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Long-term maintenance of in vitro cultures affects growth and secondary
metabolism of St. John’s Wort

A manutenc¢éo prolongada de culturas in vitro afeta o crescimento e o metabolismo
secundéario de hipérico

Adriana de Andrade Figueird' Cynthia Manira Correa'
Leandro Vieira Astarita' Eliane Romanato Santarém'

ABSTRACT

Hypericum perforatum is a traditional medicinal
plant with wound healing and antidepressant properties.
Efficiency of micropropagation is often related to the long
term maintenance of tissues in culture, which may alter the
secondary metabolism of plants. The objective of this study was
to evaluate growth and secondary metabolism of in vitro shoots
of H. perforatum on short and long term maintenance of
cultures (30 and 100 days). The effect of BA and NAA
supplementation was evaluated during 30 days of culture.
Adventitious shoots were cultivated on MS medium
supplemented with 4.4mM BA alone or in combination with
0.05mM NAA for 30 days. A hormone-free medium was used
as control. Shoots cultivated for 100 days were maintained in
presence of 4.4mM BA. Biomass, multiplication of shoots,
contents of phenolic compounds, flavonoids and hypericin were
evaluated. No difference between BA and BA+NAA was observed
on growth, multiplication of shoots and levels of flavonoids at
the end of 30 days of culture. Production of phenolic compounds
was promoted by addition of BA+NAA to the medium, whereas
hypericin was increased by the presence of BA. The time of
culture (30 and 100 days) affected all the parameters analyzed,
except the levels of flavonoids in the short term experiment.

Key words: tissue culture, Hypericum perforatum, hypericin,
phenolic compounds.

RESUMO

Hypericum perforatum é uma planta medicinal
que apresenta propriedades cicatrizante e antidepressiva.
Frequentemente, a eficiéncia da micropropagacao esta
relacionada a manutengdo dos tecidos em cultura por longos
periodos, o que pode alterar o metabolismo secundario das
plantas. O objetivo deste trabalho foi avaliar o crescimento e o

metabolismo secundario de brotacdes adventicias de H.
perforatum mantidas por diferentes tempos de cultivo (30 e
100 dias). O efeito da adicdo de BA e ANA foi avaliado no
periodo de 30 dias. As brotacdes foram cultivadas em meio
MS suplementado com 4,4mM BA como Unico regulador ou
em combinag¢do com 0,05mM ANA, por 30 dias. Um meio de
cultivo sem adicéo de reguladores foi utilizado como controle.
As brotacdes cultivadas por 100 dias foram mantidas em
presenca de 4,4mM BA. A biomassa, a multiplica¢do dos brotos,
as concentracdes de compostos fendlicos, flavonoides e
hipericina foram os parametros avaliados. Nenhuma diferenga
entre a adicdo de BA ou BA+ANA foi observada quanto ao
crescimento, ao nimero de brotos e aos niveis de flavonoides
ao final de 30 dias de cultivo. Diferencas neste periodo foram
detectadas nos niveis de compostos fendlicos e de hipericina
quando os brotos foram cultivados em presenca de BA+NAA e
de BA, respectivamente. O tempo de cultivo (30 e 100 dias)
afetou todos os parametros avaliados, com excegdo dos niveis
de flavonoides no periodo de 30 dias.

Palavras-chave: cultura de tecidos, Hypericum perforatum,
hipericina, compostos fendlicos.

INTRODUCTION

Hypericum perforatum L. is a medicinal
plant with antidepressant, antiviral, wound healing,
antimicrobial, antioxidant and anti-tumoral proprieties
(BRUNI & SACCHETTI, 2009). These biological
activities are related to the secondary metabolites
produced by the plant, including naphthodianthrones
(hypericin and pseudohypericin), acylphloroglucinols
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(hyperforin and adhyperforin) and flavonols (quercetin
and its glycosides). Hypericin, the main component of
H. perforatum, has been extensively studied as a
multifunctional agent in medicinal applications.
Likewise, flavonoids are pharmacologically active
compounds and also act as co-effectors to improve
the biopharmaceutical properties of hypericin
(BUTTERWECK & SCHMIDT, 2007).

The increasing demand for the bioactive
compounds of H. perforatum as well as the variable
content of these molecules often observed in
pharmaceutical preparations have triggered the
exploration for biotechnological strategies that could
increase the commercial production of specific
compounds. In vitro systems have been reported as
an effective tool for obtaining genetically uniform plants
and have empowered the manipulation of the
biosynthesis of several secondary compounds.
Resembling the influence that the natural environment
plays on H. perforatum plants (COUCEIRO et al., 2006),
physical culture conditions, explants type and media
employed in the protocols for tissue culture are factors
that might participate on the regulation of the secondary
metabolism of this species (BAIS et al., 2002;
SANTAREM & ASTARITA, 2003; WOJCIK &
PODSTOLSKI, 2007).

Biosynthesis and accumulation of
secondary compounds, mainly hypericin and
flavonoids, have been related to cell differentiation,
attaining their highest levels during leaf
morphogenesis. Hypericin and flavonoids were found
in leaves of adventitious shoots of H. perforatum,
although only little amounts were detected in cell
masses (PASQUA et al., 2003; SANTAREM &
ASTARITA, 2003; KARPPINEN et al., 2006;
MACHADO et al., 2007). Thereby, systems involving
adventitious shoots or whole plants are likely more
suitable for production of specific secondary
metabolites. In spite of the numerous reports on tissue
culture of H. perforatum, little is known about the
effects of extended periods of culture on the production
of secondary compounds in this species. Most of the
studies were carried on using 21 to 25-day intervals,
corresponding to one subculture period (PASQUA et
al., 2003; ZOBAYED et al., 2004; CONCEICAO et al.,
2006). Thus, the aim of this study was to evaluate the
differences between short and long term-maintenance
cultures regarding growth and secondary metabolism
of in vitro shoots of H. perforatum. The effect of plant
growth regulators, benzyladenine (BA) and
naphthalene acetic acid (NAA), on secondary
metabolism were also tested.

MATERIAL AND METHODS

Adventitious shoots of H. perforatum L.
were induced from nodal segments as described by
SANTAREM & ASTARITA (2003). Induced shoots
were propagated on semi-solid MS (MURASHIGE &
SKOOG, 1962) medium with addition of 4.4mM BA.
Clusters of adventitious shoots (3g) were cultivated
on MS basal medium, either supplemented with 4.4mM
BA alone, or in combination with 0.05mM NAA. A
hormone-free medium was used as a control. A short-
term experiment (30 days) was established, and shoot
clusters were analyzed every five days for biomass
accumulation, shoot multiplication, and levels of total
phenolic compounds, quercetin-derived flavonoids and
hypericin. Shoot growth was evaluated through the
increment of fresh mass (g FM) and the number of
adventitious shoots per cluster. No subculture was
carried out within the 30 days. An extended period of
in vitro culture was also evaluated (long-term
experiment) where shoots were cultured on MS medium
with 4.4mM BA for 100 days and subcultured every 20
days. The same parameters mentioned for the short-
term experiment were analyzed at the time of each
subculture, consisting of six time points of observation.
Sucrose (30g L) and agar (6g L) were added to all
media. Cultures were maintained at 26+1°C under a 16-h
photoperiod of 15mE m? s of irradiance.

Samples of 1g FM of shoots were
homogenized in 10mL of 80% (v/v) aqueous methanol
for quantitative analysis of the total phenolic
compounds and quercetin-derived flavonoids
following POIATTI etal. (2009). Hypericin was extracted
with in 100% methanol and determined by HPLC, as
reported by SANTAREM & ASTARITA (2003).

Experiments were independently repeated
twice under the same conditions. The effect of the
culture period was evaluated by regression analysis
and ANOVA, whereas the effect of growth regulators,
BA and NAA, was analyzed by ANOVA and multiple
comparison of means was accomplished with Tukey’s
test (o= 0.05). Correlation between biomass and number
of shoots was evaluated by Pearson Correlation Test.
Statistical analyses were performed with the SPSS
statistical software program (SPSS v.11.5).

RESULTS AND DISCUSSION
Growth of shoot clusters of H. perforatum
was observed during the cultivation for 30 days

without subculture on medium supplemented either
with BA or BA+NAA. Adventitious shoots cultured
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on hormone-free medium did not proliferate and
developed roots. The effect of growth regulators could
be observed for both biomass accumulation and shoot
multiplication, when compared to the control (Figure
1A and B). The period of culture positively influenced
biomass and shoot multiplication. At day 15, a 2-fold
increase of biomass was recorded, reaching an average
of 2.8-fold by the end of the short-term culture (Figure
1A). Through regression analysis, the daily increase
of fresh weight was predicted to be 0.216g and 0.197g

on media supplemented with BA and BA+NAA,
respectively. Similarly to the increase of biomass, a
significant 3-fold increase in the number of adventitious
shoots was also observed after 30 days of culture either
with BA or BA+NAA supplementation (FigurelB).
Although growth and multiplication of
shoots were analyzed separately, the Pearson’s
correlation indicated a positive relationship between
biomass and number of shoots (R?=0.99 and 0.96 for
BA and BA+NAA-containing medium, respectively).
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Figure 1 — Biomass (A), shoot multiplication (B), total phenolic compounds (C), flavonoids (D) and hypericin
(E) of adventitious shoots of H. perforatum, cultured on MS medium supplemented with 4.4mM
BA or 4.4mM BA + 0.05mM NAA during 30 days. Data are presented as the mean (+SE) of either
15 (A and B) or six replicates (C to E). Bars signalized with the same letter are not significantly
different between treatments in each time point (P<0.05). Equations of regression are shown for
each parameter. Significance is indicated by an asterisk (P<0.05).
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Production of phenolic compounds by
adventitious shoots of H. perforatum was affected by
the interaction between the period of culture and the
addition of BA+NAA to the medium. A significant
increase in the levels of phenolic compounds during
the period of culture was observed from days 20 to 30
in the shoots cultivated on BA+NAA (ranging from
33.2mg g FM to 35.3mg g* FM; Figure 1C). On the
contrary, in spite of the variation on the fraction of
flavonoids (from 2.84 to 4.52mg gt FM; Figure 1D), no
significant difference was obtained with the time of
culture. The influence of growth regulators was
detected twice along the cultivation, when the addition
of BA induced accumulation of flavonoids at 5 and 25
days (Figure 1D). Variation in the content of hypericin
in the adventitious shoots of H. perforatum resulted
from a significant interaction between the culture period
and treatments. Similar to the control treatment, the
supplementation of BA+NAA resulted in decreased
levels of hypericin during the time of cultivation (Figure
1E). On the other hand, addition of BA to the medium
induced the production of hypericin from day 15
onwards (Figure 1E).

Cultivation of adventitious shoots in
presence of BA for 100 days promoted multiplication
of adventitious shoots of H. perforatum. A gradual
increase in biomass was observed up to day 40, and
after this time point, a marked increase was recorded;
the highest amount of biomass was obtained at day
100 (Figure 2A). Through regression analysis, the
increment of biomass was determined as 0.381g of FM
per day (Figure 2A). Similarly, multiplication of
adventitious shoots was also promoted by long-term
cultivation, and a 2-fold increase in the number of
shoots was observed within 20 days of culture. No
significant increase on the number of shoots was
observed at 60 and 80 days of culture, likely because
of the partial death of the shoot cluster. Necrosis of the
tissue may have been caused by the high number of
shoots per flask. When shoot clusters from each culture
flask were divided into two flasks, growth was
recovered. Clusters maintained in culture for 100 days
reached an average of 199.7 shoots (Figure 2B), as a
consequence of an increment of 1.4 shoots per day.
Similarly to that observed in the 30-day experiment,
Pearson’s correlation indicated a strong positive
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Figure 2 — Biomass (A), shoot multiplication (B), total phenolic compounds (C), flavonoids (D) and
hypericin (E) of adventitious shoots of H. perforatum, cultured on MS medium supplemented
with 4.4mM BA or 4.4mM BA + 0.05mM NAA during 100 days. Data are presented as the
mean (+SE) of either 15 (A and B) or six replicates (C to E). Bars signalized with the same
letter are not significantly different between treatments in each time point (P<0.05).
Equations of regression are shown for each parameter. Significance is indicated by an
asterisk (P<0.05).

Ciéncia Rural, v.40, n.10, out, 2010.



Long-term maintenance of in vitro cultures affects growth and secondary metabolism of St. John’s Wort. 2119

relationship between growth and multiplication of
shoots (R?=0.98).

The period of culture seemed to influence
the production of secondary metabolites by shoots of
H. perforatum. Levels of phenolic compounds and
flavonoids were significantly higher at day 20 and day
100 (Figure 2C). Accumulation of hypericin also varied
along the culture, showing a 2.5-fold increase at day
20.

The evolving commercial interest in H.
perforatum has driven the studies on the establishment
of efficient alternatives, such as in vitro tissue culture,
to increase the propagation of elite germplasm and
accumulation of secondary metabolites. In spite of the
numerous reports in tissue culture, H. perforatum
remains intensively studied because of the great
variation among culturing systems used (BAIS et al.,
2002; SANTAREM & ASTARITA, 2003; ZOBAYED et
al., 2004).

The composition of the medium is an
important factor studied to optimize the
micropropagation of H. perforatum. Other than culture
conditions, studies have reported that growth
regulators significantly affect growth and multiplication
(KARPPINEN et al., 2006; LIU et al., 2007). In most
species, a high cytokinin/auxin ratio is required for
shoot regeneration. However, in our 30-day system,
supplementation of culture medium with auxin did not
increase the overall growth of H. perforatum compared
to the use of BA as the only growth regulator.
Considering that hormone-free medium did not induce
growth, BA is likely the growth regulator affecting the
propagation in the system tested. It is known that
cytokininsare involved in the promotion of cell division
and in overcoming apical dominance, releasing the
lateral bud from dormancy (D’ AGOSTINO & KIEBER,
1999). Among cytokinins, BA has been the most
effective shoot-inducing agent in several species
studied, although the combination of BA with auxins
(NAA and IBA) has also been used to induce shoot
multiplication of H. perforatum and other medicinal
species (SANTAREM & ASTARITA, 2003; DEBNATH
etal., 2006; LIUetal., 2007; WOJCIK & PODSTOLSKI,
2007).

At the metabolic level, supplementation
with BA did not affect significantly the accumulation
of phenolic compounds and the fraction of flavonoids
during the 30-day time course. On the other hand,
addition of BA+NAA had a positive effect on phenolic
accumulation after 20 days of culture. It has been
reported that different concentrations and types of
growth regulators may have an effect in the synthesis

and/or accumulation of secondary metabolites. The
influence of auxins and cytokinins on the activity and
expression of enzymes from the phenylpropanoid
pathway has been studied, and the activities of
phenylalanine ammonium lyase (PAL) and chalcone
synthase were shown to be inhibited by auxin, whereas
the chs gene was induced by cytokinin (SCHMULLING
etal., 1997). Contrarily, results showed that the auxin
NAA added to the medium increased the accumulation
of phenolics, probably by activating PAL and overall
BAdid not affect the synthesis of flavonoids. However,
little is known about the effect of cytokinins on the
regulation of phenolics and the fraction of quercitin-
derived flavonoids. Moreover, the role of the
phytohormone balance in controlling the level of
phenylpropanoids in plants is likely to be associated
with other variables inherent to the tissue-culture
process.

Unlike the phenolics, hypericin production
was increased by the presence of BA in the culture
medium, and the variation observed was mostly related
tothe period of culture. Likewise, an earlier study with
H. perforatum reported increases in hypericin and
pseudohypericin levels in shoots grown on BA-
containing medium, suggesting that stimulation of
hypericin production by BA is probably due to the
increase in the number of dark glands in the leaves of
the invitro shoots (GADZOVSKAet al., 2005). Similarly,
cytokinin regulation in micropropagated shoots
resulted in increased levels of hypericin (LIU et al.,
2007). Certainly, the use of cytokinins affects the
growth, development, and photosynthetic rates of
micropropagated shoots, which might be the reason
for the highest level of hypericin obtained when shoots
were cultivated on medium supplemented with BA.

Besides the growth regulators, the period
of culture and, therefore, the time point of assaying the
culture also have an important effect on determination
of the levels of secondary metabolites. This has been
confirmed by BAIS et al. (2002), who reported an
increase in the hypericin level related to the
accumulation of biomass in cell cultures of H.
perforatum during a time course of 28 days. In that
system, cells were being cultured and no differentiation
occurred. The data obtained in this study did not
indicate a relationship between biomass and hypericin,
because a linear increase in hypericin accumulation
was not observed with continuous growth.

The extended period of culture resulted in a
significant increase of biomass production and more
shoots formed over time. By day 80, growth and
multiplication were reduced, presumably because of
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the limitation imposed by the association between the
increased number of shoots and the size of the vessel
used for the culture. Hence, at this time point, clusters
of shoots were divided into two batches, thus avoiding
accumulation of ethylene and further necrosis of the
tissue. After that, the growth was recovered. The long-
term cultivation affected the accumulation of secondary
metabolites, such as phenolic compounds and
hypericin. The contents of phenolic compounds,
including flavonoids, increased by day 20 compared
to day 0, and subsequently showed a significant
decrease. The lower contents of these compounds
observed at day 80 might be related to the oxidation of
tissue caused by the restraint of the vessel. Hypericin
displayed a similar pattern of accumulation over time.
In fact, if a relationship is evaluated between the level
of hypericin and the biomass accumulation, a decrease
in this ratio was observed from days 20 to 40, indicating
that the shoots were using the energy for growth and
multiplication rather than accumulating secondary
metabolites. Because production and accumulation of
hypericin are related to leaf differentiation, it is not
surprising that shoots that are being stimulated to
multiply do not show an increase in the synthesis of
this compound.

Efficient production of phytochemical in
cell/tissue cultures is determined by factors such as
growth rate and explant selection, which regulate the
synthesis of secondary metabolites (BAIS et al., 2002).
Most of the in vitro systems evaluate growth and
secondary metabolism after short periods of
cultivation, but the efficient micropropagation for
commercial application requires that tissues and
adventitious shoots should be maintained in culture
for longer periods of time. Plants with slow growth
may be cultured on the same medium for extended
periods and have increased production of secondary
metabolites (MAURMANN et al., 2008). However, most
herbal plants exhibit high multiplication rates under in
vitro conditions, and the tissue manipulation and the
repetitive subcultures may have an effect on the plant.
Even promoting growth and multiplication, these
aspects might be the cause of some type of stress and
consequently alterations in the secondary metabolism
of H. perforatum. This study found a slight increase
of phenolic compounds and hypericin after 80 days of
cultivation, immediately after the subculture where the
clusters were broken up, suggesting that shoots of H.
perforatum in long-term maintenance cultures may
need frequentsubcultures maintained in small clusters
in order to keep stable the production and accumulation
of bioactive compounds.
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