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A B S T R A C T

Pyrostegia venusta is a medicinal climbing plant commonly used in traditional Brazilian medicine to treat diar-
rhea, vitiligo, cough and common infections. In order to evaluate the growth, morphology and bioactive phe-
nolic compounds production in P. venusta calli, cultures were established on MS medium supplemented with
4.52 μM of 2,4-dichlorophenoxyacetic acid and 8.88 μM 6-benzylaminopurine in the absence of light.
Morphological analyses were performed with scanning and transmission electron microscopy. Total proteins,
amino acids, soluble and reducing sugars, phenols, and flavonoids contents were quantified by spectro-
photometric assays, and the phenolic compounds profile was evaluated by high-performance liquid chromato-
graphy. The calli growth showed a sigmoidal pattern, with four distinct phases: lag, exponential, linear and
decline phases. Ultrastructural analysis showed cells with meristematic characteristics at the start of the culture
(lag and exponential phases), cellular organizations in clusters in the linear phase and ruptured cells without
visible organelles in the decline phase. The highest levels of primary metabolites (proteins, amino acids, soluble
and reducing sugars) and secondary metabolites (phenols and flavonoids) were observed at 10 days of culture
(lag phase) and in general decreased with callus growth. Benzoic and p-coumaric acid derivatives and rutin were
observed in the initial explant, and caffeic acid derivatives were detected in the callus culture at 60 and 120
days.

1. Introduction

Pyrostegia venusta (Ker Gawl.) Miers, also known as “orange
trumpet” or “cipó-de-são-joão” is a liana creeper (Fig. 1A–B) found in
south and southeast Brazil (Duarte and Jurgensen, 2007). In folk
medicine, leaves and flowers are used to treat diarrhea, vitiligo, cough
and common infections of the respiratory system such as bronchitis, flu
and cold (Ferreira et al., 2000; Scalon et al., 2008; Cardozo et al.,
2009). Its use in folk medicine has been confirmed by several studies
that confirm the antioxidant, antimicrobial and wound healing activ-
ities (Roy et al., 2011, 2012; Silva et al., 2011). Other biological ac-
tivities such as improvement of symptoms of flu and cold, anti-in-
flammatory and antinociceptive effects are also observed by Veloso
et al. (2010, 2012, 2014). Moreira et al. (2012, 2105) reported the use
of P. venusta flowers to treat vitiligo by the stimulation of melanogen-
esis. These biological activities are related to phenolic compounds,
mainly flavonoids.

In vitro cell culture of P. venusta is an important source for

production of bioactive compounds (Loredo-Carrillo et al., 2012; Braga
et al., 2015; Coimbra et al., 2017), since the main problems for the
species propagation are the seasonal production of seeds and the low
percentage of germination (Rossatto and Kolb, 2010; Braga et al.,
2015). In vitro plant cell culture, especially callus culture, allows con-
tinuous production of bioactive compounds in a short time and more
flexible culture cycles; in addition, cells are free of diseases and are not
exposed to seasonal variations, and it is possible to discover products
not yet found in nature (Murthy et al., 2014; Isah et al., 2018).

Studies about callus growth and morphology are important to
identify the stages where the fundamental processes related to the
growth and development of cultures occur. From this point, we can
optimize the conditions for in vitro culture, define the exact time of
subculture of calli to a new medium or use it to produce bioactive
compounds in medicinal species (Smith, 2013). Furthermore, to know
the biochemical profile of the cultures, such as protein, amino acids and
sugars contents can aid in the early identification of morphogenic
processes that occur during cellular differentiation, growth, and
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propagation in plants (Piza et al., 2003; Santos et al., 2011). Also, ul-
trastructural analysis allows the verification of morphological aspects
related with embryogenic characteristics, enabling the early selection of
embryogenic cells while reducing cost, time and labor (Ribeiro et al.,
2012; Pádua et al., 2013).

Auxins and cytokinins are usually employed in callus induction
(Coenen and Lomax, 1997), and high auxin concentrations or a com-
bination of auxins and cytokinins are frequently used for in vitro pro-
duction of phenolic compounds, especially flavonoids (Jedinák et al.,
2004; Grąbkowska et al., 2016; Fazal et al., 2016; Anjum et al., 2017).

In a previous study, we described the effects of the interaction be-
tween auxin-cytokinin and light on calli (Fig. 1C–D) induction and
phenolic compounds production in P. venusta (Coimbra et al., 2017). In
the current study, we evaluated the growth and ultrastructure of the
primary callus during culture in order to determine calli morphology
and detect cells with embryogenic characteristics. A comparative ana-
lysis of bioactive phenolic compounds was performed using an HPLC
protocol to identify the production of these compounds throughout the
culture.

2. Material and methods

2.1. Chemicals

Agar, chlorogenic, trans-cinnamic, ferulic, caffeic and tannic acids,
apigenin, rutin, (+)-catechin hydrate, luteolin, chrysin, quercetin, 2,4-
dichlorophenoxyacetic acid (2,4-D), 6-benzilaminopurine (BAP), an-
throne, 3,5-dinitrosalicylic acid (DNS), glucose, sucrose, Coomassie
blue, bovine serum albumin, glycine, ninhydrin, Folin-Ciocalteu re-
agent, methanol and formic acid were purchased from Sigma-Aldrich
Co. (St. Louis, MO, USA).

2.2. Plant material

The explants were obtained from leaves of Pyrostegia venusta (Ker
Gawl.) Miers (Bignoniaceae) collected in the Brazilian Cerrado region
in Divinópolis, Midwest Minas Gerais State, Brazil (20°10′45.9″S and
44°55′07.2″W GRW) (SISBIO no. 24542-6). Fertile samples were col-
lected and the vouchers were identified by Andréia Fonseca Silva of
PAMG Herbarium (PAMG 56307) at the Agricultural Research
Company of Minas Gerais (EPAMIG). This work was registered in the
SisGen Platform (Register A12A940), according to Brazilian
Biodiversity Law 13.123/2015. A part of the leaves was used for
comparison of the type and amount of the primary and secondary
metabolites.

2.3. Callus induction and growth

The explants of Pyrostegia venusta were treated with 70% ethanol
(1 min), 1% NaClO (5min) and washed three times in sterilized water.
The initial explants (IE) (6 mm) were placed on basal medium MS
(Murashige and Skoog, 1962) added of 4.52 μM 2,4-di-
chlorophenoxiacetic acid (2,4-D) and 8.88 μM 6-benzylaminopurine
(BAP), with 30 g L−1 sucrose and solidified with 7 g L−1 agar (Coimbra
et al., 2017). The pH was adjusted to 5.8 ± 0.1 with 0.1 N NaOH, and
the medium was sterilized at 120 °C (1.37× 105 Pa) for 20min. The
explants were transferred to a growth chamber and kept at 27 ± 2 °C
in the absence of light. The growth pattern of callus culture was fol-
lowed using a growth curve with an interval of 10 days, for 120 days,
corresponding to the decline phase, according to Smith (2013).

Calli samples were taken to evaluate growth, morphology and pri-
mary (soluble proteins, amino acids, soluble and reducing sugars) and
secondary metabolite (total phenols and flavonoids) contents. The
chromatographic profile of the phenolic compounds also was de-
termined by HPLC for the initial explant and callus with 60 and 120
days. For assessing callus growth, the experimental design was com-
pletely randomized consisting of 25 repetitions.

2.4. Ultrastructural analyses

2.4.1. Scanning electron microscopy (SEM)
Fresh callus samples were fixed in Karnovsky's solution (2.5% glu-

taraldehyde and 2.5% paraformaldehyde) in 0.05M cacodylate buffer,
pH 7.0, for 24 h at 4 °C and prepared according to Pádua et al. (2018).
The samples were observed using a LEO EVO-40, PVX scanning electron
microscope.

2.4.2. Transmission electron microscopy (TEM)
For analysis in a transmission electron microscope, fresh callus

samples were fixed in modified Karnovsky (2.5% glutaraldehyde, 2.0%
paraformaldehyde, 0.05M cacodylate buffer, pH 7.2) for 24 h and
prepared according to the protocol described by Bossola and Russell
(1999). Semithin (0.85 μm) and ultrathin (< 100 nm) sections were cut
using a Reichrt-jung (Ultracut) ultramicrotome and stained with uranyl
acetate and lead citrate (Bossola and Russell, 1999). The observations
and electrophotographs were performed using a TE microscope Zeiss
EM 109 at 80 kV coupled to a Megaview digital camera and captured
with iTEM software (Olympus Software Imaging Solutions).

2.5. Primary metabolites profile

2.5.1. Aqueous extracts preparation
Fresh calli (500mg) were extracted with 4mL of distilled water at

4 °C using a mortar. The extract was left in a water bath at 40 °C for
30min and centrifuged at 4800×g for 30min (Santos et al., 2010). The
supernatant was collected and used for analysis of protein, amino acid,
reducing and soluble sugar contents. Determinations were performed in
triplicate using a Shimadzu UV-1800 spectrophotometer.

2.5.2. Total protein content
The total protein concentration was assessed according to Bradford

(1976). The protein content was quantified using a standard curve of
bovine serum albumin (BSA, 0–100 μg 100 μL−1), according to
Bradford (1976). The result was expressed in milligrams of total protein
per gram of fresh matter (mg PT g−1 FW).

2.5.3. Amino acid content
The amino acid content was quantified according Stein and Moore

(1948). The amino acid concentrations were determined using a glycine
standard curve (0–0.10 μmolmL−1). The result was expressed in mil-
ligrams of amino acids per gram of fresh matter (mg AA g−1 FW).

Fig. 1. Pyrostegia venusta: (A) fertile branches; (B) leaf - source of explants for in
vitro culture; (C) initial explant - fragment of the source leaf of explants; (D)
callus with 30 days of culture; (E) callus with 90 days of culture. Scale bars:
3 cm (A); 0.5 cm (B,C,D,E).
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2.5.4. Total soluble sugar content
The total soluble sugar content was estimated according to Yemm

and Willis (1954). The sugar concentration was determined using a
standard glucose curve (0–60 μgmL−1). The result was expressed in
milligrams of total soluble sugar per gram of fresh matter (mg SS g−1

FW).

2.5.5. Reducing sugar content
The reducing sugar content was quantified according to Miller

(1959). The sugar concentrations were determined using a standard
glucose curve (0–6 μmolmL−1). The result was expressed in milligrams
of reducing sugar per gram of fresh matter (mg RS g−1 FW).

2.6. Secondary metabolites profiles

2.6.1. Hydromethanolic extract preparation
Dried calli (200mg) were extracted with 10mL methanol:water

(1:1) with constant stirring for 4 h in ambient temperature using shaker
apparatus (Castro et al., 2009). The extract was filtered, and the final
volume was made up to 10mL with methanol:water (1:1).

2.6.2. Total phenols content
Phenols were quantified with 100 μL of hydromethanolic extract,

following the AOAC (1995) procedure. The total phenol content was
calculated using a calibration curve with 100 μgmL−1 tannic acid so-
lution as the standard. Determinations were performed in triplicate, and
the result was given in microgram equivalents of tannic acid per mil-
ligram of dry matter (μg ATE mg−1 DW).

2.6.3. Total flavonoids content
The total flavonoid assay was performed according to Woisky and

Salatino (1998), and flavonoid content was calculated using a calibra-
tion curve with 100 μgmL−1 rutin in a methanol solution of 2% alu-
minum chloride as standard. Determinations were performed in tripli-
cate, and the result was given in microgram equivalents of rutin per
milligram of dry matter (μg RE mg−1 DW).

2.6.4. HPLC analysis
Chromatographic profiles were obtained in a modular system liquid

chromatography Shimadzu Prominence HPLC (Shimadzu Corp., Kyoto,
Japan). The separation of compounds was performed with a reversed-
phase column Gemini C18 (4.6× 250mm, 5 μm, Phenomenex®,
Torrance, CA, USA) conditioned at 35 °C. The best chromatographic
conditions were obtained using mobile phases comprising A) water:-
formic acid (99.9:0.1) and B) methanol:formic acid (99.9:0.1) at the
proportion of 0% B (0–5min); 0–100% B (5–30min); 100% B
(30–35min). A 20 μL injection volume and a flow rate of 1.0mLmin−1

were employed. Separations were monitored at three wavelengths to
detect phenolic compounds; 254 nm and 328 nm for phenolic acids and
flavan-3-ols and 350 nm for flavones, flavonols and chalcones (Duarte-
Almeida et al., 2006). The determination of phenolic compounds was
performed by comparing retention times and UV spectrum of standards
previously injected and by data from the literature (Ruiz et al., 2013;
Abad-García et al., 2009; Chen et al., 2004; Sakakibara et al., 2003).
Three replicates were carried out on the same day.

2.7. Data analysis

The data were subjected to Shapiro-Wilk and Bartlett (χ2) tests to
check the normality and homogeneity of variances, respectively. All
variables were normally distributed and the variances were homo-
geneous. Thus, the data were subjected to F test at p˂0.05 significance
level using the Variance Analysis System of Balanced Data SISVAR 5.1
Software (Ferreira, 2011). Mean rates were further separated by Tu-
key's Test when differences were significant.

3. Results and discussion

3.1. Calli growth

Callus induction started at seven days after inoculation. Calli grew
in a sigmoidal pattern, with four distinct phases: lag (0–20th day), ex-
ponential (21st to 60th day), linear (61st to 90th day) and decline (91st
to 120th day) (Fig. 2), represented by the regression equation
y= 72,984x-15,954 (R2=0.6632). There was an accumulation of
fresh weight until the 90th day, which progressively increased
throughout the culture. The lag phase lasted until the 20th day after
inoculation, characterized by the accumulation of fresh weight, aver-
aging 0.02 g/callus. In this phase, the calli exhibited a white color. The
exponential growth phase extended from the 21st to the 60th day with
an intense cell division. In this phase, calli were yellow and friable, with
values of fresh weight of 0.47 g/callus on average, and growth of 96%
compared to the previous phase. The linear phase was observed be-
tween the 61st and 90th days of culture, with fresh weight accumula-
tion of 24% and an average of 0.81 g/callus. At this stage, calli were
friable and yellow; however, some samples showed signs of oxidation.
There was no stationary phase. From the 91st day, the culture entered
the decline phase, characterized by a 16% reduction in the values of
fresh weight, relative to the linear phase, averaging at 0.69 g/callus.
The calli were friable and predominantly dark yellow, with many oxi-
dized regions. At the end of the experimental period, calli were com-
pletely oxidized as a consequence of phenolic oxidation that induces the
formation of brown pigments (Sapers et al., 2002).

3.2. Ultrastructural analyses

Analyses carried out using SEM (Fig. 3A–F) showed predominantly
small and isodiametric cells with meristematic characteristics, able to
multiply. In the first 20 days of culture (lag phase), calli presented
rounded cells arranged in clusters and some cells in division (Fig. 3A).
Some regions with elongated cells also were observed (Fig. 3B). At 20
days of culture, corresponding to the end of the lag phase and the be-
ginning of the exponential phase, isodiametric cells with meristematic
characteristics predominated, forming clusters of cells (Fig. 3C). During
the exponential phase (21–60 days), the calli maintained the previous
pattern, with predominance of round cells, but less crowded. Between
61 and 90 days of culture (linear phase), the calli showed numerous
compact isodiametric cell masses, similar to pro-embryogenic struc-
tures (Fig. 3D). At 90 days, cellular organizations were observed in
clusters. The cells presented a membranous layer on the cell surface

Fig. 2. Callus growth of Pyrostegia venusta on MS medium with 4.52 μM 2,4-D
and 8.88 μM BAP in absence of light. Data represent the average of 25 re-
plications ± standard deviation (SD). I – lag phase (0–20 days), II – ex-
ponential phase (21–60 days), III – linear phase (61–90 days), IV – decline
phase (91–120 days).
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indicating morphogenic capacity (Fig. 3E). Some ruptured cells were
observed, indicating the start of the senescence of culture. In the decline
phase, from 91st day of culture, the calli showed mostly elongated and
ruptured cells, especially at 120 days of culture (Fig. 3F).

Similar morphology was also found in morphogenic callus of
Actinidia deliciosa cv. Hayward (Popielarska et al., 2006) and embryo-
genic callus of Boesenbergia rotunda (Ng et al., 2016). In many studies of
in vitro plant culture, SEM analysis revealed that morphogenesis is
linked to the appearance of a fibrillar network, referred to as the ex-
tracellular matrix surface network (Šamaj et al., 1995). The chemical
composition and structural arrangement of the extracellular matrix
surface on the cell surface indicate a fundamental role in cell-to-cell
recognition and interaction, cell division and differentiation and also in
the generation and maintenance of some traits in plant cell populations
(Bobák et al., 2003/4). On the other hand, during preparation of ma-
terial for SEM observations, critical-point drying may cause shrinkage
and hole formation in the extracellular surface layer covering mor-
phogenic cells (Šamaj et al., 1999).

Analysis by TEM (Fig. 3g–l) showed in the lag phase, calli cells with
dense cytoplasm, large nuclei, small vacuoles, thin cell walls and starch
grains (Fig. 3G). These characteristics suggest an intense synthesis of
RNA and extensive metabolic activity (Aslam et al., 2011). Starch ac-
cumulated in callus cells could provide large amounts of energy re-
quired for organ initiation and further development (Forters and Pais,
2000). In the exponential phase, calli cells showed starch grains, large
vacuoles, thin cell walls and absence of intercellular spaces (Fig. 3H). In
the linear phase, a well-developed nucleus, nucleolus and thin cell
walls, apparent dictyosome, vesicles and numerous mitochondria and
absence of intercellular spaces were observed (Fig. 3I). The isodiametric
shape of the mitochondria is an important characteristic of both high
metabolic activity and respiration rate (Kaewubon et al., 2015). From

100 days of culture (decline phase), there were cells in three different
stages: 1) cells with a large amount of electron-dense granules (vesicles
containing dense pigmentation consisting of a dark osmiophilic mate-
rial) (Fig. 3J), similar to that observed in the browning callus of Den-
drobium crumenatum by Kaewubon et al. (2015); 2) fully vacuolated
cells without visible organelles (Fig. 3K); and 3) cells with disrupted cell
membranes with leakage of cytoplasmic contents, showing the process
of cell senescence (Fig. 3L). Thick cell walls, evident intercellular spaces
and starch granules were also observed. The presence of large or nu-
merous vacuoles is involved in the cellular degradation process, and the
vacuole plays an essential role in the programmed cell death process
(Lam et al., 2000; Graner et al., 2015).

Image analysis by SEM and TEM have been used not only to un-
derstand embryogenesis and organogenesis in vitro, but also for quality
control of cell culture (Ibaraki and Kenji, 2001), cytological and cyto-
genetic events (Fras et al., 2007), cell viability (Herrera et al., 2011;
Chiavegatto et al., 2015), programmed cell death (Graner et al., 2015),
and browning (Kaewubon et al., 2015). However, the isolated use of
SEM and TEM is not enough to clarify these questions.

3.3. Primary metabolites profile

The highest protein and amino acid contents were observed at 10
days of culture corresponding to the lag phase and were also higher
than those observed in the initial explant (Fig. 4A and B). This result
reflects the nutritional status supplied by the mother plant to explant
and used to start the callus growth (Santos et al., 2010). After 20 days of
culture, in the exponential phase, the total protein content decreased
and in general, the total amino acids content remained significantly
lower than in the beginning of the culture and in the initial explant
(P < 0.05). At 70 days of culture, in the linear phase, the calli culture

Fig. 3. Scanning (A-F) and transmission (G-
L) electron photomicrographs of P. venusta
calli. (A) lag phase – cell in division (arrow);
(B) lag phase – elongated cells; (C) ex-
ponential phase – isodiametric cells with
meristematic characteristics; (D) linear
phase – cell masse (cluster); (E) linear phase
– detail of the cluster of cells; (F) decline
phase – elongated (arrows) and ruptured
cells (head arrows); (G) lag phase cells: see
bulky nucleus with prominent nucleolus,
starch granules and thin cell wall; (H) ex-
ponential phase with cells in division; (I)
linear phase: cells with mitochondria, dic-
tyosome and thick cell wall in detail; (J)
vacuolated cells at the start of the decline
phase with thick cell wall and osmiophilic
deposition (arrows); (K) vacuolated cells in
the decline phase: see the presence of in-
tercellular spaces; (L) detail of the cell wall
at the end of the decline phase: see the
presence of plasmodesmata (arrows) and
starch granules. Abbreviations: s – starch
granules; is – intercellular spaces; cw – cell
wall; mi – mitochondria; d – dictyosome; nu
– nucleus; ni – nucleoli. Scale bars: 20 μm
(A-F); 10 μm (H,J,K); 2 μm (G); 1 μm (I,L).
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exhibited an increase in the total protein content, indicating changes in
cell metabolism, which requires specific proteins for the cell expansion
and other functions (Costa et al., 2015). From this point, in general, the
proteins and total amino acids contents decreased until the decline
phase, mainly at 110 days of culture.

Calli showed high soluble and reducing sugar contents at 10 days of
culture (lag phase) and in general, these contents were higher than in
the initial explant during the culture (Fig. 4C and D). The soluble sugar
contents oscillated in all the subsequent phases, and high concentra-
tions of these metabolites were observed at 50 days (exponential phase)
and 100 and 120 days (decline phase), similar to the 10 days of the lag
phase (P < 0.05) (Fig. 4C). The reducing sugar content remained re-
latively high throughout the exponential phase and in the beginning of
linear phase, at 70 days of culture (Fig. 4D). From this point, the con-
tents decreased until 120 days of culture, corresponding to the decline
phase. Increases in sugar content can result in reduced photosynthetic
capacity and beginning of the senescence process. The mechanisms
involved in the regulation of sugar metabolism and senescence remains
unclear. Sugars can trigger a process of autophagy involved in the re-
gression of the cytoplasm, including organelles, and recycling of re-
spiratory substrates (Love et al., 2008).

3.4. Secondary metabolites profile

In general, phenols and flavonoids contents showed an inverse re-
lationship with callus growth, and the highest total phenols and fla-
vonoids contents were observed at 10 days of culture (0.53 and
0.42 μgmg−1 of DW respectively) during the lag phase and were also
higher than those observed in the initial explant (Fig. 5A and B).

Therefore, the contents of these compounds decreased significantly in
all subsequent phases (exponential, linear and decline) (P < 0.05) and
the amounts remained close to the initial explant from 60 to 50 days for
the total phenols and flavonoids, respectively. These results indicate
that the degree of differentiation of culture affects the biosynthesis of
phenolic compounds, as reported in Schisandra chinensis by Szopa and
Ekiert (2012), where a different accumulation of phenolic acid was
found in undifferentiated and organogenic calli. Loredo-Carrillo et al.
(2012) suggested that the supplementation of the medium with higher
concentrations of sucrose can increase phenolic compounds production
in P. venusta calli. According to Naik et al. (2010), the decrease in the
phenolic compounds contents during callus growth is associated with
the consumption of sucrose; so, it is necessary periodic subcultures to
renew carbon sources for the construction of new molecules. Phenolic
compounds are described as carbon-based secondary compounds, and
biochemical and molecular studies strongly support the idea that the
levels of carbon-based secondary compounds are positively linked to
the contents of available photosynthates (carbon, C) and negatively
linked to growth and nutrient status (nitrogen, N) in plants (Nybakken
et al., 2011).

Previous studies have also shown the possibility of obtaining high
phenolic compounds content in vitro, as reported by Diwan et al. (2012)
in Ruta graveolens (Rutaceae) and Giri et al. (2012) in Habenaria edge-
worthii (Orchidaceae). The phenolics in the leaves of P. venusta have
different biological activities and their production is preserved in the
callus cultures (Loredo-Carrillo et al., 2012; Braga et al., 2015; Coimbra
et al., 2017).

Hydromethanolic extracts from the initial explant and calli at 60
and 120 days of culture were subjected to HPLC for the analysis of

Fig. 4. Primary metabolites contents and fresh weight of the Pyrostegia venusta calli. (A) Total protein; (B) Total amino acids; (C) Total soluble sugars; (D) Total
reducing sugars. Bars show the average of three replicates ± standard deviation. IE – initial explant; PT – proteins; AA – amino acids; SS – soluble sugars; RS –
reducing sugars; FW – fresh weight.
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Fig. 5. Secondary metabolites contents and dry weight of the Pyrostegia venusta calli. (A) Total phenols and (B) Total flavonoids. Bars show the average of three
replicates ± standard deviation. IE – initial explant; TAE – tannic acid equivalent; RE – rutin equivalent; DW – dry weight.

Fig. 6. Profile by high-performance liquid chromatography of the hydromethanolic extracts of Pyrostegia venusta calli on MS medium containing 4.52 μM 2,4-D and
8.88 μM BAP. Chromatograms at 254 nm. (A) initial explant; (B) 60 days of culture; (C) 120 days of culture. Peaks 1–3A: benzoic acid derivatives; Peak 4A: p-
coumaric acid derivative; Peak 5A: rutin; Peaks 6–11A: p-coumaric acid derivatives; Peaks 1–5B and 1–4C: caffeic acid derivatives.
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phenolic compounds, due to the similarity of the chromatographic
profile observed by thin-layer chromatography (data not shown). The
analysis of the initial explant and calli indicated the presence of the
phenolic acids and flavonoids derivatives (Fig. 6). Results from the
initial explant (Fig. 6A) suggested the presence of three benzoic acid
derivatives (di- and tri-hydroxylated) (peaks 1–3), seven derivatives
from p-coumaric acid (peaks 4 and 6–11) and rutin (peak 5). In calli
extracts, nine caffeic acid derivatives were detected, with five com-
pounds in calli at 60 days of culture (Fig. 6B) and four compounds in
calli at 120 days of culture (Fig. 6C).

A preferential production of caffeic acid derivatives at 60 and 120
days of callus culture were observed. These compounds avoid excessive
oxidation and senescence, since caffeic acid and their derivatives are
potent scavengers of free radicals and inhibitors of lipidic peroxidation
(Olmos et al., 2008). In addition, they have an important role in pro-
tecting plants against infections (Leiss et al., 2009). The production of
the large variety of phenolic acids in in vitro cultures is frequently re-
ported (Szopa et al., 2012, 2013, 2018; Amoo et al., 2017; Szopa and
Ekiert, 2012, 2014). Caffeic acid and their derivatives have been widely
studied, and there are several studies evidencing their biological ac-
tivities as anticancer agents (Zeng et al., 2018), and antioxidant
(Urbaniak et al., 2017; Marković and Tošović, 2016), cytotoxic, geno-
toxic and antimicrobial effects (Matejczyk et al., 2018; Shen et al.,
2018).

4. Conclusion

The results demonstrate the potential of the P. venusta calli as a new
source of caffeic acid derivatives. The morphological aspects need to be
combined with the phytochemical profile to contribute to the effective
characterization of the cultures and aid in the identification of the
physiological changes in the callus culture. The in vitro production of
caffeic acid derivatives encourages further studies to obtain other
phenolic compounds of pharmacological and commercial interest.
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