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Abstract Passiflora pohlii Mast. is a wild species native

to Brazil, with potential agronomic interest. Although there

are few studies on this particular species, recent works

described several biological activities in other species of

the genus. The goal of this work was to establish adven-

titious roots cultures from stem and root segments excised

from in vitro-grown plants of P. pohlii, as well as to per-

form phytochemical analyses and evaluate the antioxidant

potential of extracts obtained from the in vitro materials, in

comparison with in vivo-grown plants. The influence of

different parameters (type of explant, culture systems,

light, and type and concentrations of auxins) on the

induction of adventitious roots was evaluated. Internodal

segments showed the best rhizogenesis induction on

solidified medium supplemented with 2.7 lM NAA,

whereas root segments showed the highest proliferation

rate on liquid medium supplemented with 2.85 lM IAA,

both in the absence of light. TLC analysis indicated the

presence of saponins in extracts from all in vivo and

in vitro-derived materials. The antioxidant potential was

determined by DPPH and TLC-DPPH assays. The highest

antioxidant activities were observed in extracts from pri-

mary and secondary roots of in vivo-grown plants. The

characterization of the phytochemical profile of the in vitro

and in vivo materials, as well as their pharmacological

potential are reported for the first time for this species.

Keywords Passionfruit � Auxins � Chromatography �
Antioxidant � Saponins

Key message

Evaluation of different culture systems and types and

concentrations of auxins for the establishment of

adventitious root cultures, and analysis of phytochemical

profile and antioxidant activity of Passiflora pohlii Mast.

Introduction

The genus Passiflora (Passifloraceae) comprises approxi-

mately 560 species, with tropical and subtropical distri-

bution. Brazil is considered an important origin center of

the genus, with 150 known species (Bernacci et al. 2013).

In spite of the great diversity, few species are commercially

cultivated, mainly Passiflora edulis, P. edulis f. flavicarpa

and P. alata. In addition, several species are used in folk

medicine and some of them are present as official drugs in

the pharmacopeias of several countries (Dhawan et al.

2004).

Pharmacological properties of extracts from different

plant materials of Passiflora species have been addressed

to their anxiolytic, sedative, analgesics, anti-inflammatory,

antihyperglycemic and antioxidant activities, which have

been associated to the presence of a number of compounds

such as flavonoids, alkaloids, polyphenols and saponins,

revealed by phytochemical studies carried out during the

last decades (Dhawan et al. 2004; Gosmann et al. 2011).

Passiflora pohlii Mast. is a wild species native to Brazil,

mainly found in the Atlantic Forest, Cerrado and Pantanal
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(Bernacci et al. 2013), which are regions highly impacted

by human actions. It has an important agronomic potential

due to its tolerance to soil-borne pathogens from genus

Phytophthora, which cause damages to the passion fruit

culture (Junqueira et al. 2005). However, to our knowledge,

there are no phytochemical or pharmacological studies for

this species.

Biotechnological methods are considered important tools

for large-scale production of uniform and healthy plants,

under controlled conditions. These techniques also provide

an alternative for the production of high-value phytochem-

icals, which may be limited by seasonal variations, envi-

ronmental factors, and unsustainable natural harvest (Wilson

andRoberts 2012). Adventitious root cultures are considered

a promising approach for producing bioactive molecules,

since plant roots are naturally capable to synthesize and

storage a great diversity of secondary metabolites and pro-

teins, and may display similar phytochemical patterns of the

in vivo-derived roots (Bais et al. 2001; Flores et al. 1999).

Moreover, when compared to unorganized cultures, like

calluses and cell suspensions, adventitious roots are con-

sidered to be more stable, and to accumulate greater amount

of secondary metabolites in the intercellular spaces, which

facilitate their isolation (Sivakumar 2006). These cultures

can be achieved either by genetic transformation with

Agrobacterium rhizogenes or manipulating the in vitro cul-

ture conditions. In general, non-transformed roots are more

suitable for secondary metabolites production, since they are

free from opine like substrates, which may be lethal to

mammalian cells (Choi et al. 2000).

Although many adventitious root cultures are used for

several cultivated species, the mechanisms that control rhi-

zogenesis are poorly understood (Verstraeten et al. 2013). In

general, the development of these roots is a complex process,

controlled by hormone signals, specially auxins, and envi-

ronmental factors, involving cellular dedifferentiation, in

which predetermined cells change the morphogenetic route

to give rise to the root primordia. At natural conditions,

adventitious root formation is generally preceded by a rapid

increase of ethylene concentration, mainly due to the phys-

ical retention of this hormone in the submerse root,

increasing tissue sensibility to endogenous auxins (George

et al. 2008; Hasan and Hussein 2013). However, under

in vitro conditions, ethylene release is related to the

mechanical injuries caused by the excision of explants, thus

providing the necessary signals to capture both endogenous

and exogenous auxins for the formation of unorganized tis-

sue or adventitious roots and shoots (George et al. 2008).

Several authors reported the influence of medium con-

sistency (Blidar et al. 2011; De la Viña et al. 2001; Kadota

et al. 2001; Cui et al. 2011; Scherwinski-Pereira et al.

2012), as well as the type and concentration of plant

growth regulators in root induction and proliferation

capacity of the cultures (Sudha and Seeni 2001; Nanda-

gopal and Kumari 2007; Hasan and Hussein 2013). Suc-

cessful adventitious root systems have been developed for

secondary metabolite production of several medicinal

plants, including Echinacea angustifolia (Wu et al. 2006),

Panax ginseng C.A. Meyer (Paek et al. 2009) and Hyper-

icum perforatum L. (Cui et al. 2011).

Detection, quantification, isolation, and identification of

such phytochemical compounds are commonly carried out

by chromatography techniques, like thin layer chromatog-

raphy (TLC) and high pressure liquid chromatography

(HPLC). Although HPLC techniques, such as HPLC–UV

or HPLC/ESI-MS, provide rich information on compounds

structures, which can be obtained from the MS spectra (Ha

et al. 2006; Sun et al. 2007), TLC technique allows the

determination of large number of samples simultaneously,

thus being considered an easy, fast and low cost approach

for the identification, characterization and quality assur-

ance of plant compounds (Wagner and Bladt 2001; Birk

et al. 2005).

In a previous study with P. pohlii we established effi-

cient protocols for shoot regeneration and callus induction

from stem explants of in vitro plants (Merhy 2014; Merhy

et al. 2014). Here, we describe the induction and prolifer-

ation of adventitious roots of P. pohlii from stem and root

explants, and investigate the effects of different culture

systems and type and concentration of auxins on these

processes, also exploring their phytochemical composition

and antioxidant potential.

Materials and methods

Plant material and culture conditions

In vitro-grown plants of P. pohlii cultured on solidified �
MSM medium (Monteiro et al. 2000), supplemented with

3 % (w/v) sucrose, and solidified with 0.7 % (w/v) agar

(Merck) for 3 years were used as sources of explants.

Basal media consisted of MSM salts, containing MS

(Murashige and Skoog 1962), vitamins, 3 % (w/v) sucrose,

and solidified with 0.7 % (w/v) agar. MSM medium for-

mulation is a modification of MS medium based on the

composition of leaves of field-grown plants of P. edulis f.

flavicarpa. It presents reduced concentrations of nitrogen,

potassium, zinc, boron and chloride, associated to

increased concentrations of calcium, magnesium, sulfur,

iron, manganese, copper, sodium and EDTA, and does not

contain iodine. The reduction of chloride is provided by

changing the calcium source from calcium chloride to

calcium nitrate. The pH for all media was adjusted to 5.8

and growth regulators were added at different concentra-

tions before autoclaving for 15 min at 121 �C. All
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inorganic chemicals used were P.A. grade, and biochemical

reagents were of the best grade available from Sigma

Chemical Co.

Cultures were maintained in a growth chamber at

25 ± 2 �C in the dark or under a 16 h photoperiod, using a

total irradiance of 46 lmol m-2 s-1 provided by cool-

white fluorescent lamps.

Induction of adventitious roots from stem segments

Nodal (0.5 cm) and internodal segments (1.5 cm) excised

from in vitro-grown plants were inoculated on MSM solid

medium supplemented with different concentrations of

naphthaleneacetic acid (NAA) (0.54, 2.7, 5.4 lM), indole-

3-acetic acid (IAA) (0.57, 2.85, 5.7 lM) or indole-3-bu-

tyric acid (IBA) (0.49, 2.45, 4.9 lM). Alternatively,

explants were inoculated on liquid medium (static or under

agitation, 100 rpm) or placed onto paper bridges (discs of

Whatman� No. 1 filter paper supported by glass beads)

using 15 mL of MSM medium with the same range of the

above auxins concentrations. For control, stem explants

were inoculated on medium without growth regulators

(MSM0). Four flasks (11 9 5.5 cm) closed with

polypropylene caps containing five explants placed hori-

zontally were used per treatment and each experiment was

repeated twice. Cultures were maintained for 60 days in the

presence or absence of light. After this period, root fresh

and dry weights were determined. For biomass determi-

nation, the harvested roots were washed with running

water, and then rinsed with distilled water. Fresh weight

(FW) was determined after blotting the washed roots on

filter paper. Dry weight was obtained after drying roots at

60 �C to constant weight (approximately 24 h). Biomass

accumulation was calculated as the ratio between final and

initial values of fresh and dry weights.

For the evaluation of the proliferative capacity of the

adventitious roots, 1 g of roots derived from the internodal

segments cultured on solid MSM medium supplemented

with 2.7 lM NAA, in the absence of light, were transferred

to fresh medium of the same composition, using three

different culture systems: liquid medium under agitation,

paper bridges over liquid medium or double-phase medium

(10 mL liquid medium over 20 mL solid medium). Four

flasks (11 9 5.5 cm) were used per treatment and each

experiment was repeated twice. Cultures were maintained

for 60 days in the absence of light. After this period, root

fresh and dry weights were determined and biomass

accumulation was calculated as described above.

Root multiplication from root segments

Root segments (2 cm) without lateral roots were excised

from in vitro-grown plants and cultured in 250 mL

Erlenmeyer flasks containing 50 mL of liquid MSM0 or

MSM supplemented with NAA (0.54, 2.7, 5.4 lM), IAA

(0.57, 2.85, 5.7 lM) or IBA (0.49, 2.45, 4.9 lM). Five

flasks closed with a double blade aluminum cap and con-

taining three explants were used per treatment and the

experiments were repeated twice. Cultures were main-

tained on a rotatory shaker (100 rpm), in the presence or

absence of light for 60 days. After this period, root fresh

and dry weights were evaluated as described above.

Extract preparation

Extracts from dry roots excised from in vivo and in vitro

plants, as well as from adventitious roots derived from

internodal and root segments were prepared separately,

using 40 % ethanol under reflux (1:10, plant:solvent, w/v)

for 1 h, as described by Birk et al. (2005). The extracts

were then dried in hot water bath (90 �C), and sample

solutions (10 mg/mL) were prepared ultrasonically using

methanol as solvent.

TLC analysis

For TLC analysis, each sample was directly applied on

silica gel-coated TLC aluminium plates (Si gel 60

UV254nm, Marcherey–Nagel, 20 9 20 cm plates). Flavo-

noid analysis was carried out using AcOEt:formic

acid:AcOH:H2O (100:11:11:26, v/v) as the mobile phase

(Wagner and Bladt 2001). Two identical TLC plates were

prepared: one plate was sprayed using a vanillin-sulfuric

acid solution (1 % ethanolic vanillin and 10 % sulfuric

acid) before heating (100 �C) for 5–10 min, and the other

one was sprayed using 1 % methanolic solution of

diphenylboryloxyethylamine (Sigma Aldrich�), followed

by spraying with 5 % (w/v) PEG 4000 (Natural Product

Reagent—polyethyleneglycol) as colour reagents. Spots

were observed under visible light and UV light (365 nm).

Saponinswere analyzed usingCHCl3:AcOH:MeOH:H2O

(60:32:12:18, v/v) as the mobile phase (Wagner and Bladt

2001). TLC plates were then sprayed using anisaldehyde-

H2SO4 before heating (100 �C) for 5–10 min, and visualized

under visible light.

Determination of antioxidant potential

DPPH assay

Free radical scavenging capacity was measured using the

DPPH assay, according to Brand-Williams et al. (1995).

Briefly, 25 lL of extracts diluted in 100 % methanol (1, 5,

10, 20, 30, 40, 50 g L-1) were added to a 60 lM DPPH

MeOH solution (975 lL). The DPPH solution in the

absence of the extract was used as negative control and
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MeOH was used as blank. The samples were incubated for

2 h in the dark at room temperature, and the decrease in

absorbance was spectrophotometrically quantified at

515 nm (Shimadzu UV-B382). Measurements were per-

formed in triplicate. The percentage of DPPH reduction

was calculated using the following equation:

DPPH quenching %ð Þ ¼ A0 � A1ð Þ=A0 � 100;

where A0 is the absorbance of the control and A1 is the

absorbance in the presence of the extract.

The EC50, which corresponds to the extract concentra-

tion (g L-1) required for quenching 50 % of the initial

DPPH radicals under a given experimental condition, was

determined graphically (Brand-Williams et al. 1995). The

same procedure was carried out with methanol solution of

quercetin (0.01–0.15 g L-1), which was used as standard.

Qualitative DPPH assay on TLC

TLC was used to separate constituents of extracts as

described above. To detect antioxidant activity, plates were

sprayed with 0.2 % DPPH solution in methanol, and

maintained in the dark for 1 h. The presence of antioxidant

compounds was detected by yellow spots against a purple

background (Masoko and Eloff 2007).

Statistical analysis

Roots and callus formation rates were expressed as per-

centage of responsive explants. All experiments were

repeated twice, using four replicates each containing five

explants. Data were subjected to analysis of variance

(ANOVA) and comparisons of means were carried out with

Tukey–Kramer comparisons test at 0.05 % significance

level using the software GraphPad Instat.

Results

Adventitious root formation from stem segments

Stem segments of P. pohlii cultured on MSM supple-

mented with different concentrations of NAA, IBA or IAA,

using the four culture systems tested, showed the formation

of adventitious roots, at distinct frequencies (Table 1). In

the presence of IBA or IAA, explants gave rise to small and

thin roots at low frequencies (data not shown), while cal-

luses and adventitious roots were observed in response to

NAA, irrespective of the culture system.

Internodal segments cultured on liquid MSM medium

(static or under agitation) showed root and callus formation

at low rates. However, when cultured on solid MSM

medium or paper bridges over liquid medium

supplemented with NAA 2.7 lM, in the dark, the same

explants showed 100 % rhizogenesis, with low rates of

callus formation (20 %; Table 1). Root formation occurred

directly from the explants, after 12 days of culture. White

and thin adventitious roots originated directly from the

surface of the explants, turning into yellow and thick roots

during the culture (Fig. 1a, b). Although the same regen-

eration pattern was observed in both culture systems,

highest biomass accumulation was observed when explants

were cultured on solid MSM medium (Table 2).

Nodal segments showed low rates of rhizogenesis,

except when cultured on solid MSM medium supplemented

with 0.54 lM NAA (Fig. 1c) or on paper bridges over

liquid MSM medium supplemented with 2.7 lM NAA (90

and 80 %, respectively; Table 1). However, since these

systems also resulted in high callus formation (100 %),

they were not selected for further experiments. In addition,

nodal explants cultured in the presence of different con-

centrations of IAA or IBA, showed only callogenesis in all

culture systems (data not shown).

The proliferative capacity of the adventitious roots

induced from internodal segments cultured on solid MSM

medium supplemented with 2.7 lM NAA was evaluated

on liquid medium under agitation, paper bridges over

liquid medium or double-phase medium, with the same

conditions of the induction phase. Roots maintained on

liquid medium under agitation did not show increase of

the biomass. On the other hand, root multiplication was

observed on paper bridges, and in the double-phase sys-

tem (Fig. 1d, e). The highest dry matter accumulation

(0.334 g) was achieved from adventitious roots main-

tained on double-phase medium when compared to those

maintained onto paper bridges (0.112 g) (Fig. 2). In

addition, the material maintained in the double-phase

system was morphologically similar to the roots induced

from the stem segments. Newly formed roots were thin

and white, turning into thick and yellowish during the

culture. Root proliferation started after 7 days of culture,

in darkness, and this multiplication capacity continued up

to 60 days of culture, covering all medium surface. High

proliferative capacity was sustained over repeated

subcultures.

Root multiplication from root segments

Root segments excised from in vitro-grown plants of P.

pohlii and cultured in the different culture systems tested

(solid medium, paper bridges over liquid medium or dou-

ble-phase medium) showed low proliferative capacity,

independent of the type and concentration of the growth

regulator used. On the contrary, a significant biomass

increase was observed when root explants were cultured for

60 days on MSM liquid medium supplemented with IAA,
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IAB or NAA, and maintained under agitation (100 rpm) for

60 days, in the darkness (Fig. 1f–h).

The highest multiplication rate was achieved from

explants cultured in the presence of 2.85 lM IAA (0.203 g

dry weight), although no statistical differences were

observed when compared to the other treatments (Fig. 3).

Yellowish and thin roots were observed from these

explants after 7 days of culture, with subsequent elongation

after 12 days. On the other hand, roots obtained in response

to NAA were smaller and thicker, similar to those obtained

from the stem segments in response to the same growth

regulator (Fig. 1h).

TLC analysis

TLC analysis of extracts from the different materials of P.

pohlii using both vanillin-sulfuric acid solution and NP/

PEG as color reagents did not reveal flavonoid-related

spots (data not shown). On the other hand, saponin analysis

of TLC plates showed that all extracts presented similar

chromatographic profiles, with orange (RF = 0.58) and

dark-blue spots (RF = 0.27–0.36), except for the extract

from adventitious roots derived from internodal segments

cultured on MSM medium supplemented with 2.70 lM
NAA (Fig. 4). It was also possible to verify two other dark-

brown and red spots (RF = 0.44 and 0.48, respectively) in

extracts from primary and secondary roots from in vivo-

grown plants.

Determination of antioxidant potential

DPPH assay

The evaluation of the antioxidant potential of the extracts

from different in vivo and in vitro materials of P. pohlli

revealed the presence of substances with antioxidant

activity, since all samples showed radical scavenging

capacity (Table 3).

The EC50 values ranged from 446.70 to 0.18 g L-1. The

highest antioxidant potentials were observed in extracts

from primary and secondary roots excised from in vivo

plants, which showed the lowest EC50 values (0.18 and

3.05 g L-1, respectively). On the other hand, extracts from

adventitious roots derived from internodal segments dis-

played the lowest radical scavenging capacity

(EC50 = 446.70 g L-1; Table 3).

Qualitative DPPH assay on TLC

The TLC-DPPH screening method indicated the presence

of antioxidant compounds only in extracts from roots

excised from in vivo-grown plants, after spraying the TLC

plates with DPPH. The most prominent compounds were at

the bottom of the TLC plate, and at RF = 0.2, indicating

very polar substances. The degree of activity of all the

samples tested was determined qualitatively from obser-

vation of the yellow color intensity (Fig. 5).

Table 1 Induction of adventitious roots from stems segments of P. pohlii cultured on MSM medium supplemented with different concentrations

of NAA for 60 days

NAA Culture system Internodal segments Nodal segments

Light Darkness Light Darkness

Roots (%) Callus (%) Roots (%) Callus (%) Roots (%) Callus (%) Roots (%) Callus (%)

0.00 lM PB – – – – – – – –

LMA – – – – – – – –

SLM – – – – – – – –

SM – – – – – – – –

0.54 lM PB 4 – 28 25 20 – 64 20

LMA 28 – 40 40 12 – 24 20

SLM – – 28 – 4 – 24 20

SM 10 100 95 20 – 100 90 100

2.70 lM PB 28 100 100 20 20 80 80 100

LMA 80 40 60 20 12 – 36 20

SLM – – – – – – – –

SM – – 100 20 – – 75 100

5.40 lM PB 12 80 20 100 12 80 4 100

LMA – – – 100 – – – 100

SLM – – – – – – – –

SM – – 90 100 – – 60 75

PB Paper bridges over liquid medium, LMA liquid medium under agitation, SLM static liquid medium, SM solidified medium
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Discussion

Adventitious root cultures are often employed for the

production of secondary metabolites, since these organs are

potential sources of a great diversity of bioactive molecules

(Bais et al. 2001; Flores et al. 1999). In this work, we

established efficient protocols for the induction of adven-

titious roots from internodal and root segments of P. pohlii,

in response to NAA and IAA, respectively, using different

culture systems. Although most studies reports the auxin

IBA as the most efficient for rhizogenesis, regardless the

type of explants (Ludwig-Müller et al. 2005; Ling et al.

2009; Hasan and Hussein 2013), the highest rates of

induction of adventitious roots from stem and root explants

of P. pohlii were observed in response to NAA and IAA,

respectively, at different concentrations and culture

Fig. 1 Adventitious root

cultures of P. pohlii from stem

and root segments excised from

in vitro plants obtained in

response to different NAA

concentrations, light and

distinct culture systems.

a Adventitious roots from

internodal segments cultured on

MSM solid medium

supplemented with 2.7 lM
NAA for 60 days, in the dark;

b Adventitious roots from

internodal segments cultured on

paper bridge over liquid MSM

medium supplemented with

2.7 lM NAA for 60 days, in the

dark; c Adventitious roots from

nodal segments cultured on

MSM solid medium

supplemented with 0.54 lM
NAA for 60 days, in the dark;

d Root multiplication on

double-phase MSM medium

supplemented with 2.7 lM
NAA, after 60 days in the dark;

e Root multiplication on paper

bridge over liquid MSM

medium supplemented with

2.7 lM NAA, after 60 days in

the dark; f–h Adventitious root

proliferation from root segments

cultured on liquid MSM

medium supplemented with

f 2.85 lM IAA, g 4.9 lM IBA

and h 5.4 lM NAA, maintained

under agitation for 60 days in

the dark. Bar 1 cm
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systems. However, roots obtained from both explants on

media with NAA were morphologically different from

those obtained in response to IAA or IBA, and displayed

occasional callus formation. These aspects were also

observed by Sudha and Seeni (2001) and Nandagopal and

Kumari (2007), in adventitious roots cultures of Decalepsis

arayalpathra and Cichorium intybus L., respectively.

The better efficiency for root induction in the absence of

light was also observed in this work, except for the

internodal segments cultured on liquid medium supple-

mented with 2.70 lM NAA, under agitation. This result is

consistent with those reported for D. arayalpathra (Sudha

and Seeni 2001), Eleutherococcus sessiliflorus (Jin-Wook

et al. 2003) and C. intybus L. (Nandagopal and Kumari

2007), and can be related to the inhibitory effect of light on

the activity of peroxidase and endogenous phenolic com-

pounds, necessary to the metabolism of auxins and rhizo-

genesis induction (Druart et al. 1982).

Another important parameter evaluated in this work was

the effect of different culture systems on the establishment

of in vitro root cultures, which was specific for each

explant type. Internodal segments showed the best root

induction rates on medium solidified with agar, while root

segments had higher proliferation rate in liquid medium

under agitation. The success of liquid medium systems for

adventitious root multiplication has already been reported

Fig. 2 Biomass (g) of

adventitious roots of P. pohlii

derived from internodal

segments after culture on MSM

medium supplemented with

2.7 lM NAA, at different

culture systems for 60 days

Table 2 Biomass (g) of

adventitious roots induced from

stem segments of P. pohlii

cultured on MSM medium

supplemented with NAA, using

different culture systems, for

60 days

NAA Culture system Internodal segments Nodal segments

Light Darkness Light Darkness

0.54 lM PB – 0.014 ± 0.003b – 0.015 ± 0.005b

LMA – – – –

SLM – 0.012 ± 0.001b – 0.052 ± 0.01a

SM – 0.046 ± 0.007a – 0.053 ± 0.01a

2.70 lM PB – 0.014 ± 0.001b – 0.017 ± 0.002b

LMA 0.096 ± 0.02a – – –

SLM – – – –

SM – 0.099 ± 0.01a – 0.068 ± 0.02a

5.40 lM PB – – – –

LMA – – – –

SLM – – – –

SM – 0.082 ± 0.02a – 0.090 ± 0.03a

Mean ± SE; means within each column followed by the same letter are not significantly different at

p B 0.05

PB Paper bridges over liquid medium, LMA liquid medium under agitation, SLM static liquid medium, SM

solidified medium
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by several authors (Sudha and Seeni 2001; Nandagopal and

Kumari 2007; Cui et al. 2011) and can be assigned to the

increased aeration, mitigation of the effects of the polarity

and greater availability of water and nutrients for the whole

explant surface (Adelberg and Toler 2004). However, the

high root induction rates observed from stem explants

Fig. 3 Biomass (g) of

adventitious roots of P. pohlii

derived from root segments

excised from in vitro-grown

plants and cultured on liquid

MSM medium under agitation

and supplemented with different

types and concentrations of

auxins, in the absence of light

for 60 days
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cultured on solid medium may be attributed, in addition to

the particular endogenous composition of each segment, to

the presence of the gelling agent in the culture media, which

may form a mesh that limits the access to nutrients and

growth regulators, thus stimulating root development in

order to overcome their unavailability in areas of themedium

near the explants (Blidar et al. 2011; George et al. 2008).

Even though the induction of adventitious roots from

internodal segments was successfully achieved in solid

medium, the use of double-phase medium seemed to be

more efficient for their multiplication. This behavior might

be associated with the need for a physical support offered

by the basal layer of solid medium, which allows the

explants to be partially submerged into the medium,

facilitating gas exchange between the tissue and the culture

environment (George et al. 2008). Another advantage of

the double-phase medium is the reduction of the manipu-

lation during in vitro culture, since it is possible to add only

fresh liquid medium, eliminating the need of periodic

subcultures (Scherwinski-Pereira et al. 2012). Double-

phase systems have been successfully reported for the

micropropagation of japanese pear (Kadota et al. 2001) and

pineapple (Scherwinski-Pereira et al. 2012). On the other

hand, although filter paper bridges over liquid medium also

act as a physical support, allowing the explants to be par-

tially in contact with the liquid medium, with suitable gas

exchange rates, this system was not as effective when

compared to the use of the double-phase medium, probably

due to the filter paper acting as a physical barrier, hindering

the uptake of nutrients and growth regulators (De la Viña

et al. 2001). Similar results were described by Savio et al.

(2012) for the micropropagation of H. perforatum L.,

where the explants cultivated in liquid media under paper

bridges showed low rates of development and multiplica-

tion, with tissue necrosis.

The phytochemical profile and antioxidant potential of

the adventitious root cultures of P. pohlii, as well as the

Fig. 4 Chromatograms of extracts of different plant materials of P.

pohlii for saponins identification. 1-secondary roots of in vivo plants,

2-primary roots of in vivo plants, 3-roots of in vitro-grown plants, 4-

leaves of in vivo plants, 5-leaves of in vitro-grown plants, 6-

adventitious roots obtained from internodal segments, 7-adventitious

roots obtained from roots segments. Mobile phase: chloro-

form:AcOH:MeOH:H2O (60:32:12:8 v/v), sprayed with anisalde-

hyde-H2SO4 before heating (100� C)

Table 3 Antioxidant potential of plant materials of P. pohlii obtained in vivo and in vitro

Samples Concentrations (g L-1) Scavenging (%) EC50 (g L-1)

Leaves of in vivo plants 1.00–50.00 3.00–64.00 36.35

Leaves of in vitro-grown plants 1.00–50.00 2.00–34.00 72.49

Primary roots of in vivo plants 1.00–35.00 14.00–91.00 0.18

Secondary roots of in vivo plants 1.00–35.00 21.00–91.00 3.07

Roots of in vitro-grown plants 1.00–35.00 2.00–17.00 106.41

Adventitious roots obtained from internodal segments 1.00–35.00 11.00–13.00 446.70

Adventitious roots obtained from roots segments 1.00–35.00 3.00–61.00 26.23

Quercetin 0.01–0.15 6.36–91.21 0.07

Fig. 5 Chromatograms of extracts of different plant materials of P.

pohlii for qualitative antioxidant evaluation. 1-secondary roots of

in vivo plants, 2-primary roots of in vivo plants, 3-roots of in vitro-

grown plants, 4-leaves of in vivo plants, 5-leaves of in vitro-grown

plants. Mobile phase: chloroform:AcOH:MeOH:H2O (60:32:12:8

v/v), sprayed with 0.2 % DPPH solution
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roots excised from in vivo and in vitro-grown plants, were

also evaluated in this work. Different bioactive substances

have already been described in Passiflora, including alka-

loids, saponins and polyphenols, predominantly C-gly-

coside flavonoids (Dhawan et al. 2004). Flavonoids and

saponins are considered suitable substances to be used as

chemical markers in the genus due to their great structural

diversity and chemical stability, allowing the differentia-

tion of similar species, and contributing to the standard-

ization of crude drugs (Gosmann et al. 2011).

TLC analysis was chosen as a preliminary technique in

order to detect flavonoids and saponins in extracts of dif-

ferent plant materials of P. pohlii, since it is a valuable fast,

low cost method for the identification of phytochemicals

(Birk et al. 2005). Although no flavonoid-related spots

could be detected among the tested materials, all extracts of

in vivo and in vitro-derived materials of P. pohlii showed

saponin regions indicated by the formation of red-violet,

blue and dark-brown spots after revealing with anisalde-

hyde-sulphuric acid reagent, except for the extract from

adventitious roots derived from internodal segments cul-

tured on MSM medium supplemented with 2.70 lM NAA.

The anisaldehyde reacts with the sulphuric acid giving

colored products in the presence of aglycones (Wagner and

Bladt 2001; Oleszek et al. 2008).

The evaluation of the antioxidant potential of the different

plant materials of P. pohlii was another aspect of this work

reported for the first time. The antioxidant activity of extracts

of other Passiflora species has already been confirmed by

in vivo (Rudnicki et al. 2007a; Rasool et al. 2011; Silva et al.

2013) and in vitro assays (Ali et al. 2010; Rudnicki et al.

2007b), and has been associated with the presence of C-

glycoside flavonoids. These natural antioxidants, which may

display great structural diversity, have been widely used in

the last years due to their beneficial biological effects,

especially the prevention of cardiovascular and neurode-

generative diseases (Kris-Etherton et al. 2002; Nilsson et al.

2005). In addition, they have also been exploited by the

cosmetic industry (Gesztesi and Da Luz 2007).

Several techniques have been used for the determination

of the antioxidant potential of plant extracts, and the most

common is the DPPH assay. In Passiflora, this assay has

already been used for the evaluation of the antioxidant

capacity of extracts from leaves (Ferreres et al. 2007;

Sunitha and Devaki 2009; Sasikala et al. 2011; Saptarini

et al. 2013; Lugato et al. 2014; Ramaiya et al. 2014), fruits

(Ali et al. 2010; Sasikala et al. 2011; Zeraik and Yariwake

2012; Simirgiotis et al. 2013; Gil et al. 2014) and seeds

(Malacrida and Jorge 2012), in addition to in vitro-derived

materials (Antognoni et al. 2007; Lugato et al. 2014). On

the other hand, there are only a few reports on the deter-

mination of antioxidant potential of the roots of the Pas-

siflora species. Sasikala et al. (2011) used the DPPH assay

for the evaluation of the antioxidant potential of root

extracts of P. foetida obtained with different solvents, and

the highest rate of radical inhibition was observed with the

extract in petroleum ether (13.97 %), followed by the

extracts prepared with ethanol (11.52 %) and hot water

(11.2 %). In this work, the highest antioxidant activity was

observed in the ethanolic extracts of primary and secondary

roots of in vivo-grown plants, which showed the highest

values of DPPH quenching (91 % in both extracts) and,

thus, the lowest values of EC50 (0.18 and 3.07 g L-1

respectively).

One of the main disadvantages of spectrophotometric

methods to evaluate the quenching ability of free radicals is

associated with the impossibility to determine which sub-

stances in the extract are responsible for the antioxidant

activity (Ciesla et al. 2012). Therefore, the DPPH assay

using TLC plates may be employed as an alternative for a

qualitative analysis, since it allows the localization and

identification of substances with antioxidant potential

(Masoko and Eloff 2007). Most of the TLC-DPPH assays

reported antioxidant activities associated with the presence

of polyphenols, especially flavonoids and phenolic acids,

since these substances act as free radical scavengers, due to

their ability to donate hydrogen or electrons (Ciesla et al.

2012). However, the efficiency of phenolic compounds as

antiradicals or antioxidants is diverse and may depend on

several factors, including the number of hydroxyls, the

ligation site and the position of these on the aromatic ring

(Sroka and Cisowski 2003). In this work, the lowest EC50

value and, thus, the highest antioxidant activity was

observed in extracts of primary and secondary roots of

in vivo-grown plants. These results were corroborated by

the high intensity of the spots detected in the same samples

by the TLC-DPPH assay, using saponin-specific condi-

tions. In view of these results, we suggest that the capacity

of quenching free radicals observed in the extracts of roots

of in vivo-grown plants of P. pohlii is probably related to

the presence of saponins, which antioxidant activity has

already been demonstrated by several authors (Sur et al.

2001; Francis et al. 2002; Chen et al. 2014).

The in vitro root culture strategies described in this work

were successfully applied for P. pohlii. Saponins that are

present in the roots showed antioxidant activity when

analysed by DPPH and TLC-DPPH assays. These results

demonstrate, for the first time, the biotechnological and

pharmacological potential of this species.
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