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ABSTRACT 

Brazil is one of the center of origin of passion fruit 
and has an important natural variability of the genus Passiflora. 
Several wild species of this genus are resistant to some pests and 
diseases and many are considered as medicinal. The aim of this 
research was to induce callus from in vitro Passiflora gibertii leaf 
explants for quantification of vitamin C and total phenols. Once 
the appropriate auxin/cytokine balance promotes callus formation 
and may optimize the production of secondary compounds and 
vitamins, calli were induced using a half-strength MS medium 
with a combination of the auxin Picloran (PIC) and the cytokine 
Kinetin (KIN). The vitamin C and total phenols were quantified 
by colorimetric methods from calli after different culture periods. 
The calli induction was strongly dependent of the combination 
PIC/KIN. It was observed high vitamin C content (94.8mg 100g-1) 
during the calli induction period in MS+4.14µM PIC+ 0.207µM 
KIN. Higher PIC/KIN concentrations promoted an increase in 
the vitamin C content after three subcultures. The higher PIC 
(8.28µM)/KIN (0.828µM) concentration was the higher was the 
total phenols production (66mg tannic acid 100g-1 of fresh callus) 
during the calli induction period.  

Key words: Passiflora gibertii, native species, medicinal plant, 
secondary compounds.

RESUMO

O Brasil é um dos centros de origem do 
maracujazeiro e possui uma importante variabilidade natural do 
gênero Passiflora. Muitas espécies selvagens desse gênero são 
resistentes a algumas pragas e doenças e várias são consideradas 
medicinais. O objetivo deste trabalho foi induzir calos in vitro 
a partir de folhas de Passiflora gibertii para a quantificação 
de vitamina C e fenóis totais. Uma vez que o balanço adequado 

entre auxina/citocinina promove a formação de calos e pode 
otimizar a produção de compostos secundários e vitaminas, calos 
foram induzidos em meio MS meia-força com uma combinação 
da auxina Picloram e da citocinina Cinetina, todos na ausência 
de luz. O teor de vitamina C e de fenóis totais foi quantificado 
por métodos colorimétricos após diferentes períodos de cultivo 
dos calos. A indução de calos foi fortemente influenciada pela 
combinação de Picloram/Cinetina. Foi observado um alto teor 
de vitamina C (94,8mg 100g-1) durante o período de indução de 
calos em MS+4,14µM de Picloram+0,207µM de Cinetina. Altas 
concentrações de Picloram/Cinetina conduzem a um aumento 
no teor de vitamina C após três subcultivos. Quanto maior a 
concentração de Picloram (8,28µM)/Cinetina (0,828µM), maior é 
a produção  de fenóis (66mg de ácido tânico 100g-1 de calos) totais 
durante o período de indução de calos.

Palavras-chave: Passiflora gibertii, espécie nativa, planta 
medicinal, compostos secundários.

INTRODUCTION

Brazil is considered as one of the origin 
center of passion fruit and is the largest center of 
geographical distribution of the genus Passiflora 
(BERNACCI et al., 2003). The country has an 
important natural variability with the biggest 
and best Passiflora germplasm collections in 
the world (ABREU et al., 2009). Moreover, the 
genus Passiflora is the most cultivated due to its 
medicinal, ornamental and nutritional characteristics 
(CERVI et al., 2010). Several wild species of the 
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genus Passiflora are resistant to some pests and 
diseases (JUNQUEIRA et al., 2005) and many have 
medicinal properties (ABREU et al., 2009) with 
high concentrations of the chemicals of interest to 
the pharmaceutical industry (FIGUEIREDO et al., 
2007). A third of medicines descended from plants 
and this fact demonstrates the potential of plants as 
a source of biologically active and natural products 
(MILWARD-DE-AZEVEDO, 2008).

The micropropagation is a technique that 
allows aseptic propagation of plant materials for 
different   purposes (SOUZA et al., 2011; LIMA-BRITO 
et al., 2011; SANTANA et al., 2010; CAMOLESI et 
al., 2010; OLIVEIRA et al., 2010). With the progress 
of biotechnology, the callus culture may be used for the 
in vitro biosynthesis of compounds of pharmaceutical 
interest (SANTOS, 2007), therefore reducing the 
indiscriminate exploitation of medicinal wild species. 
The production of such compounds is usually 
stimulated through a stress which can be chemical 
and/or physical (FUMAGALI et al., 2008). Growth 
regulators may affect the success of in vitro culture 
and auxins and cytokinins are widely used. Kinetin 
is one of the most common cytokinin used to control 
cell division. Conversely, picloram (2,4-amino-3,5,6–
trichloropicolinic acid) is a synthetic auxin, generally 
used at lower concentrations, when compared to other 
auxins as 2,4-D (2,4-dichlorophenoxyacetic acid) or 
DICAMBA (3,6-dichloroanisic acid), for instance. 
Moreover, Picloram and 2,4-D are synthetic auxins 
commonly used as herbicide, however, Picloram has 
the less phytotoxic effect  (GEORGE et al., 2008). 
Other factors such as the presence and/or absence 
of light may also influence the in vitro development 
(PINHAL et al., 2011).

Studies with the species Passiflora gibertii 
N. E. Brown are scarce regarding the quantification 
of the vitamins and total phenols. Vitamin C is a 
natural antioxidant commonly found in the Passiflora 
genus (SILVA et al., 1999; DE MARCHI et al., 2000; 
NEPA-UNICAMP, 2011). The passion fruit stands 
out by their importance in relation to nutritional and 
antioxidant properties and generally have sedative 
action (MILWARD-DE-AZEVEDO, 2008). Phenolic 
compounds are considered secondary metabolites, 
which can be found in the whole plant (ANGELO 
& JORGE, 2007), the nutritional importance of their 
phenolic compounds in food are well reported by 
MARTÍNEZ-VALVERDE et al. (2000); ZHENG 
& LU, (2011); CASTRO-CONCHA et al. (2014). 
The synthetic antioxidants may have a carcinogenic 
potential, thus, the natural ones have become the 
target of the pharmaceutical industry which aims to 

product new medicinal substances (YILDRIM et al., 
2002). In this context, the aim of this study was to test 
the interaction of “cytokinin × auxin” on the induction 
of callus from in vitro Passiflora gibertii leaf explants 
and to verify the influence concentrations of PIC and 
KIN on the parameters calli weight, vitamin C and 
total phenols content.

MATERIAL   AND   METHODS

Plant material and callus induction
Leaf explants, obtained from in vitro 

germinated seedlings of native passionflower 
Passiflora gibertii N. E. Brown - access CPAC MJ-
22-01 from the germplasm collection of EMBRAPA 
Cerrado (CPAC) Planaltina – DF were used as 
explants. In a laminar flow hood, the leaves were 
excised into 1 cm2 segments and inoculated into test 
tubes (25x150mm) containing 10mL of half-strength 
MS (MURASHIGE & SKOOG, 1962) culture 
medium, which was supplemented with 3% sucrose.  
All possible combinations of Kinetin (KIN) (0; 0.207; 
0.414; 0.621 and 0.828µM) and Picloram (PIC) (0; 
2.07; 4.14; 6.21 and 8.28µM), which produced 25 
treatments were performed. The pH was adjusted to 
5.8±0.1 and the medium was gelled with 0.6% plant 
agar before autoclaving at 121°C for 20min. After 
inoculation, the material was maintained in a growth 
chamber in the dark at 25±2°C for 60 days, and then, 
the callus induction as fresh weight (g) was evaluated.

Production of callus for quantification of vitamin C 
and total phenols 

The vitamin C content and total phenols 
were determined in calli produced from leaf 
explants using the same methodology described 
above. It was used the following PIC/KIN 
concentrations: 4.14/0.207; 8.28/0.414; 8.28/0.621 
and 8.28/0.828µM, respectively. The explants were 
incubated in a growth chamber in the dark at 25 ± 
2°C for four cycles of 60 days each (calli induction 
and subcultures 1, 2 and 3). At the end of each 
cultivation period, approximately 5g of callus for 
each subculture/treatment were collected for vitamin 
C and total phenolic compounds quantification. As 
a secondary control for vitamin C quantification, it 
was also collected 5g of leaves from a six-month old 
plant maintained ex vitro. The leaves were collected 
in the summer, during the plant active growth. 

The vitamin C content was 
determined by the colorimetric method using 
2,4-dinitrophenylhydrazine according to 
STROHECKER & HENNING (1967). The total 
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phenols content was determined by the Folin-Denis 
reagent method, according to AOAC (1990). The 
results were expressed in mg of vitamin C per 100g 
of fresh callus or in mg of total phenols tannic acid 
equivalents (TAE) per 100g of fresh callus.

Statistical analysis
The completely randomized experimental 

design for all experiments was used. The callus 
induction experiment consisted of 10 replicates per 
treatment with five tubes per replicate. The results 
were subjected to ANOVA and the means of the 
interaction PIC × KIN regarding the fresh weight of 
calli (g) were subjected to regression analysis. For 
the quantification of vitamin C and total phenols in 
callus, the interaction, (PIC × KIN) × culture period, 
was tested and the treatment means were compared 
by Scott-Knott test (P≤0.05) All statistical analyses 
were performed using the statistical software Sisvar® 
(FERREIRA, 2011).

RESULTS   AND   DISCUSSION

Calli induction
It was found that the callus induction in P. 

gibertii from leaf explants was statistically significant 
(p<0.001) and strongly dependent of the combination 
of PIC/KIN, which proves the necessity of an optimal 
auxin/cytokine balance to induce a specific response. 
Growth regulators free medium showed no calli 
formation. Trends of callus growth (g) as a function 
of the interaction PIC × KIN are shown on figure 1. 

The combination auxin/cytokine is 
reported by several authors as essential for callus 
formation. STELLA & BRAGA (2002) proved that 
the absence of combination of auxin/cytokine was 
unable to induce callus in leaf explants of Rudgea 
jasminoides. ANTOGNONI et al. (2007) report 
the success of 2,4-D (2,4-dichlorophenoxyacetic 
acid) and KIN for callus induction on different 
species of genus Passiflora. PINTO et al. (2011) 
also report success in obtaining embryogenic callus 
of P. edulis with a combination of 2,4-D and BAP 
(6-benzylaminopurine). KAUR & KOTHARI 
(2004) studied the effect of PIC/KIN in the callus 
induction on kodo millet (Paspalum scrobiculatum 
L.) and reported the increase in calli fresh weight 
was directly proportional with the PIC concentration 
in the culture medium.

In this research, it was observed that the 
following combinations of PIC (µM) × KIN (µM): 
4.14/0.207 (Figure 1B); 8.28/0.414 (Figure 1C); 
8.28/0.621 (Figure 1D), and 8.28/0.828, respectively, 

provided higher values of calli fresh weight (1.8; 1.6; 
1.7 and 1.5g), respectively, at the end of the callus 
induction period. In the absence of KIN, the higher 
fresh weight (0.2g) was only obtained in the presence 
of 8.28 µM PIC (Figure 1A). No combination PIC 
× KIN showed callus formation less than 0.6g fresh 
weight (Figure 1B, C, D and E).

Vitamin C content
The interaction, (PIC × KIN) × culture 

period, was significant (p<0.001) regarding the 
vitamin C production in calli. Highest vitamin C 
level (94.8 and 61mg 100g-1) in calli induced with 
4.14µM PIC + 0.207µM KIN was obtained, followed 
by 8.28μM PIC + 4.14μM KIN, both during the 
induction period, respectively. However, a reduction 
in the vitamin C content following subcultures 
for these two treatments was observed (Table 1). 
Moreover, for the treatments 8.28μM PIC/0.621μM 
KIN and 8.28μM PIC/0.828μM KIN, the production 
of vitamin C has been increased during subculture 
after the period of callus induction (Table 1). In this 
study a higher vitamin C content in calli of P. gibertii 
(94.8mg 100g-1) was found when compared to the 
levels found in fruits of P. alata (10.26mg 100g-1) by 
SILVA et al. (1999). Moreover, high vitamin C content 
(127.5mg 100g-1) in leaves of P. gibertii ex vitro 
cultivated was also observed. Furthermore, according 
to the Brazilian table of food composition provided 
by the Center for Studies and Research on Food 
(NEPA-UNICAMP, 2011), the commercial species 
of passionflower P. edulis f. flavicarpa features 19.8, 
7.3 and 13.7 mg vitamin C/100g in fresh fruit, frozen 
pulp and concentrated juice, respectively. This value 
is considerably lower when compared to the level 
observed on leaves and calli of P. gibertii reported 
in this paper (Table 1). There are rare reports on the 
literature concerning the levels of vitamin C in callus 
of passion fruit. 

Total phenols content
Although the interaction, (PIC × KIN) × 

culture period, was significant (p<0.001), the total 
phenols content found in calli was considered lower 
(Table 1). Even on the leaves of P. gibertii ex vitro 
cultivated the total phenols content was only about 
0.7% (708.6mg tannic acid 100g-1). Compared 
with total phenols present in other plant species, P. 
gibertii did not stand out as a good producer of this 
metabolite. CARVALHO et al. (2001) quantified 
the total phenols in the leaves of coffee trees and 
observed a maximum of 12.7%. CASTRO et al. 
(2009) working with Stryphnodendron adstringens 
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report 1% or 1.3% of total phenols content in 
callus induced on medium containing only 2,4-D or 
combined with BAP, respectively. The highest total 
phenols content obtained on P. gibertii calli was 0.06% 
(66.21mg tannic acid 100g-1) during the induction period 
(Table 1). Nevertheless, this content is lower than that 

found by MALACRIDA & JORGE (2012) in seed 
oil of P. edulis (1,314.13mg GAE/kg). A reduction 
in the total phenols at the end of the first subculture 
was observed (Table1). Likely, it happened due to the 
removal of the initial explant (leaf segment). During 
the calli induction phase, cells start to grow over 

Figure 1 - Fresh weight (g) of calli induced from leaf explants of Passiflora gibertti as a function of the combination of the auxin 
Picloram and the cytokine Kinetin. The explants were inoculated on MS medium and maintained for 60 days in the dark 
(induction period).
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the tissue (GEORGE et al., 2008). To start the first 
subculture, only the new cells formed, over the initial 
explant were removed and transferred to a fresh 
medium. Once leaves contain phenolic compounds 
(TAIZ & ZEIGER, 2013), the absence of this tissue 
on the first subculture may have contributed to 
not detect this compound at this analysis. During 
successive subcultures (second and third), portions of 
the previously calli always are transferred together to 
the fresh media. It can be explain why the phenols 
increased following subcultures.

The in vitro environment, in particular 
the use of high concentrations of growth regulators 
may contribute to the oxidative stress, resulting in 
increased production of reactive oxygen species 
(ROS) (PINTO et al., 2010). The production of 
vitamin C and phenolic compounds has a link to the 
control of this type of stress, since they act as non-
enzymatic antioxidants. Thus, the in vitro production 
of vitamin C and phenolic compounds could have 
been a possible response to the oxidative stress 
caused by the growth regulators PIC and KIN. In this 
sense, PIC KIN acted as inducers of in vitro oxidative 
stress, triggering the activation of the pathway of non-
enzymatic antioxidants, represented in this research 
by vitamin C and phenolic compounds. Enabling this 
plant defense system against the in vitro oxidative 
stress through analysis of the activity of antioxidant 
enzymes is proven in some studies (CARVALHO et 
al., 2009; MISRA et al., 2010; LUO et al., 2010).

The in vitro production of secondary 
compounds may facilitate purification of the extracts 

by the fact that the amount of pigments is insignificant, 
thus, reducing the costs of production; moreover, 
the explants are in aseptic condition. According to 
FUMAGALI et al. (2008), the production of large 
amounts of secondary metabolites by plant cell 
culture may occur within a few weeks, unlike the 
extraction of secondary metabolites of an annual or 
a perennial plant, which requires a longer time for 
accumulation of such metabolites.

CONCLUSION

The vitamin C content found in calli is 
high during the calli induction period when low 
concentrations of Picloram/Kinetin are used. When 
these regulators are in high concentration, the highest 
vitamin C content is obtained after the calli induction 
period. High Picloram/Kinetin concentration 
promotes the high total phenols content during calli 
induction period or during the third subculture. 
The highest calli induction from Passiflora gibertii 
leaves are obtained in culture media containing high 
concentrations of Picloram in the presence of Kinetin.
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Table 1 - Comparisons of the vitamin C and total phenols content in callus of Passiflora gibertii cultivated on MS medium at different
culture periods, in the dark, and at different combinations of the auxin Picloram (PIC) and the cytokine Kinetin (KIN).
Assessments were performed at the end of each culture period.

PIC/KIN -------------------------------------------------Vitamin C content (mg 100g-1) --------------------------------------------------

µM Induction 1st subculture 2nd subculture 3rd subculture
4.14/0.207 94.8 ± 2.7 aA 6.9 ± 0.5 bC 3.8 ± 0.7 bD 14.8 ± 1.1 bB
8.28/0.414 61.3 ± 0.5 bA 10.1 ± 0.7 aB 4.9 ± 1.3 bC 11.2 ± 0.7 cB
8.28/0.621 5.6 ± 0.2 cB 8.1 ± 0.2 aA 8.6 ± 0.6 aA 10.3 ± 0.5 cA
8.28/0.828 3.7 ± 0.8 dC 9.5 ± 0.4 aB 4.7 ± 0.2 bC 22.9 ± 0.9 aA
PIC/KIN --------------------------------------Total phenolic compounds (mg tannic acid 100g-1) --------------------------------------
µM Induction 1st subculture 2nd subculture 3rd subculture
4.14/0.207 16.3 ± 0.4 dB 21.1 ± 0.3 aA 20.8 ± 0.3 aA 16.9 ± 0.3 cB
8.28/0.414 27.0 ± 1.4 cA 0 ± 0 bD 6.2 ± 0.4 bC 18.4 ± 1.0 cB
8.28/0.621 30.7 ± 1.4 bA 0 ± 0 bD 5.6 ± 0.8 bC 21.1 ± 1.1 bB
8.28/0.828 66.2 ± 1.7 aA 0 ± 0 bD 6.5 ± 0.1 bC 29.2 ± 0.4 aB

Means±SD for vitamin C or total phenols content for each cultivation period followed by the same lowercase letter (columns) or capital
letters (rows) do not differ by Scott-Knott test (P=0.05).
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