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Abstract Hypericum polyanthemum Klotzsch ex Re-
ichardt, an endemic species of Southern Brazil, was
micropropagated on MS medium supplemented
with 1.78 pM BAP. Shoot proliferation and rooting
was achieved on hormone-free medium and
plantlets survived acclimatization. The bioactive
compounds: 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-
benzopyran (HP1), 7-hydroxy-6-isobutyryl-5-methoxy-
2,2-dimethyl-benzopyran (HP2) and 5-hydroxy-6-iso-
butyryl-7-methoxy-2,2-dimethyl-benzopyran (HP3)
were quantified in the leaves, stems and roots of
propagated and acclimatized plantlets and compared
with the field-grown plants. The HPLC analysis re-
vealed that the three benzopyrans are accumulated in
the aerial parts and the concentration varied with the
age of the plant whereas the roots were capable of
accumulating only HP3. Greatest yield of HP1
(7.12 mg/g DW) was quantified in the leaves of the
acclimatized plantlets, whereas the flowers of the
plants from natural habitat displayed higher amounts
of HP2 (11.04 mg/g DW) and HP3 (13.99 mg/g DW).
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Abbreviations

BAP  6-Benzylaminopurine

HP1 6-Isobutyryl-5,7-dimethoxy-2,2-dimethyl-
benzopyran

HP2 7-Hydroxy-6-isobutyryl-5-methoxy-
2,2-dimethyl-benzopyran

HP3 5-Hydroxy-6-isobutyryl-7-methoxy-
2,2-dimethyl-benzopyran

HPLC High performance liquid chromatography

TIAA Indole-3-acetic acid

DW Dry weight

MS Murashige and Skoog
NAA  «-Naphthalene-acetic acid

Introduction

The flora of Southern Brazil is rich in medicinal plants
and the unrestricted collection is resulting in an
overexploitation of the natural resources without
proper replenishment. From the genus Hypericum,
widely distributed in temperate regions, approxi-
mately 20 species are found and some of them are
used in the traditional medicine as anti-inflammatory
and wound healing agents (Jiménes 1980; Mentz et al.
1997). In recent years, the pharmaceutical potential
increase of Hypericum perforatum with antiviral
(Diwu 1995), anticancer (Agostinis et al. 2002) and
antidepressive (Chatterjee et al. 1998; Singer et al.
1998) activities were demonstrated and other Hyper-
icum species have also been found to exert pro-
nounced effects on the central nervous system
(Oztiirk 1997). Some of the Southern Brazilian species
demonstrated antidepressive (Daudt et al. 2000),

@ Springer



166

Acta Physiol Plant (2007) 29:165-170

antimicrobial (Dall’Agnol et al. 2003) and antiprolif-
erative activities (Ferraz et al. 2005a). Among them,
Hypericum polyanthemum showed a remarkable
analgesic activity (Viana et al. 2003) and three main
compounds, 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-
benzopyran (HP1), 7-hydroxy-6-isobutyryl-5-methoxy-
2,2-dimethyl-benzopyran (HP2) and 5-hydroxy-6-iso-
butyryl-7-methoxy-2,2-dimethyl-benzopyran (HP3)
were isolated from the aerial parts of the plant
(Fig. 1) (Ferraz et al. 2001) and the monoamine oxi-
dase and antiproliferative activities evaluated (Gnerre
et al. 2001; Ferraz et al. 2005b). Due to the relevant
biological properties of H. polyanthemum and its
highly restricted distribution (Robson 1990), we chose
to standardize a protocol for in vitro propagation of
the species and to characterize the distribution of the
bioactive substances in the leaves, stems and roots of
the micropropagated and acclimatized plantlets and
compare with the field-grown plants by reversed-
phase HPLC.

Materials and methods
Plant material

Plants of H. polyanthemum Klotzsch ex Reichardt
were collected in the city of Cacapava do Sul, state of
Rio Grande do Sul, Brazil, in the spring of 2003.
Voucher specimens were deposited in the herbarium of
the Universidade Federal do Rio Grande do Sul (ICN)
(H. polyanthemum, Bordignon 1429). The aerial parts
of the plant were thoroughly washed with tap water,
surface sterilized in 70% EtOH for 1 min, rinsed twice
with sterile-distilled water, immersed in 1.5% sodium
hypochlorite for 10 min, and rinsed four times with
sterile-distilled water.

Culture conditions

Shoot tips (0.3-0.5 cm long) were excised and the seg-
ments (one per flask) were vertically implanted into
175 ml glass jars with 25 ml of MS medium (Murashige
and Skoog 1962) containing 30 g I"' sucrose supple-
mented with 0.178, 0.89, 1.78 and 4.45 uM of 6-benzyl-

0} OR1

HP1 R1=Me, R2=Me
HP2 R1=Me, R2=H
HP3 R1=H, R2=Me

Fig. 1 Benzopyrans isolated from Hypericum polyanthemum

@ Springer

aminopurine (BAP) alone or in combination with
1.074 uM of a-naphthalene-acetic acid (NAA). The pH
of the medium was adjusted to 5.8 prior to the addition
of 0.5% agar (extra pure, Merck) and autoclaved for
20 min at 121°C. Medium without plant growth regu-
lators was used as a control. The cultures were main-
tained at 25 = 1°Cwith 16 hlight/8 h dark photoperiods
(light intensity 45 pmol m~ s™'). Each treatment con-
sisted of 12 explants and was replicated five times. The
number of shoots/explant and the callus formation was
determined after 6 weeks in vitro and the microshoots
that grew on medium with 1.78 uM BAP were excised
and placed on control medium without growth regula-
tors and supplemented with BAP alone (0.178 and
0.89 uM) or in combination with 1.074 uM of NAA.
After 4 weeks of growth regenerated plantlets were
transferred to hormone-free medium.

Acclimatization

The regenerated plantlets cultured on hormone-free
medium with well developed roots were washed with
distilled water to remove adhering culture medium,
transferred to pots containing a sterile mixture of non-
fertilized commercial top soil and vermiculite (2:1, v/v)
and covered with plastic film. Acclimatizing plants
were kept under controlled environmental conditions
at 25 + 5°C, under a 16 h photoperiod provided by
cool white fluorescent lamps (approximately
70 ymol m2 s™') for 30 days and transferred to a
greenhouse (irradiance of 500 yumol m™2 s~ at plant
level, measured in the middle of sunny days without
clouds with a sensor Quantum Li-cor®). The plants
were watered as needed.

Benzopyrans determination

Leaves, stems, flowers and roots of field-grown plants,
from micropropagated and from acclimatized plantlets
were freeze dried and 0.05 g DW of each sample were
extracted 15 times X 20 min with 5 ml of n-hexane in
an ultrasonic bath. The extracts were combined and
evaporated to dryness under reduced pressure. The
residue was redissolved in 5 ml of HPLC grade meth-
anol and filtered (0.22 pm pore size, Merck). The
injection volume was 20 pl.

Liquid chromatographic separations were per-
formed using a Waters 600 pump and a Waters 2487
dual 2 absorbance detector. The separations were
carried out with an isocratic solvent system (60%
CH;CN, 40% H,0) using a Waters Nova-Pack Cig
column (4 um, 3.9 x 150 mm) adapted to a guard col-
umn Waters Nova-Pack Cig 60A (3.9 x 20 mm). The
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flow rate was 1 ml min™'; the detector sensitivity 1.0
Aufs and the detection was performed at 270 nm at
room temperature.

Constituents of the extracts were identified by
comparison with retention times of the authentic
samples (HP1, HP2 and HP3) isolated from the
aerial parts of H. polyanthemum in natura as de-
scribed elsewhere (Ferraz et al. 2001) and the iden-
tity and purity of the compounds were confirmed by
"H NMR.

For quantitative analysis, peak areas were used to
calculate the amount of the benzopyrans present in
different plant material and compared to the standards.
The identification was made on the basis of their
ultraviolet absorption spectra and retention times. The
amount of benzopyrans was calculated by using a cal-
ibration curve (absorption at 270 nm vs. mass) mea-
sured in pg/ml with: HPl-range of 3.90-250,
R? = 0.9994; HP2-range of 1.95-500, R* = 0.9997; HP3-
range of 0.97-250, R* = 0.9997. Deviation of repeated
estimation of same sample was less than 1%.

The detection limits of the different compounds
were 1.69956, 0.01530 and 0.17834 pg/ml and the
quantification limits were 5.15046, 0.04637 and
0.54043 pg/ml for HP1, HP2 and HP3, respectively.
Benzopyrans contents were expressed as mg/g of freeze
dried weight of the plants.

Statistical analysis

In all of the experiments, the layout was totally ran-
domized. One-way or Two-way Analysis of Variance
(ANOVA) was applied with a critical value of
P <0.05. Data transformation was done as needed to
satisfy ANOVA requirements (Sokal and Rohlf 1981).

Results and discussion

Shoot tips of H. polyanthemum were cultured on MS
medium supplemented with 0.178, 0.89, 1.78 and
445 uM of BAP alone or in combination with
1.074 uM of NAA. Within 6 weeks of inoculation,
multiple shoot (approximately 30) and some callus
formation was observed on treatment with 1.78 uM of
BAP (Fig. 2a) whereas the medium with lower con-
centration of BAP (0.178 and 0.89 uM) showed three
to four shoots per explant and callus formation (data
not shown). Interestingly, the increase of BAP con-
centration promoted multiplication rate up to 1.78 uM
after which the rate was reduced. Explants cultured on
control medium without growth regulators did not
respond satisfactorily. Similar effect of BAP on shoot

development in H. perforatum and H. foliosum has
been reported previously (Cellarova et al. 1992; Moura
1998). The absence of rooting in the presence of NAA,
as mentioned by the same studies, was also confirmed
for H. polyanthemum.

Shootlets were further cultured on MS medium with
BAP alone and combined with NAA. With 0.178 uM
BAP, the auxine source did not seem to be necessary
for rooting (Table 1), whereas with 0.89 uM BAP and
1.074 pM NAA no rooting was observed, suggesting
the need of a compensatory effect from a higher
exogenous auxine source (Tamas 1987).

For culture multiplication, shoots grown with
0.178 uM BAP were transferred to a hormone-free
medium and regenerated plantlets (Fig. 2b) presented

Fig. 2 Stages of micropropagation of Hypericum polyanthemum
Klotzsch ex Reichardt: Shoot formation from shoot tips
cultivated on 1.78 pM BAP (a). Shoots cultured on medium
with 0.178 uM BAP and transferred to hormone-free medium
(b). Acclimatized plantlet after 45 days of growth (c)
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Table 1 The effect of growth regulators on growth and rooting
of shootlets developed per explant on MS medium with 1.78 uM
BAP explants after 4 weeks in culture

Concentration of BAP/ No. of shoots/ex- No. of roots/ex-

NAA (uM) plant plant

00 - -

0.178 95+129a 7.66 + 0.58 a
0.89 483 +117b -
0.178/1.074 8.66 +1.75 a 6.67 +1.37 a
0.89/1.074 5.67 +1.033 b -

Values are means of three determinations + standard deviation

Values on the same column followed by the same letter do not
differ statistically at P < 0.05

7.22 + 0.97 shoots and 7.88 = 0.99 roots after four
weeks of culture, not differing significantly from that
on medium with 0.178 uM BAP.

The acclimatization stage was successfully per-
formed by transplanting the plantlets to a potting
mixture of soil and vermiculite (2:1) under greenhouse
conditions (Fig. 2c). The formation of both shoots and
roots on the same medium eliminates one step of
medium transfer in the propagation of this species, thus
reducing the total time and cost required for plant
regeneration. Similar results were reported for H.
perforatum (Cellarova et al. 1992; McCoy and Camper
2002) and H. brasiliense (Cardoso and Oliveira 1996).

Regenerated plantlets of H. polyanthemum were
evaluated in order to study the production of second-
ary metabolites. The n-hexane extract was analysed by
HPLC using a isocratic system composed of acetoni-
trile and water (60:40% v/v). The assay was shown to
be suitable for the characterization of HP1, HP2 and
HP3 and a short running time (HP3 20.6 min; HP2
12.4 min; HP1 8.6 min) was achieved. These bioactive
substances were quantified in the different parts of the

plants as shown in Table 2. The concentration of the
benzopyrans decreased in the in vitro micropropagated
plantlets. Nevertheless, in the acclimatized plants the
HP1 and HP3 increased approximately threefold in
relation to the field-grown plants. HP1 appeared as the
main compound in the leaves of the acclimatized plant
(Table 2) and surpassed the total amount of the same
compound quantified in the field-grown plant at flow-
ering stage, where the main compound quantified was
HP3. Similar results were found for the secondary
metabolites quantified in regenerated organs of H.
perforatum (Pasqua et al. 2003). HP1 and HP2 have
not been detected in the roots of all analysed plants.
These compounds are present, instead in the leaves,
stems and flowers, suggesting a role in the chemical
defense of the plant against insects and environmental
factors which have been found to alter the concentra-
tion of secondary metabolites in Hypericum species
(Briskin and Gawienowski 2001; Abreu and Mazzafera
2005) as have harvest date and season (Southwell and
Bourke 2001). On the other hand, HP3 was found in all
parts of the plants (Table 2). However, its distribution
pattern depends on the developmental stage, with
higher concentrations being found in the leaves and
roots of the acclimatized plantlets. Moreover, it is
necessary that plantlets reach an advanced stage of
growth to obtain the biosynthesis of all benzopyrans.
Furthermore, the difference in benzopyrans concen-
tration may be due to the light intensity with which
plantlets were grown (45 and 500 umol m~ s~ for in
vitro and acclimatized plantlets, respectively). Thus,
the higher contents of the compounds in field-grown
plants may be related to the high light intensity
(2000 pmol m~ s7!) to which the plants were exposed.
This effect was previously shown for H. perforatum
(Briskin and Gawienowski 2001) where a linear

Table 2 Distribution of benzopyrans (mg/g DW) in field-grown, in vitro cultured and acclimatized plantlets of Hypericum polyan-

themum
Plant part HP1 HP2 HP3
Field-grown plant Leaves 230 +0.30c 10.33 £ 041 a 0.51 + 0.03 def
Stems 027 £ 0.04 e 1.79 £ 0.09 b 0.49 + 0.04 def
Roots Nd Nd 0.81 + 0.07 cde
Flowers 3.65+032b 11.05+1.17 a 13.98 + 0.69 a
In vitro-grown plantlet Leaves 0.89 +0.02 d 0.02 + 0.003 ¢ 0.21 + 0.002 ef
Stems 0.07 £ 0.0l e Nd 0.15 + 0.002 f
Roots Nd Nd 0.08 + 0.004 £
Acclimatized plantlet Leaves 7.11 £ 0.01 a 0.73 = 0.02 bc 1.42 + 0.02 be
Stems 0.15 + 0.06 e 037 £0.01 ¢ 0.96 + 0.12 bed
Roots Nd Nd 1.47 £ 0.07 b

Values are means of three different experiments + standard deviation

Values on the same column followed by the same letter do not differ statistically by a Tukey test at P < 0.05

Nd Not detected
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relationship was observed between the light intensity
and the number of dark glands associated with hy-
pericin contents.

The knowledge of the biosynthesis of HP1, HP2 and
HP3 is not available. Nevertheless, an experiment
carried out with Ageratum conyzoides (Asteraceae),
demonstrated that in the benzopyrans precocene I and
II, structurally similar to the above mentioned benzo-
pyrans, the aromatic ring arises from the polyketide
route and condenses with dimethyallyl pyrophosphate
arising from the mevalonic acid; the subsequent
hydroxylation followed by methylation of the aromatic
ring yielded the precocenes (Vyas and Mulchandani
1980). Considering that this is an usual route for
benzopyrans we could infer that the benzopyrans in H.
polyanthemum are formed by a similar pathway, with
HP1 being biosynthesized by the methylation of HP2
and/or HP3 by the action of methyl-transferases.

The higher concentration of benzopyrans was found
in the flowers of the field-grown plants except for HP1
which was detected in higher concentration in the
leaves of the acclimatized plants. HP2 and HP3 were
isolated as yellow crystals, contributing to the intense
yellow colour of the flowers, while HP1 was colourless.

Flowers of Hypericum have not been extensively
investigated, with the presence of flavonoids (querce-
tin, quercitrin, isoquercitrin, hyperoside, biapigenin),
phloroglucinol derivatives (hyperforin) and hypericin
being reported for some species (Takel’ova et al. 2000;
Maggi et al. 2004). The report that flowers of in vitro
grown plants and field-grown plants of H. perforatum
have comparable concentrations of medicinal second-
ary metabolites (Murch et al. 2002) will lead us to
investigate the benzopyrans content in different flower
ontogenesis phases of in vitro propagated H. polyan-
themum plants. Furthermore, based on our results,
optimal conditions for large biomass yield and pro-
duction of secondary metabolites from H. polyanthe-
mum will be further investigated.
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