tems by rapidly increasing the amount of acetonitrile (40% in 3 min). However, the
separation could be further improved by decreasing the slope of the gradient.

The retention time of each compound could be explained as a result of the
competition between hydrophobic interactions with the stationary phase and hydro-
gen bonding with the solvent. The basic skeleton of the sesquiterpene lactones in-
vestigated being a common feature, different degrees of oxidation in C;, C,, C4, Cy4
and C,s positions are pertinent to explain the sequence of elution. As expected,
damsin eluted very late (34.14 min) from the column. When an OH group is present
in position C,, the oxygen being a hydrogen bond acceptor, the retention time of
coronopilin happens to be 14.41 min less than damsin. If the carbonyl in position C,
becomes «, 8 unsaturated, this leads to a slight increase of polarity which explains the
difference of 0.95 min between the coronopilin and parthenin retention times. The
oxidation of C;s increases the polarity much more and effects the retention time by
a few minutes (difference between parthenin and conchosin B is 4.03 min). The same
change of polarity could be expected when C,, is oxidized and thus a difference of
4.06 min in retention times between damsin and ligulatin B was observed. The higher
polarity of tetraneurin E versus tetraneurin F is probably due to the alcohol which
behaves as a better hydrogen bond attractor than the carbonyl group. However, in

B ,C E

| U el

) ) 20 30 38 min

Fig. 3. HPLC chromatogram of crude extract of P. schottii. Peaks: A = tetraneurin D; B = tetraneurin
B; C = coronopilin; D = ligulatin B; E = confertin.
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TABLE 1T
SESQUITERPENE LACTONE ANALYSIS OF P. SCHOTTII

Compound Retention time Concentration
(min) (mg/g dry weight)

Tetraneurin D 14.66 39

Tetraneurin B 15.99 8.9

Coronopilin 19.77 29.2

Ligulatin B 30.00 0.5

Confertin 33.83 574

some cases a strong internal hydrogen bond can be formed between an OH and a
carbonyl group resulting in lack of interaction with the solvent. An example of this
phenomenon is the smaller retention time of tetraneurin C. Following the above
general “‘rules” we were able to predict most of the relative retention times reported
in this study. However, differences of polarities with only a change of configuration
in Cy, as in hymenin and parthenin, could not be explained.

Sesquiterpene lactones analysis of the crude extract of Parthenium schottii was
undertaken in order to prove the efficiency of this method. The only purification
required was the precipitation of waxes in methanol to avoid plugging of the column.
A very neat separation of all the sesquiterpene lactones present in this species was
achieved as shown in the chromatogram in Fig. 3. Different constituents extracted
using this preparative technique were identificd as tetraneurin B, tetraneurin D, co-
ronopilin, ligulatin B and confertin. The structures were confirmed by the 'H nuclear
magnetic resonance and infrared spectra and were found to be identical to those of
known standards. The sesquiterpene lactone profile from this species was in accord-
ance with an earlier report by Rodriguez et al.??. Other components detected in
HPLC chromatogram were isolated but proved not to contain any lactone moiety.
The reported sesquiterpene lactones were quantified by HPLC using external stan-
dards; the results are reported in Table 11

The HPLC system suggested in this study can be used to detect and identify
new compounds present even in small amounts in various species of Parthenium. As
it is far less time consuming and more precise than routine chromatography, it pro-
vides a good tool for quantification of sesquiterpene lactones in different parts of
plants or seasonal variation studies. As the compounds investigated in the system
cover a wide range of polarity, sesquiterpene lactones from other genera most prob-
ably could be separated following the above procedure. Experiments to screen species
of Parthenium and Ambrosia are in progress in this laboratory.
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