
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iphb20

Pharmaceutical Biology

ISSN: 1388-0209 (Print) 1744-5116 (Online) Journal homepage: informahealthcare.com/journals/iphb20

Dynamics of Coumarin Production in Leaves of
Diploid and Tetraploid Matricaria chamomilla.

Andrea Pastírová, Miroslav Repcák & Adriana Eliasová

To cite this article: Andrea Pastírová, Miroslav Repcák & Adriana Eliasová (2005) Dynamics
of Coumarin Production in Leaves of Diploid and Tetraploid Matricaria chamomilla.,
Pharmaceutical Biology, 43:3, 205-208, DOI: 10.1080/13880200590928762

To link to this article:  https://doi.org/10.1080/13880200590928762

Published online: 07 Oct 2008.

Submit your article to this journal 

Article views: 377

View related articles 

https://informahealthcare.com/action/journalInformation?journalCode=iphb20
https://informahealthcare.com/journals/iphb20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1080/13880200590928762
https://doi.org/10.1080/13880200590928762
https://informahealthcare.com/action/authorSubmission?journalCode=iphb20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iphb20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1080/13880200590928762?src=pdf
https://informahealthcare.com/doi/mlt/10.1080/13880200590928762?src=pdf


Dynamics of Coumarin Production in Leaves of Diploid

and Tetraploid Matricaria chamomilla

Andrea Pastı́rov�aa, Miroslav Repc�aak, and Adriana Eliasov�aa

Department of Botany, Institute of Biology and Ecology, Faculty of Science, P. J. Saf�aarik University, Kosice,
M�aanesova, Slovak Republic

Abstract

The content of herniarin, (Z)- and (E)-2-b-D-gluco-
pyranosyloxy-4-methoxycinnamic acid, umbelliferone,
chlorogenic acid, and (Z)- and (E)-ene-yne-dicycloether
was evaluated in Matricaria chamomilla L. leaf rosette
in relation to the leaf age. Developmental changes of
the herniarin quantity in diploid and tetraploid cultivar
were similar. The highest content of (E)-2-b-D-glucopyr-
anosyloxy-4-methoxycinnamic acid was found in the
youngest leaves. The amount of umbelliferone and
chlorogenic acid increased with the leaf age. Differences
in amount of (Z)- and (E)-ene-yne-dicycloether between
tetraploid and diploid plants were significant in all
leaf pairs. However, their content during the leaf
development was not considerably changed, contrary to
coumarins.

Keywords: Coumarins, leaf development, ploidy, Matri-
caria chamomilla.

Introduction

The initiation of leaf differentiation from the shoot api-
cal meristem during plant development and its arrange-
ment and shape are controlled by a genetic pattern
termed phyllotaxy (Hake & Jackson, 1995). The content
of secondary metabolites is also modified by resizing and
functional maturity in developing leaves. It often
depends on enzymatic processes in plant tissues after
the corresponding gene expression (Gross et al., 2002).

Matricaria chamomilla L. (Asteraceae) is a widely
known medicinal plant used mainly for its anti-
inflammatory and spasmolytic activities, which are
attributed to the various secondary metabolites
(Schilcher, 1987). Apart from flavonoids, sesquiterpenes,

and polyacetylenes, coumarins are also important
constituents of chamomile. Polyploidization is one of
the methods for increasing production potential. A
higher content of active substances was expected in tetra-
ploid types of healing plants in comparison to diploid
ones. Matricaria chamomilla tetraploid cultivars are
characterized by a higher yield of flower drug than dip-
loid plants, but studies of increases of secondary product
content have been ambiguous (Chl�aadek & Rod, 1958;
Svehlı́kov�aa et al., 2000). Differences between chamomile
cultivars were also confirmed by Seider-Lozykowska
(2003) in some morphological trains (e.g., flowerhead
diameter, 100-flowerhead weight, stoma length).

The objective of this study was to evaluate the dynam-
ics of production of the coumarins and some other meta-
bolites and examine differences in the patterns of
quantity during development of leaf rosette in chamo-
mile cultivars with different ploidy levels.

Materials and Methods

Plants of tetraploid cultivar ‘‘Lutea’’ and diploid cultivar
‘‘Novbona’’ of Matricaria chamomilla L. were cultivated
individually in plastic pots filled with soil under labora-
tory conditions (12-h photoperiod, soil moisture 60%
of water-holding capacity). Nine-week-old plants were
collected in the stage of leaf rosette. Individual leaves
(12) from the oldest (outer) to the youngest (inner) ones
were taken from the rosette of each plant and dried
(110�C, 1.5 h). Samples consisted of a pair of subsequent
leaves from each plant. Methanol extracts of dry homo-
genized leaves were prepared. Gradient high perform-
ance liquid chromatography (HPLC) was used to
estimate studied compounds [column Tessek SGX C18
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7 mm (4� 250, Prague, Czech Republic), flow rate
0.8mL=min]. The mobile phase was a mixture of A,
acetonitrile:water:CF3COOH (19:80:0.007); B, aceto-
nitrile:water (4:6); and C, acetonitrile:water (9:1). All
solvents were gradient grade (Merck, Darmstadt,
Germany). The elution program was from 100% A to
100% B (25min), from 100% B to 100% C (5min),
isocratic 100% C (5min), and from 100% C to 100%
A (10min). Detection was performed at 320 nm. Chloro-
genic acid (Fluka, Buchs, Switzerland), herniarin (Extra-
synthese, Genay, France), and umbelliferone (Merck)
standard compounds were used for the quantification.
Herniarin glucoside precursors (Z)- and (E)-2-b-
D-glucopyranosyloxy-4-methoxycinnamic acids (GMCA)
and (Z)- and (E)-ene-yne-dicycloethers were prepared
and identified as described in previous studies (Repc�aak
et al., 1999, 2001). (Z)- and (E)-ene-yne-Dicycloethers
were evaluated as a sum of both isomers.

All statistical analyses were performed using ANOVA
(LSD, multiple range test). Experiments were conducted
with 20 plants of each cultivar.

Results and Discussion

Chamomile rosette leaves of diploid and tetraploid
plants significantly differed in dry weight. As may be
seen from Table 1, the first to fourth mature leaves were
lower in weight and size than the fifth to eighth ones. The
next four leaves were immature in development.

The content of estimated metabolites of Matricaria
chamomilla leaf rosette was changed in relation to the
leaf age (Figs. 1 and 2). The course of quantitative
changes of herniarin in diploid and tetraploid cultivar
was similar (Fig. 1a). Its maximum content was observed
in the leaf pair 9þ 10: 0.26mg=g d.m. in tetraploid
cultivar and 0.15mg=g dry mass (d.m.) in diploid one.

In regard to the content of (Z)- and (E)-2-b-D-gluco-
pyranosyloxy-4-methoxycinnamic acid, the glucoside
precursor of herniarin, no significant differences between
cultivars were observed (Fig. 2). It is remarkable that the

(E)-isomer content increased and its maximum amount
in the youngest leaves was approximately 6-times higher
than that of the (Z)-isomer.

The amount of umbelliferone increased with the leaf
age in tetraploid as well as in diploid chamomile with
maximum in the oldest leaves (Fig. 1b). Higher content
of umbelliferone in 1þ 2 and 3þ 4 leaf pairs of diploid
plants in comparison with tetraploid ones was statisti-
cally significant.

Similar patterns of accumulation of (Z)- and (E)-2-b-
D-glucopyranosyloxy-4-methoxycinnamic acid and its
product herniarin in the youngest leaves support the the-
sis about their importance in defense of the immature
organ. A distinct role in defense may be proposed for
umbelliferone, which was identified as phytoalexin in
some species of plants (Afek et al., 1999; Clerivet &
Alami, 1999).

The dynamics of chlorogenic acid content is displayed
in Figure 1c. Its maximum was observed in the oldest
leaves and the minimum in the youngest leaves. Higher
content of chlorogenic acid was found in diploid plants
(from 4.6mg=g d.m. to 0.77mg=g d.m.) compared to
tetraploid cultivar (from 2.7mg=g d.m. to 0.2mg=g
d.m.). These differences were statistically significant in
the range from the oldest leaves 1þ 2 to the leaf pair
9þ 10. Chlorogenic acid and its isomers levels were
increased in apoplast of tobacco leaves during ageing
(Takahama et al., 1999).

All leaves of tetraploid cultivar contained more (Z)-
and (E)-ene-yne-dicycloether (from 0.99mg=g d.m. to
1.37mg=g d.m.) than those of diploid one (from
0.41mg=g d.m. to 0.68mg=g d.m.; Fig. 1d). Differences
in amount of (Z)- and (E)-ene-yne-dicycloether between
tetraploid and diploid plants in all leaf pairs were statisti-
cally significant. On the other hand, the content of
dicycloether was not considerably changed during leaf
development, contrary to coumarins. This polyacetylene
is a specific constitutive secondary metabolite of chamo-
mile, present in all organs (Reichling et al., 1984).

Published data about quantitative changes of
secondary metabolites during ageing are infrequent.

Table 1. The changes of leaf pairs dry weight (mg) of tetraploid and diploidMatricaria chamomilla plants from the oldest outer leaves
(1þ 2) to the youngest inner leaves (11þ 12).

Tetraploid Diploid

Leaf pair x sx min max x sx min max t value p

1þ 2 3.7 0.89 2.7 5.0 1.7 0.38 1.2 2.2 6.615 <0.001
3þ 4 8.7 1.54 6.4 10.8 4.8 1.47 2.6 7.7 5.976 <0.001
5þ 6 11.5 1.61 9.5 15.0 8.1 2.10 5.4 11.1 4.028 <0.001
7þ 8 10.7 1.90 8.2 14.8 9.3 2.59 4.3 12.8 1.336 0.200
9þ 10 7.4 1.89 4.1 11.1 7.4 1.66 3.8 10 �0.085 0.934
11þ 12 3.6 1.88 1.4 6.3 3.2 1.33 1.7 5.6 0.485 0.633

x, average; sx, standard deviation; min, minimal value; max, maximal value.
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Developmental changes of the monoterpene composition
were studied in parts of Mentha� piperita leaves of dif-
ferent age. The analyses showed that all these dynamic
changes started at the distal extremity of the leaf and
shifted progressively toward the base (Voirin & Bayet,
1996). The changes in glucosinolates sinigrin and glucor-
aphanin contents were found in Brassica species during
plant development. Sinigrin concentration in B. juncea
(L.) Czern. and B. nigra (L.) Koch. decreased from
seedling to early flowering stage, increased in the late
flowering stage, and then decreased again during the seed
maturation. The concentration of glucoraphanin in B.
oleracea var. italica Plenck decreased from the start of

Figure 1. Changes of (a) herniarin, (b) umbelliferone, (c)
chlorogenic acid, and (d) ene-yne-dicycloether in the leaf pairs
of tetraploid (T) and diploid (D) Matricaria chamomilla plants
during leaf rosette ontogeny from the oldest outer leaves (1þ 2)
to the youngest inner leaves (11þ 12). Points sharing the same
letters are not significantly different (LSD test, p ¼ 0.05).

3

Figure 2. Changes of (Z)- and (E)-2-b-D-glucopyranosyloxy-4-
methoxycinnamic acids in the leaf pairs of tetraploid and dip-
loid Matricaria chamomilla plants during leaf rosette ontogeny
from the oldest outer leaves (1þ 2) to the youngest inner leaves
(11þ 12). Points sharing the same letters are not significantly
different (LSD test, p ¼ 0.05).
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seed germination to the flowering stages (Rangkadilok
et al., 2002).

The changes of secondary metabolite patterns during
leaf rosette development of Matricaria chamomilla have
not been studied. However, phases of anthodia develop-
ment were often chosen for evaluation of some metab-
olite accumulation. Repc�aak et al. (1998) determined the
content of herniarin after acid hydrolysis of (Z)- and
(E)-2-b-D-glucopyranosyloxy-4-methoxycinnamic acid in
four phases of anthodia. The percentage of the com-
pound decreased significantly during the ontogenesis of
anthodia both in diploid and tetraploid varieties of
chamomile.

Differences in secondary metabolites (herniarin,
umbelliferone, chlorogenic acid) content between diploid
and tetraploid cultivars found in some developmental
stages of leaves were similar to differences of essential
oil content in developing anthodia (Repc�aak et al.,
1993). On the other hand, independence of (Z)- and
(E)-2-b-D-glucopyranosyloxy-4-methoxycinnamic acid
content on ploidy in leaves was in agreement with our
previous results concerning anthodia (Repc�aak et al.,
2001).
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