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a  b  s  t  r  a  c  t

Hyptis  marrubioides  Epling,  Lamiaceae,  a species  from  Brazilian  Cerrado,  has been  used  against  gastroin-
testinal  infections,  skin  infections,  pain,  and  cramps.  Herein,  H. marrubioides  seedlings  were  cultured
in  vitro  under  different  wavelengths  (white,  blue,  green,  red, and yellow)  with  50  �mol  m−2 s−1 irra-
diance  and a 16-h photoperiod.  After  20 and  30  days  of  cultivation,  shoot  length,  leaf  number,  fresh
mass,  and dry  mass  were  evaluated.  The  flavonoid  rutin  content  was  determined  by  the  HPLC-DADQ2
method.  The  shoots  were  longer  in plants  cultivated  under  yellow  (16.603  ± 0.790  cm,  1.8-fold),  red
(15.465  ±  0.461  cm,  1.7-fold),  and  green  (14.677  ±  0.737  cm,  1.6-fold)  lights  than  in control  plants  exposed
to  white  light  (9.203  ±  0.388  cm).  The  number  of  leaves  increased  in  plants  exposed  to  red  (23.425  ± 1.138,
1.1-fold)  and green  (22.725  ±  1.814,  1.1-fold)  lights,  compared  to control  plants  (20.133  ±  0.827).  Fresh
(0.665  ± 0.048  g, 1.2-fold)  and  dry  (0.066  ±  0.005  g,  1.3-fold)  mass  of  seedlings  were  the  highest  in
seedlings  grown  under  red light,  compared  to seedlings  grown  under  white  light  (0.553  ±  0.048  and
0.028  ± 0.004,  respectively).  However,  rutin  production  was  higher  under  white  (0.308  mg  g−1 of dry
weight)  and blue  lights  (0.298  mg  g−1 of  dry weight).  Thus,  red  light  induces  plant  growth  and  increases
leaf  number  and  dry weight  in  in  vitro-cultivated  H. marrubioides, whereas  blue  and  white  lights  promote
the  greatest  rutin  accumulation.

©  2017  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The genus Hyptis,  Lamiaceae, comprises about 300 species,
widely distributed, occurring mainly in tropical regions of the
Americas and Africa. Hyptis marrubioides Epling, commonly known
as mint-of-field, is a species of the Brazilian Cerrado traditionally
used to treat gastrointestinal and skin infections, pain, and cramps
(McNeil et al., 2011). The pharmacological potential of H. marru-
bioides has been previously investigated, and most studies have
focused on examination of the chemical composition of essen-
tial oils, the main components of which are the sesquiterpenes
caryophylla-4(14),8(15)-dien-5�-ol, eudesma-4(15),7-dien-1�-ol,
caryophyllene oxide, and �-caryophyllene (Sales et al., 2007;
McNeil et al., 2011). Essential oils of H. marrubioides have also been
studied to investigate their potential for pest control in agriculture,
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such as the prevention and control of Asian soybean rust (Silva
et al., 2012b) and treatment of Colletotrichum truncatum-infected
soybean seeds (Silva et al., 2012a).

The use of micropropagation techniques has great advantages
in the production of high-quality seedlings, as they improve their
pharmacological potential (Rao and Ravishankar, 2002) by ensur-
ing the reproduction of identical, high-quality plants (Serafini et al.,
2001), which in turn enhances the biosynthesis of special metabo-
lites (Bhuiyan and Adachi, 2003; Zhao et al., 2005). However, the
accumulation of secondary metabolites in plants is influenced by
various environmental factors such as light quality, UV irradiation,
temperature, irrigation, nutrient deficiency, pathogen attack, and
heavy metal stress (Dixon and Paiva, 1995; Winkel-Shirley, 2002;
Kopsell and Kopsell, 2008).

Light is a key abiotic elicitor in plants that affects, directly or
indirectly, growth and development of plants, mainly of those dis-
tributed in high-latitude areas (Morini and Muleo, 2003; OuYang
et al., 2015). Plant responses do not depend only on the absence or
presence of light but also on the variation in light quality (Felippe,
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1986). The action of light on plants occurs mainly in two  aspects:
first, the light source provides the energy required by the plant for
photosynthesis, especially red and blue light, and second, as a sig-
nal received by photoreceptors it regulates growth, differentiation,
and plant metabolism (Wang et al., 2001).

Light is one of the most significant environmental factors affect-
ing the accumulation of flavonoids in plants (Huché-Thélier et al.,
2016). However, the biosynthesis of flavonoids in response to light
quality need to be better understood, especially in in vitro culture.

Studies involving the influence of light on the production of
secondary metabolites and growth parameters in H. marrubioides
seedlings cultivated in vitro are non-existent. In a previous study,
we have evaluated the phytochemical profile of H. marrubioides
microplants inoculated with isolates of bacteria and endophytic
fungi (Vitorino et al., 2013). Photosynthetic studies in H. marru-
bioides in vitro culture involving measuring gas exchange were also
conducted by our research group and the irradiance effects, flow
rate, and air humidity parameters were investigated. In addition,
the chlorophyll a fluorescence and chloroplastidic pigment con-
tent were also assessed (Costa et al., 2014). Hence, the aim of the
present study was to assess the effect of light quality on growth of
H. marrubioides seedlings in vitro and their flavonoid production.
This study furthers our understanding of the factors that promote
the growth and increase the resistance of this medicinal species,
through the production of flavonoids.

Materials and methods

Plant material and in vitro cultivation

Seedlings previously established via in vitro germination of
seeds suitable for inoculation obtained on the experimental field
of the Laboratory of Plant Tissue Culture of the Instituto Federal
de Educaç ão, Ciência e Tecnologia Goiano, Campus Rio Verde. A
voucher specimen (HRV71) has been deposited at the Herbarium
of the Institute (Herbarium HRV).

The seeds were disinfected with 0.2% Bendazol (carbendazim)
and 0.2% Alterno (tebuconazole) for 1 h, followed by treatment with
1% sodium hypochlorite for 30 min, and then rinsed thrice with
sterile distilled water. Seeds were germinated and maintained on
Murashige & Skoog medium (Murashige and Skoog, 1962) supple-
mented with 30 g l−1 of sucrose and solidified with agar at 3.5 g l−1;
the pH was adjusted to 5.8 before autoclaving. The cultures were
incubated in a growth chamber for 30 days at 50 �mol  m−2 s−1 pho-
tosynthetically active radiation (PAR), at an average temperature
of 23 ± 1 ◦C, and a photoperiod of 16 h. Thereafter, the seedlings
were sub-cultured on the same medium and incubated in a growth
cabinet for 10 days at 50 �mol  m−2 s−1 PAR, 23 ± 1 ◦C, and 16-h pho-
toperiod. All experiments were carried out in glass flasks containing
50 ml  of semisolid medium with five seedlings per flask with a total
of forty seedlings.

Light conditions

After 10 days, the cultures were transferred to a cabinet
and exposed to continuing irradiation of different light spectra:
white (300–750 nm), blue (400–490 nm), green (490–560 nm), red
(600–700 nm), and yellow (560–590 nm). The specific light condi-
tions were maintained using TP 40 W lamps (Taschibra

®
Indaial,

Santa Catarina, Brazil), at a light intensity of 50 �mol  m2 s−1 and
a photoperiod of 16 h. The cultures were evaluated after 20 and
30 days of light exposure. Cultures grown under white light were
used as a control. For weight measurements, the whole seedlings
without roots was considered.

Chemical analysis

The seedlings were dried at 35 ◦C in a forced air circulation
oven and the dry biomass (200 mg)  from the in vitro culture of
H. marrubioides was  extracted with 4 ml  methanol of high per-
formance liquid chromatography (HPLC) grade using ultrasound
bath (30 min). The samples had been previously filtered through
a 0.2-�m syringe filter with hydrophilic PTFE membrane (Advan-
tec, Dublin, CA, USA) and transferred into 1-ml HPLC vials. These
procedures were conducted in triplicate.

For the quantitative analysis, solutions were done in HPLC grade
methanol to obtain solutions containing 0.500, 0.250, 0.125, and
0.063 mg  ml−1 rutin. Each standard solution was injected in trip-
licate. The calibration curve was  constructed to determine the
linearity of the method by plotting the peak area versus the con-
centration of the substance in mg  ml−1. The quantitative analysis
by HPLC with diode-array detection (DAD) was  carried out on a
Shimadzu Prominence LC-20AD binary system equipped with a
DGU-20A5 degasser, an SPD-20A series diode array detector, a
CBM-20A communication bus module, an SIL-20A HT autosam-
pler, and a CTO-20A column oven (Shimadzu, Kyoto, Japan). The
analyses were conducted on a Gemini ODS column (250 × 4.6 mm,
5 �m;  Phenomenex, Aschaffenburg, Germany) equipped with a
pre-column with the same material under the following conditions:
injection volume set at 20 �l, flow rate of 1.0 ml min−1, mobile
phase was CH3OH/H2O/HOAc (5:94.9:0.1, v/v/v) delivered in a lin-
ear gradient until 100% CH3OH in 30 min, 10 min at 100% CH3OH,
and 20 min  to return to the initial conditions. The UV detection was
set at 254 nm and 40 ◦C.

Methanol used in the experiments was  HPLC grade and it was
obtained from J. T. Baker (Avantor Performance Materials, Cen-
ter Valley, PA, USA). Ultrapure water was obtained by passing
redistilled water through a Direct-Q UV3 system from Millipore
(Billerica, MA,  USA). The flavonoid rutin used as external standard
was acquired from the standard bank of the Natural Products Group
of the Universidade de Franca.

Statistical analyses

The statistical analysis was  performed in Sisvar 5.3 software
(Ferreira, 2011). The experiment was conducted in a completely
randomized design with four replications. The multi-factorial anal-
ysis of variance followed by Tukey multiple comparison tests were
used for statistical comparisons (p ≤ 0.05).

Results

Seedlings growth

The measured growth parameters of H. marrubioides seedlings
cultivated in vitro under different wavelengths showed signif-
icant difference (Table 1). During the 20-day cultivation, the
seedlings exposed to red light showed the highest shoot lengths
(10.175 ± 0.669 cm), which was 1.69-fold higher than the cor-
responding lengths of control seedlings (6.035 ± 0.511 cm). In
addition, after 30 days of irradiation with green, red, and yellow
lights, the length of the shoots increased 1.8-fold compared to
seedlings exposed to white light. The number of expanded leaves
was not affected by light conditions after 20 days of treatment;
however, after 30 days of culture, green and red light promoted
the most the increase in the number of leaves (22.725 ± 1.814 and
23.425 ± 1.138, respectively).

Shoot dry and fresh weights did not differ among the seedlings
irradiated with different lights for 20 days. In contrast, after 30
days of illumination with red light, dry biomass of H. marrubioides
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