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Summary

Achyrocline flaccida (Weinm.) DC. (Asteraceae) is a medicinal plant species, commonly known as yellow marcela.
It is a rich source of flavonoids and other secondary metabolites with antioxidant properties. Their inflorescences
are used as remedies in folk medicine for the treatment of a variety of human ailments. In fact, the permanence of
this species is threatened by the increased interest of medicinal herb collectors. Thus, techniques which could
provide vegetative propagated material for commercial use are necessary, and in vitro-propagation is a valuable
method for producing large numbers of genetically uniform, pathogen-free plants in a short time. Moreover, the
production of Achyrocline secondary metabolites is crucial for research and commercial large scale production
since they are controllable systems and easy to scale up. Besides productive aims, cell culture suspensions are
valuable tools to investigate metabolic pathways involved in secondary metabolites synthesis and to discover new
bioactive molecules. The aims of this study were the optimization of a method to propagate in vitro plant of A.
flaccida and the establishment of cell suspension cultures to determine the optimal culture conditions in order to
improve cell growth as a first step toward secondary metabolites production. It was concluded that DKW without
growth regulators is the optimal medium for micropropagation of this species. Friable callus formation was optimized
in MS supplied with 0.5 mg L' 2,4-D while cell suspensions were better obtained and maintained in DKW supplied
with 1mg L' 2,4-D.
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Resumen

Establecimiento de suspensiones celulares de Achyrocline flaccida
(Weinm.) DC. (Asteraceae) y condiciones para su micropropagacion

Achyroclineflaccida (Weinm.) DC. (Asteraceae), cominmente conocida como marcela amarilla, es una especie de
importancia medicinal debido a su alto contenido de flavonoides y otros metabolitos secundarios con propiedades
antioxidantes. Sus inflorescencias son usadas para el tratamiento de un gran nimero de enfermedades, lo que ha
conducido a considerar esta especie en riesgo de extincion debido al gran interés de los colectores de hierbas
medicinales. Por esta razon, es muy importante el establecimiento de técnicas de propagacion vegetativa con fines
comerciales, que permitan la produccion de un gran nimero de plantas, libre de patdégenos, y en un corto plazo.
Ademas, la produccion directa de metabolitos secundarios de Achyrocline es crucial para la investigacion y la
produccion con fines comerciales ya que son sistemas controlados donde es posible aumentar facilmente la escala
de produccion. Ademas de ser utilizados con fines comerciales, los cultivos de células presentan grandes ventajas
como sistema para el estudio de vias metabdlicas y el descubrimiento de nuevas biomoléculas. Los objetivos de este
trabajo fueron la optimizacion de métodos de micropropagacion in vitro de A. flaccida y el establecimiento de
suspensiones celulares para determinar las condiciones 6ptimas de crecimiento celular como primer paso hacia la
produccion de metabolitos secundarios. Se determindé que DKW sin reguladores del crecimiento es el medio ade-
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cuado para la micropropagacion de esta especie. La obtencion de callos friables se optimizé en medio MS suplemen-
tado con 0.5 mg L' de 2,4-D mientras que las suspensiones celulares se obtuvieron y mantuvieron en medio DKW

suplementado con 1 mg L' de 2,4-D.

Palabras clave: reguladores del crecimiento, cultivo in vitro, callo friable

Introduction

Achyrocline flaccida (Weinm.) DC. (Asteraceac) is
a medicinal plant species, native of Brazil, Paraguay,
Argentina and Uruguay (Bandoni, 2002). It is commonly
known as yellow marcela and their inflorescences are
used as remedies in folk medicine for the treatment of
a variety of human ailments. They are used as medici-
nal tea and are widely known for their choleretic,
antispasmodic and digestive actions (Toursarkissian,
1980; Kadarian et al., 2002). Other medical properties
have been related to Achyrocline species, such as:
antioxidant, anti-microbial, antiherpetic, anti-HIV,
hepatoprotective, antihyperglycemic, immunostimulant,
insecticidal and molluscicidal (Gutkind et al., 1981;
Wagner et al., 1985; Garcia et al., 1990; Puhlmann et
al., 1992; Desmarchelier et al., 1998; Garcia et al.,
1999; Hnatyszyn et al., 1999; Carney et al., 2002;
Gugliucci and Menini, 2002; Ruffa et al., 2002).

Phytochemical analyses of Achyrocline spp.
demonstrated that they are a rich source of secondary
compounds, including terpenoids, phenylpropanoids
and flavonoids (Ferraro et al., 1981; Mesquita et al.,
1986; Broussalis et al., 1989). Initially, chemistry
studies identified many poliphenols such as: galangin,
galangin-3-mehtyl ether, quercetin, quercetin-3-methyl
ether, caffeic acid, two esters of calleryanin (3,4-
dihydroxybenzyl alcohol 4-glucoside) and
protocatechuic acid (Ferraro et al., 1981 and Broussalis
et al., 1989). Mesquita et al. (1986) isolated two new
flavonoids: 5-hydroxy-3,6,7-trimethoxyflavone
(alustin) and 5,7,8-trimethoxyflavone which are
considered very rare flavonoids. A. flaccida is the only
Achyrocline species with epoxybutoxy derivatives,
which are difficult to find in other plant species
(Broussalis et al., 1989). Recently, Retta et al. (2008)
studied quantitative and qualitative composition of
essential oil in A. flaccida and demonstrated that it is a
rich source of a-pinene and P-caryophyllene.

Considering analytical and biological studies, A.
flaccida has demonstrated to be a valuable source of
pharmaceutical and cosmetically interesting molecules.
For these reasons this species is threatened by the
increased interest of medicinal herb collectors.

Therefore, techniques which could provide vegetative
propagated material for commercial use and for possible
reintroduction are very important. In vitro-propagation
is consideres a valuable method for producing large
numbers of genetically uniform, pathogen-free plants
in a short time. Moreover, the production of A. flaccida
secondary metabolites in a high quantity and quality
manner, is an important challenge in order to cover
market demands. Cell suspension culture is a suitable
alternative since they are controllable systems and
feasible to scale up (Roberts and Shuler, 1997). The
development of plant cell culture systems for the
production of high value chemicals was driven by the
possibility to manipulate the culture conditions to lead to
high flux into secondary metabolic pathways, and then to
be able to grow such cultures in large scale bioreactors
(Sudha and Ravishankar, 2002). Important metabolites,
such as paclitaxel (Taxol) are being successfully produced
in cell suspension cultures using elicitors to increase
product yield (Zhong, 2002). Besides productive aims, cell
culture suspensions are helpful tools to investigate
metabolic pathways involved in secondary metabolite
synthesis and to discover new bioactive molecules.

The aim of this study was the optimization of a
method to propagate in vitro plant cell growth as a first
step toward secondary metabolite production.

Materials and methods

Plant material and surface sterilization

Seeds were collected from a population of A. flaccida
situated at the nursery of medicinal and aromatic plants
of the National Agricultural Research Institute (INIA)
in Las Brujas, Canelones, Uruguay. They were surface
sterilized by immersions on 20 % (v/v) hypochlorite
solution for 15 min under continuous agitation. They
were immediately rinsed three times with sterile distilled
water and germinated on MS (Murashige and Skoog)
medium (Murashige and Skoog, 1962).

In vitro culture and micropropagation

Cultures were initiated in 25 x 150 mm test tubes.
Afterwards, they were transferred to 300 ml glass jars
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for shoot proliferation. Inorganic and organic media
constituents, growth regulators, and their interactions
were investigated.

Plants were micropropagated by cutting internodal
segments which were located in new media. Three salt
media were tested: MS, Driver and Kuniyuki Walnut
(DKW) (Driver and Kuniyuki, 1984) and Woody Plant
Medium (WPM) (Lloyd and McCown, 1981). The effect
of cytokinin 6-benzylaminopurine (BAP) was evaluated
by adding 0.3 mg.L"' to each medium. All the media
contained 30 g L' of sucrose and 8 g L' of agar for
solidification. The pH was adjusted to 5.8 before
autoclaving (1.1 kg cm? at 121° C for 20 min). Plants
were grown at 22 + 2° C with 16-hour photoperiod under
3 nmol m? s*! photosynthetic photon flux. Growth was
assayed after 4 weeks considering the fresh weight (FW),
morphology and presence of plant hyperhydricity. FW
data were analyzed with ANOVA.

Determination and optimization of callus induction
medium

Calli were established by culturing segments leaves
excised from aseptic seedlings. Leaves of five weeks
old plants were cut into 0.5 cm? segments and placed
upside down in Petri- dishes containing MS solidified
with 0.8 % agar (Agar Chile) and supplemented with
casein (250 mg L"), 2,4-dichlorophenoxyacetic acid
(2,4-D) and kinetin (KIN). Three 2,4-D concentrations
(0.5 mg L' 1.0 mg L'; 1.5 mg L"), two KIN
concentrations (0.5 mg L*'; 1.0 mg L") and all possible
combinations were tested. Each treatment contained 4
replications with 10 explants per replication. Cultures
were maintained at 22 + 2° C with 16-hour photoperiod
under 3 nmol m s”' photosynthetic photon flux. After
4 weeks, callus number (percentage), friability and FW
was determined. FW data were analysed with ANOVA.

Generation of cell suspensions and establishment
of optimal cell growth conditions

Friable callus (1 g wet weight) was transferred to
50 ml of MS and DKW liquid medium in 300 ml
Erlenmeyer flask closed with aluminium foil. The media
was amended either with 1 mg L 2,4-D or 0.3 mg L"!
BAP in order to analyze different growth regulators. They
were incubated under 16-hour photoperiod at 22 +2°C
on an orbital shaker model SLR-25T (Ikeda Scientific
Co. Ltd) at 120 rpm. Cell growth was determined by
measuring cell suspension FW and dry weight (DW)
every 3 days over 37 days. Three mL of culture were
taken from each flask and filtered through a filter paper

(Whatman ® No. 1) under vacuum suction. The DW
was calculated after drying the samples at 65° C for 48
h. The values obtained are the mean of the three
replicates.

Growth rates (i) were calculated according to the
equation for exponential growth cultures:

p=In (WI1/W2)/t2-t1 (Singer et al., 1985).

Results and discussion

Plant in vitro culture and micropropagation

Considering A. flaccida seeds small size, the very
thin tegument thickness and the hardness of the
sterilization method it was expected very low
germination rate. Nevertheless, 100 % of seed
germination was obtained 10 days after disinfection and
all plants were able to grow on different culture media.
In order to asses the best growth medium, three
parameters were considered: fresh weight, morphology
and hyperhydricity. In all cases, plant fresh weight was
higher in media supplied with BAP respect to the same
medium without the regulator (Table 1). However, BAP
induced shorter internodes, forming very compact
structures and all plant showed high degree of
hyperhydricity (Figure 1). Hyperhydricity, also known
as vitrification, is a morphological, anatomical and
physiological malformation that makes the plant tissue
water-swollen (Paques and Boxus, 1987). The
phenomenon has been correlated to water availability,
microelements and/or hormonal imbalance in the tissue
culture medium (Kataeva et al., 1991).

Media salt composition also affected plant
development. The best plant performance was obtained

Table 1. In vitro plant development: average fresh
weight in different culture media.

Fresh weight (mg)

Media Without BAP 0,3 mg L' BAP

DKW 300,4 +43,8 b 606,3 + 55,1 ¢
MS 150,0+7,1a 360,0 + 70,7 b

WPM 275,0+£629b 461,9+40,4d

The value corresponds to the mean and the standard error. Different
letter indicate significant differences between treatments.
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Figure 1. Invitro plants of Achyrocline flaccida grown
in different culture media.

in DKW compared to WPM and MS. Considering FW,
DKW and WPM did not showed any differences but
plants grown in DKW presented better structure. DKW
and WPM contain lower concentration of nitrogen,
either nitrate or ammonium, and potassium in
comparison to MS. These concentrations resemble na-
tural conditions where Marcela normally grows.
Possibly high nitrogen or potassium concentrations
inhibit plant development. In addition, the content of
other nutrient such as calcium, and specially
micronutrient as chloride and iodide, are considerable
different among these media. Iodide and chloride are
only present in MS and they may be the responsible of
plant growth inhibition. In conclusion, the best salt
medium for A. flaccida micropropagation is DKW
without any plant regulator.

Establishment of cell suspension cultures

Despite of the results obtained with entire plants, it
was not possible to get friable callus on DKW media.
In fact, these results confirm that organogenesis and
callus formation optimal conditions differ, since both
physiological processes are completely different. The
only media where friable callus were formed was MS.
Consequently it was selected for callus formation. After
4 weeks callus were induced in all media containing
2,4-D and KIN. However, there were significant
differences among treatment. Table 2 shows the
percentages of callus formation and the average of callus
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Table 2. Parameters of callus induction in different
treatment.

Concentration of Callus fresh Percentage of
growth regulator weight callus formation
(mg L'2,4-D/KIN)
0/0 - 0
0.5/0 210,1+£5,1a 82,5
1.0/0 121+5,0b 62,2
1.5/0 211,2+3,7a 88,9
0/0.5 - 0
0.5/0.5 38,2+3,3¢ 40
1.0/0.5 38,0+1,2¢ 70
1.5/0.5 580+ 1,7¢ 67,5
0/1.0 - 0
0.5/1.0 18,7+1,2¢ 52,4
1.0/1.0 20,553 ¢ 10
1.5/1.0 32,3+£2,6¢ 40

The value corresponds to the mean and the standard error. Different
letter indicate significant differences between treatments.

FW per treatment. No friable callus was formed from
explants cultured on MS without hormones and in all
medium supplied with only KIN. On the contrary, all
media containing 2,4-D, either 0,5 mg L', 1,0 mg L',
or 1,5mg L', induced friable callus formation. The best
results were obtained in medium supplied only with
2,4-D regardless the concentration. The growth regulator
2,4-D has been cited as the best regulator to induce
callus formation in Rubusidaeus (Borejsza-Wysoki and
Hrazdin, 1994) and Orthosiphon stamineus (Lee and
Chang, 2004).

Friable callus were dispersed on liquid media in order
to get cell suspensions. Normally, cell suspensions are
established in the same media were callus are formed
(Lee and Chang, 2004). However, in MS media, all
suspension differentiates to roots (data not shown).
Considering theses results, DKW was selected as
medium for the establishment of cell culture. In this
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Figure 2. Fresh and dry weight of Achyrocline flaccida
cell culture in DWK medium supplied with 2,4-D and
BAP.

medium no tissue differentiation was registered and it
was possible to establish continuous suspensions over
one year.

Auxins, particularly 2,4-D, are commonly used for
the establishment of cell suspension cultures (Szabados
et al., 1991). The action of BAP cytokinin was also
evaluated. Figure 2 shows the evolution of fresh and
dry weight registered over 37 days. All media showed a
very large latent phase, approximately 20 days. There
were differences during the exponential phase. Media
without regulators or supplied with BAP had greater
growth rates (m) compared to DKW supplied with
2,4-D (m, =1.19, mp, 0, =1.02 and m . ., 0.99).
However, in DKW supplied with 2,4-D the exponential
phase was longer (10 days) and the FW at the end of the
period was higher. This increase in FW is not correlated
to DW, where suspensions containing 2,4-D showed the
lowest values. It is known that 2,4-D induce the
formation of soft callus by increasing the size of
vacuoles (Borejsza-Wysoki and Hrazdin, 1994). The
same phenomenon could happen in this suspension

culture and it has to be considered for the production of
metabolites which are secreted to the vacuole.

In summary, cell suspension cultures of A. flaccida
could be established from friable callus produced by
culturing leaf explants on MS medium supplied with
0.5 mg L' 2,4-D. The optimal medium for cell
suspension is DKW amended with 1 mg L' 2,4-D.

This study is the preliminary work for upcoming
experiments focused on secondary metabolite
production by A. flaccida cell suspension cultures. To
accomplish this aim it is necessary to evaluate different
cell sources, as stems, roots and petiole. The type of
explants has been cited as influencing callus formation
(Lee and Chang, 2004), cell suspension and metabolite
profile. Therefore optimal growth conditions and
metabolite production have to be determined for all these
explants, in order to compare their metabolic profile.
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