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The percentage of podophyllotoxin (PTOX) and its
congener lignans were measured by HPLC in Linum
mucronatum ssp. mucronatum (Linaceae) fresh plant or-
gans. The highest amounts of PTOX (0.595 ð 0.060% g/g
dry wt) and 6-methoxypodophyllotoxin (MPTOX)
(1.491 ð 0.125% g/g dry wt) were found in the plant
sexual organs. Whereas, the highest levels of �-peltatin,
5�-demethoxy-MPTOX and yatein were found in not de-
veloped buds, petals and sepals, respectively.
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Introduction

Linaceae, one of the flowering plant families,
consists of genera including Anisadenia, Cliococca,
Hesperolinon, Linum, Radiola, Reinwardtia, Scle-
rolinon and Tirpitzia (Heywood, 1985). The genus
Linum is the largest genus in this family consisting
of a large group of herbs and sub-shrubs divided
into the sections Syllinum, Cathartolinum, Dasyli-
num, Linum and Linastrum according to classical
taxonomy based on morphological characters
(Ockendon and Walters, 1968). The occurrence of
lignans in the Linum genus is documented since
1975 (Weiss et al., 1975; Berlin et al., 1986;
Broomhead and Dewick, 1990; Wichers et al.,
1990), aryltetralin lignans occur in the section Syl-
linum (Weiss et al., 1975; Broomhead and Dewick,
1990; Mohagheghzadeh et al., 2003; Konuklugil
et al., 1999, 2001), whereas arylnaphthalene lig-
nans (Mohagheghzadeh et al., 2002) and simple
acyclic, furanofuran- and dibenzylbutyrolactone-
type lignans (Meagher et al., 1999) have been
found in the section Linum, and dibenzylbutyro-
lactone lignans has been recorded in species of

0939Ð5075/2005/0500Ð0508 $ 06.00 ” 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D

Linastrum (Mohagheghzadeh et al., 2003). All
studied species from Linum genus that produce
podophyllotoxin (PTOX) show the production
of 6-methoxypodophyllotoxin (MPTOX) besides
PTOX in different ratio (Mohagheghzadeh et al.,
2003; Konuklugil et al., 1999, 2001). Lignans are
present at different levels of abundance in plant
parts including roots, stems, leaves, petals and
flowers (Mohagheghzadeh et al., 2003).

The presence of PTOX and MPTOX was re-
ported in L. mucronatum ssp. armenum cell cul-
tures previously (Konuklugil et al., 2001). Accord-
ing to the previous work (Mohagheghzadeh et al.,
2003), the section Syllinum was divided into three
sub-groups. Our evaluation consists of the analysis
and determination of lignans in different parts of
L. mucronatum Bertol. ssp. mucronatum, one of
species belonging to the sub-group b of section
Syllinum.

Results and Discussion

The percentage contents of PTOX and related
lignans in different parts of L. mucronatum ssp.
mucronatum are summarized in Table I. The results
show a variation in the distribution and relative
abundance of lignans from plant organs. The high-
est amounts of PTOX (0.595% g/g dry wt) and
MPTOX (1.491% g/g dry wt) were found in the sex-
ual organs (p < 0.001). Furthermore, considerable
amounts of MPTOX were found in petals and not
developed buds (0.951 and 0.946% g/g dry wt,
respectively). MPTOX has been reported from dif-
ferent plant parts of Linum flavum and agar-grown
plants results showed that roots and stems are im-
portant accumulation sites for MPTOX (Wichers
et al., 1990). Like the other yellow flower Linum
spp. belonging to the sub-group b of the section Syl-
linum (Mohagheghzadeh et al., 2003), the L. mucro-
natum plant is rich in MPTOX. The highest levels of
�-peltatin (�-PLT, 0.928% g/g dry wt), 5�-demeth-
oxy-MPTOX (0.994% g/g dry wt) and yatein (YAT,
1.480% g/g dry wt) were found in not developed
buds, petals and sepals, respectively. Lignan study
in different organs will guide us to more elucidation
of the biosynthetic pathway in the plant. On the
whole, L. mucronatum ssp. mucronatum is rich in
aryltetralin lignans and the plant cultivation would
be an interesting method for the production of aryl-
tetralin lignans in the large scale.
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Experimental

Plant material

Linum mucronatum Bertol. ssp. mucronatum
(Linaceae) plant materials were collected in April
2003 from Tang-e-Abol Hayat, Shiraz-Kazeroun
road, Fars province, Iran, at an altitude of 1000 m.
Voucher specimens (No. 237) were deposited at
the herbarium of Department of Pharmacognosy,
Faculty of Pharmacy, Shiraz University of Medical
Sciences. The samples were identified by Iraj Meh-
regan (Institut für Spezielle Botanik und Bota-
nischer Garten, Johannes Gutenberg-Universität
Mainz, Germany).

Different parts of the perennial herbaceous
plant were separated carefully based on the mor-
phology for the lignan assay as follows: roots pe-
rennial thick, slightly branched and twisted; stems
up to 40 cm high, with peripheral sterile branches
at base bearing imbricate, spatulate leaves; fertile
stems bearing alternate 1Ð3 veined leaves and
ending to cymes of yellow flowers; stem leaves
5Ð30 mm long and 2Ð6 mm width, simple, linear-
oblong, mucronate to acute, basal ones smaller
than upper ones; not opened buds lanceolate,
petals are hidden by lanceolate sepals; flowers ac-
tinomorph; receptacle bearing 5 sepals, 5 petals, 5
stamens alternating with 5 staminoids, and a
5-loculate superior ovary becomes a ð spherical
capsule; sepals lanceolate, acute, 7Ð9 mm long and
1Ð2 mm width, membranous at margins; petals
yellow, 15Ð28 mm long, connected with claws at
base.

Quantitative analysis

Fresh plant materials were frozen and then lyo-
philized by freeze-dryer. Extraction and determi-
nation of lignans were performed as described by
Empt et al. (2000). PTOX, �-PLT, 5�-demethoxy-
MPTOX, MPTOX and YAT were determined at
Rt = 9.15 min, 10.12 min, 12.53 min, 13.03 min and
26.26 min, respectively. Calibration curves for
PTOX and �-PLT standards were drowning (inter-
day and intra-day injections) in the range of 0.9Ð
400 µg/ml and 0.7Ð200 µg/ml, respectively. 5�-De-
methoxy-MPTOX, MPTOX and YAT were quanti-
fied according to commercial PTOX (Roth 3946.1).
Accuracy of each quantified lignan was admitted
by retention time, co-chromatography and meas-
uring on-line UV spectra using a Thermo Quest
HPLC system (Egelsbach, Germany) equipped
with a spectra system KO 6000 LP photodiode
array detector.
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