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Abstract

Arachis pintoi is a peanut species native to Brazil, which is cultivated in many countries for animal forage, soil cover,
landscaping, and recovery of degraded areas. Tissue culture studies for this species have been focused in plant production,
whereas works on in vitro secondary metabolites production are scarce. The goal of the present work was to establish callus
cultures from different seed explants of A. pintoi, aiming at evaluating the potential for metabolites production and antioxi-
dant activity. Embryonic axes, leaflets, and cotyledons were cultured on solidified MS medium supplemented with picloram
(PIC), 2,4-dichlorophenoxyacetic acid (2,4-D), thidiazuron (TDZ) or different combinations of 6-benzyladenine (BA) and
a-naphthaleneacetic acid (NAA), under light or dark conditions. Friable calluses with a high biomass (4.3 +0.3 g FW per
callus) were obtained from embryonic leaflets cultured on medium supplemented with 17.6 uM BA plus 5.4 uM NAA, in
the dark. Cotyledons and embryonic axes cultured in the presence of 4.4 uM BA combined with 10.8 uM NAA formed
heterogeneous calluses with a compact base and a large friable surface. Trans-resveratrol and other stilbenes that were not
found in seeds were detected in callus extracts, especially those originated from cotyledons, although these materials showed
lower total phenolic contents (TPC) when compared with seeds with and without testa, as well as cotyledons. Extracts from
seeds with testa and from calluses derived from cotyledons and embryonic axes showed the highest ECs, in DPPH assays.
No correlation between TPC, trans-resveratrol and antioxidant activity was observed.
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Introduction species of the genus, groundnut (A. hypogaea L.), is the

fourth oilseed crop around the world, producing seeds with

The genus Arachis L. (Fabaceae) is native to South America,
with 81 described species (Krapovickas and Gregory 1994;
Santana and Valls 2015), and Brazil is considered a major
genetic diversity center. The most economically important
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high nutritional value (Silva et al. 2010), whereas some other
species have gained agronomic importance more recently.
Among these species, pinto peanut (Arachis pintoi
Krapov. & W.C. Gregory) is increasingly valued as for-
age due to its characteristics of perennial crowns, ability to
spread via stolons, high digestibility and nutritional value
(Ladeira et al. 2002), adaptability to different types of soil,
shading tolerance, cold tolerance, and good fire resistance
(Bresolin et al. 2008; Adjolohoun et al. 2013). Several stud-
ies demonstrated an increased efficiency of animal produc-
tion per hectare of pasture when using A. pintoi, which ulti-
mately reduces the need of deforestation of new areas for
this purpose. This species is also used for soil cover, as orna-
mental, and for the recovery of degraded areas (Carvalho
and Quesenberry 2009). In the last 30 years, several A. pintoi
cultivars were released around the world, mainly in Australia
and Latin America. In Brazil, at least four cultivars were
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developed, namely Amarillo MG100, Alqueire-1, Belmonte,
and BRS Mandobi. Amarillo MG100, the first cultivar pro-
duced in the country and the most currently commercialized,
is characterized by high nutritional value, persistence under
grazing, and good seed production.

Plant tissue culture is an important tool for micropro-
pagation, conservation, genetic transformation, and in vitro
production of secondary metabolites. Arachis species have
been largely studied in this context, especially the ground-
nut. Protocols for plant regeneration of different genotypes
of A. hypogaea were established through organogenesis
and somatic embryogenesis (Igbal et al. 2011; Matand et al.
2013). On the other hand, wild species of the genus were
studied to a lesser extent with this approach. Organogenesis
has been obtained with the use of explants from in vivo and
in vitro plants, seedlings and seeds, while embryogenesis
was reported using explants from in vivo plants, seedlings
and seeds (Pacheco et al. 2009; Poeaim et al. 2015). In vitro
regeneration of A. pintoi was achieved through organogen-
esis from seedling leaflets (Pittman et al. 1983), mature leaf-
lets (Burtnik and Mroginski 1985; Rey et al. 2000), and seed
explants (Pacheco et al. 2007). Somatic embryogenesis was
obtained from mature leaflets (Rey et al. 2000), leaves from
in vitro plants, and seed explants (Rey and Mroginski 2006).
Plant development through meristematic amplification was
achieved from in vitro plant explants (Rey and Mroginski
2003), and embryo axes (Pacheco et al. 2007).

The production of bioactive metabolites has been also
studied in some Arachis species, including phenolic acids
and phytosterols, which possess antioxidant, antibacte-
rial, antifungal, anti-inflammatory and antitumor activities
(Lopes et al. 2011). In vitro production of stilbenoids by
calluses (Ku et al. 2005; Yang et al. 2010a, b) and root cul-
tures of A. hypogaea has also been reported by some authors
(Medina-Bolivar et al. 2007; Kim et al. 2008; Condori et al.
2010; Halder and Jha 2016). In addition, recent studies have
detected low amounts of trans-resveratrol in leaves of some
species of the genus (Lopes et al. 2013). We have previously
reported the allelopathic activity of seed extracts from differ-
ent A. hypogaea cultivars as well as antioxidant properties
of A. repens leaf extracts, which contain trans-resveratrol
and other phenolic compounds (Garcia et al. 2016; Casimiro
et al. 2017). Trans-resveratrol (3,5,4-trihydroxy stilbene)
is synthetized by a number of plant species, and has been
associated to therapeutic effects on inflammation, and viral
infections, as well as antioxidant and neuroprotective activi-
ties. Moreover, it is capable of minimizing the risk of cardio-
vascular disease and various types of cancer, the two most
common causes of death around the world (Mallikarjuna
et al. 2016; Aune et al. 2017).

Considering the potential of in vitro systems for producing
bioactive compounds, the goal of this work was to perform a
comparative analysis of the content of frans-resveratrol and
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phenolic compounds, as well as the antioxidant potential of
extracts from calluses and seeds of A. pintoi.

Materials and methods
Plant material and culture conditions

Fruits of A. pintoi cultivar Amarillo MG100 were purchased
from Realpecuaria Sementes Nacionais e Importadas, Sdo
Paulo, Brazil. Basal media consisted of MS (Murashige and
Skoog 1962) salts containing MS vitamins plus 3% (w/v)
sucrose, and solidified with 0.7% (w/v) agar (Merck). The
pH of all media was adjusted to 5.8, and plant growth regu-
lators (PGR) were added before autoclaving for 15 min at
121 °C. 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 pmol m~2 s~! provided by cool-white
fluorescent lamps.

Callus induction

Seeds were dehulled from the fruits, and surface-sterilized
with 70% (v/v) alcohol for 1 min followed by 1.5% (w/v)
sodium hypoclorite containing 0.02% (v/v) Tween 80 for
45 min under agitation, and washed three times with sterile
deionized water.

Seed explants (cotyledons, immature leaflets and embry-
onic axes without leaflets) were inoculated on MS medium
supplemented with different concentrations of picloram
(PIC) at 4.1 to 41.4 uM, 2,4-dichlorophenoxyacetic acid
(2,4-D) at 4.52 to 45.2 pM or thidiazuron (TDZ) at 4.54
to 45.4 uM. The balance of cytokinins and auxins was
evaluated using different combinations of 6-benzyladenine
(BA) and a-naphthaleneacetic acid (NAA). Low ratios
BA/NAA consisted of concentrations of 0.44-4.4 uM BA
plus 8.8-17.6 uM NAA. High ratios BA/NAA comprised
8.8-17.6 uM BA plus 0.54-5.4 uM NAA. Cultures were
maintained in the presence or absence of light for 60 days.
Four flasks (8 X 7 cm?) closed with polypropylene caps, each
containing three explants, were used per treatment.

Callogenesis rates, expressed as the percentage of respon-
sive explants, were determined for each treatment. Biomass
accumulation of friable calluses was estimated by the evalu-
ation of fresh (FW) and dry (DW) weights, after 30 days
of culture. Dry weights were determined after drying the
material at 50 °C to constant weight.

Extract preparation
Seeds (with and without testa), cotyledons and calluses

derived from cotyledons, immature leaflets and embry-
onic axes without leaflets were dried at 50 °C for 48 h and
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grounded in mortar. Samples were defatted with n-hexane
(50 mL/g DW) in an ultrasonic bath for 30 min. The solid
residue was extracted with 80% ethanol (50 mL/g DW) in
ultrasonic bath for 30 min. Extracts were filtered, and solvent
was evaporated to dryness. Samples were stored at —20 °C
until analysis.

HPLC-DAD-UV analysis

Qualitative trans-resveratrol HPLC-DAD-UYV analysis were
carried out using a Shimadzu® Nexera XR equipped with a
SPDM20A UV-Vis DAD, CBM20A controller, DGU20A
degasser, LC20AD binary pumps, CTO20A oven and
SILA20A autosampler. Extracts were solubilized in metha-
nol (10 mg/mL), and filtered with Milipore 0.45 pm filter.
Qualitative analysis were performed using a Thermo C18
analytical column (250 mm X 4.6 mm i.d. X 5 pm particle
size), maintained at 50 °C, with sample injection volume of
20 pL. Solvent system consisted of ultrapure aqueous acetic
acid solution, pH 3, (solvent A) and acetonitrile (solvent B)
with gradient elution starting at 95% of A and 5% of B to
5% of A and 95% of B in 80 min and more 10 min in initial
condition in order to system re-equilibration, in a flow rate at
1.0 mL/min. The UV absorption was monitored at 254 and
306 nm. The chromatograms were handled using Shimadzu
LabSolutions software.

Trans-resveratrol quantification was done in the same
equipment with Supelco Ascentis® Phenyl analytical col-
umn (250 mm X 4.6 mm i.d. X 5 um particle size), injection
volume of 20 uL and flow rate of 1.0 mL/min. Solvent sys-
tem consisted ultrapure aqueous acetic acid solution, pH 3,
(solvent A), acetonitrile (solvent B) and methanol (solvent
C). Gradient elution started at 90% of A, 2% of B and 8%
of C; changed linearly to 80% of A, 12% of B and 8% of C,
in 3 min; changed to 5% of A and 95% of B in 3 to 9 min;
changed to initial conditions and kept for more 2 min. Trans-
resveratrol was detected by comparison of retention time and
UV spectrum with the standard (Sigma). This method was
validated according to the following parameters: (a) selec-
tivity, (b) linearity, (b) intra-day and inter-day precision, (c)
accuracy, (d) recovery, (e) robustness and (f) limits of detec-
tion and quantification (Moreira et al. submitted).

Determination of total phenolics

Total phenolic content was determined using the Folin—Cio-
calteu colorimetric method with modifications (Holland
et al. 2011). Briefly, 90 uL of extracts resuspended in metha-
nol at 0.5 mg/mL were incubated with 180 puL of 10% (v/v)
Folin—Ciocalteu solution plus 730 pL of 100 mM Na,CO;
solution for 2 h in the dark. Quantification was performed
on the basis of the standard curve of gallic acid at 740 nm,
using a spectrophotometer UV-Vis BioMate 3S (Thermo

Scientific). Total phenolic content was expressed in mg gal-
lic acid equivalents (GAE) per g DW. All tests were done
in triplicate.

Determination of antioxidant activity

Antioxidant activity analysis was carried out using the
2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) free radical
scavenging method as described by Brand-Williams et al.
(1995). Briefly, 25 pL of extracts diluted in 100% methanol
(0.1-40 mg/mL) were incubated with 975 pL of methanol
solution of DPPH (0.6 mM) for 1 h in the dark. Absorbance
was measured at 515 nm (UV-Vis BioMate 3 S — Thermo
Scientific). The scavenging rate was calculated according
to the equation:

Scavenging rate (%) = (A, — A/A, x 100, where A, is
the absorbance of the control without extracts and A is the
absorbance with the sample.

The effective concentration that scavenged 50% of the
free radicals (ECs) was calculated for each sample by non-
linear regression from a graph of % DPPH activity versus
sample concentration (mg/mL). All tests were done in
triplicate.

Statistical analysis

The experiments were repeated three times, using groups
of 10 explants. Data were subjected to analysis of vari-
ance (ANOVA), and means were compared with the
Tukey—Kramer Test at 0.05% significance level, using the
software Graph Pad InStat version 3.0 (Graph Pad Software
Inc., San Diego, CA, USA).

Results
Callus induction

Different types of calluses were produced according to
explant type, growth regulator, and light conditions. In
media supplemented with 2,4-D, cotyledons and embryonic
axes originated heterogeneous calluses, mostly compact with
a small friable surface (Fig. 1a). Development of shoots and
roots occurred at low frequencies, both in the presence and
absence of light. Cotyledon explants reached 40% of cal-
logenesis in response to 13.56 uM 2,4-D and incubation in
the dark (Table 1). Embryonic leaflets were unresponsive
to 2,4-D.

Mucilaginous calluses were formed from all explants
in media supplemented with PIC (Fig. 1b), at frequencies
between 5 and 90%. Globular regions were formed mainly
in the dark. Best results for cotyledons and embryonic
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Fig. 1 Callus formation from A. pintoi seed explants cultured on MS
medium supplemented with different growth regulators for 60 days,
in the presence or absence of light. a Heterogeneous callus obtained
from cotyledons cultured on medium containing 22.6 uM 2,4-D, in
the presence of light, b Mucilaginous callus obtained from cotyledons
in response to 12.4 uM PIC, in the dark, ¢ compact organogenic cal-
lus derived from embryonic axes cultured in the presence of 4.5 uM

axes were obtained in the dark in response to 12.42 uM or
28.98 uM PIC, respectively (Table 1).

Cotyledons and embryonic axes cultured on media con-
taining TDZ originated compact and heterogenous calluses
in the absence of light. Higher TDZ concentrations induced
the formation of organogenic calluses in the presence of
light, but with oxidation of the original explants, which
became dark on the surface (Fig. 1c). Embryonic leaflets
produced only non-morphogenic heterogeneous calluses in
both light and dark conditions. Highest callogenesis frequen-
cies from all explants were observed in response to 45.4 uM
TDZ (Table 1).

Combinations of BA and NAA induced different fre-
quencies of callus according to explant, light conditions
and BA/NAA ratio (Table 2). Cotyledons and embryonic
axes gave rise mainly to heterogeneous calluses, contain-
ing friable and compact regions that originated shoots
in response to almost all combinations, especially those
containing high ratios of BA/NAA (Fig. 1d). Media

@ Springer

TDZ, in the presence of light, d heterogeneous organogenic callus
derived from embryonic axes in response to 13.2 uM BA and 2.7 uM
NAA, in the presence of light, e heterogeneous callus derived from
embryonic axes in response to 4.4 uM BA and 10.8 uM NAA, in the
absence of light, f Friable callus obtained from immature leaflets cul-
tured on medium supplemented with 17.6 uM BA and 5.4 uM NAA,
and maintained in the dark. Bars=1 cm

containing low BA/NAA ratios, especially 4.4 uM BA
in combination with 10.8-21.6 uM NAA, induced the
formation of increased friable areas, which could be eas-
ily separated (Fig. le). When 0.44 pM BA was used in
association with the same NAA concentrations, cotyle-
dons showed the development of adventitious roots with
minor callus formation. Immature leaflets originated only
non-morphogenic friable calluses, except in response to
low ratios BA/NAA (0.44-2.2 uM BA plus 10.8-21.6 uM
NAA), which resulted in the formation of heterogeneous
calluses. Friable calluses were obtained from embry-
onic leaflets in response to high BA/NAA ratio (17.6 uM
BA plus 0.54-5.4 uM NAA) and incubation in the dark
(Fig. 11).

The friable regions of calluses derived from embryonic
axes and cotyledons showed high biomass accumulation in
response to the combination of 4.4 uM BA and 10.8 uM
NAA (0.251+0.03 and 0.209 +0.02 g DW, respectively).
On the other hand, calluses derived from immature leaflets



Plant Cell, Tissue and Organ Culture (PCTOC) (2018) 134:491-502

495

Table 1 Callus formation from
seed explants of Arachis pintoi
in response to PIC, 2,4-D or
TDZ in the presence or absence
of light

Table 2 Callus formation from
seed explants of Arachis pintoi
in response to combinations of
BA and NAA in the presence or
absence of light

Plant growth regula-

Callus induction (%)

tors (UM) 3 )
Cotyledons Embryonic leaflets Embryonic axes
Light Dark Light Dark Light Dark
24-D
4.52 - 15 - - - -
13.56 25 40 - - 15 20
22.6 25 20 - - 10 10
31.64 5 25 - - 20 10
452 - 10 - - - 10
PIC
4.14 45 70 - 5 35 30
12.42 35 90 10 10 15 20
20.7 45 50 - 20 10 50
28.98 50 60 - 55 10 70
414 40 40 - 70 5 60
TDZ
4.54 - - 10 20 30 10
13.62 - - - - 10 20
227 10 70 - 10 50 60
31.78 50 60 - 20 70 50
454 50 80 - 30 40 80

Plant growth regulators

Callus induction (%)

M) Cotyledons Embryonic leaflets Embryonic axes
BA NAA Light Dark Light Dark Light Dark
0.44 10.8 50 - 10 66.6 20 50
0.44 16.2 50 40 100 100 60 70
0.44 21.6 50 50 100 333 50 80
22 10.8 57.1 60 66.6 66.6 50 70
22 16.2 20 50 333 33.3 40 60
22 21.6 40 30 333 100 90 90
44 10.8 30 30 50 333 70 70
44 16.2 50 50 100 66.6 70 60
44 21.6 50 60 66.6 33.3 50 80
8.8 0.54 375 80 333 333 80 42.8
132 0.54 50 28.6 333 50 71.4 70
17.6 0.54 62.5 100 333 100 42.8 50
8.8 2.7 50 60 66.6 33.3 71.4 71.4
132 2.7 40 80 100 66.6 70 70
17.6 2.7 80 100 66.6 100 50 60
8.8 5.4 60 60 66.6 100 333 100
132 5.4 60 100 333 100 70 57
17.6 5.4 80 100 66.6 100 71.4 57
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presented higher accumulation (0.313+0.03 ¢ DW) in  Phenols and trans-resveratrol contents,

response to 5.4 uM NAA plus 17.6 uM BA (Fig. 2). These  and antioxidant potential of seeds and calluses

calluses were chosen for phytochemical analysis, consider-

ing the possibility of their use for establishing cell suspen-  Extracts from friable calluses showed 10x higher yields

sion cultures. (379.76-436.13 mg/g of DW) than those obtained from
seeds (39.1-49.35 mg/g of DW). In contrast, total phenolic
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Table 3 Total phenolic and

Sample Yield (mg/g DW) TPC (mg GAE/g FW)  Trans-resvera-  Antioxidant activ-
trar.zs—r.esveratr(.)l .contents, and trol (ug/g FW) ity ECs, (mg/mL)
antioxidant activity of extracts
from seeds and calluses of A. Seeds with testa 39.10 1.27£0.15 ND 11.75+1.45°
pintot Seeds without testa 39.29 1.37+£0.20° ND 30.11+1.59

Cotyledons 49.35 1.68+0.20* ND 28.26 +1.80°

Cotyledon callus 379.76 0.53+0.02° 8.37+0.23% 13.90 +1.36*

Embryo axes callus 406.65 0.57+0.04° 0.62+0.02° 14.32+0.62%

Embryo leaflet callus ~ 436.13 0.39+0.04¢ 0.69+0.00 37.78+£2.37°

Data expressed as mean + SE. Different letters indicate data statistically different within columns (Tukey

test, p<0.05)
ND: not detected

contents (TPC) was higher in seeds extracts, and the
value obtained for calluses derived from cotyledons was
3x lower than that obtained from the original explant
(Table 3). Extracts from calluses derived from embryonic
axes and cotyledons displayed similar TPC (0.57 +0.04 and
0.53+0.02 mg GAE/g FW, respectively), whereas those
obtained from embryonic leaflets showed a significant lower
value (0.39+0.04 mg GAE/g FW) (Table 3).
Trans-resveratrol was only detected in extracts from cal-
luses (Fig. 3), and those derived from cotyledons showed
more than 10x the content exhibited by calluses derived from
the other seed explants (Table 3). In the qualitative analysis
(total run time =90 min), chromatograms of callus extracts
were complex and rich in compounds of medium polarity
(tR=10-20 min), among which signals characteristic of

stilbenoids (A, 4, =306 nm) were observed at 20 min. Chro-
matograms of callus extracts were similar to those obtained
from seeds. These extracts displayed polar, medium polar-
ity and apolar compounds and the majority of stilbens was
found in tR around 7-10 min (Fig. 4).

The highest antioxidant activity was obtained in the
extracts of seeds with testa. This activity was almost 3Xx
higher than the values showed by extracts from seeds
without testa or cotyledons. Also, the activity of extracts
from calluses derived from cotyledons and embryonic axes
was higher than that displayed by calluses originated from
embryonic leaflets. No statistical difference was observed
among the ECy, values of the extracts from the different
calluses (Table 3).

mAU
1000 —{306nm.4nm

900-]
800 - a
700-] -

600

500 “ b

4005 e
300
200j
1ooé

o]

Resveratrol

8379

-100-
1,0 2,0 3,0 4,0 50

LA e e e B ey e L R e e

6,0 7,0 8,0 9,0 10,0‘ 1 'rn'ir;

Fig.3 Chromatogram of extract from cotyledon calluses (total run time =11 min) with expansion of the trans-resveratrol peak (tR =8.4 min): a

sample, b standard
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Fig.4 Chromatograms (total run time =90 min, Amax = 306 nm) of extracts from a calluses derived from cotyledons and b seeds with testa

Discussion

Peanuts have been recognized as rich sources of stilbenes,
including frans-resveratrol, which is associated to numerous
human health benefits (Aune et al. 2017; Mallikarjuna et al.
2016). Phytochemical studies mainly performed in Ara-
chis hypogaea have demonstrated the production of trans-
resveratrol and other stilbenes by different organs of plants
grown in natural conditions (Holland et al. 2011; Zorzete
etal. 2011; Marka et al. 2013; Aljuhaimi and Ozcan 2018),
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Agrobacterium-transformed roots (Medina-Bolivar et al.
2007; Kim et al. 2008; Condori et al. 2010; Halder and Jha
2016), and calluses (Ku et al. 2005; Yang et al. 2010a, b).
However, similar investigations are scarce for other culti-
vated species of the genus.

In the present work, we studied callus culture systems
derived from A. pintoi seed explants as influenced by explant
type, PGR and light condition, in order to evaluate the pro-
duction of stilbenoids and other compounds of pharmaco-
logical interest. Seeds proved to be an excellent source of
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explants, with the advantages of great availability and rapid
regenerative response. Calluses with different morphogenic
potentials, colors and consistencies were obtained according
to the culture conditions.

Auxins and cytokinins are especially important for bio-
mass accumulation and secondary metabolites production in
calluses, and can be used alone or in combination (Coimbra
et al. 2017). Among the auxins evaluated here, 2,4-D was
entirely ineffective in inducing morphogenic responses from
embryonic leaflets, and produced low callogenesis rates on
the other explant types tested. Although 2,4-D has been used
for callus induction and shoot regeneration in other Arachis
species (Srinivasan et al. 2010), it seemed to be less efficient
than combinations of NAA and BA in leaf explants excised
from plants of A. pintoi grown in natural conditions (Rey
et al. 2000).

In the present work, seed explants cultivated in the pres-
ence of PIC gave rise to mucilaginous calluses with globular
regions that did not display further development, in contrast
to the induction of somatic embryogenesis from leaf explants
reported previously (Rey et al. 2000; Rey and Mroginski
2006). On the other hand, organogenic calluses obtained in
response to TDZ became oxidized, impairing the develop-
ment of shoots. Similar results were reported for leaves of
A. hypogaea, A. correntina (Mroginski et al. 2004), and A.
villosa (Fontana et al. 2009). In addition, cotyledonary nodes
of A. hypogaea showed the development of morphologically
abnormal shoots in response to high concentrations of TDZ
(Hsieh et al. 2017).

BA and other cytokinins were found to influence the
content of phenolic compounds, as well as the antioxidant
and antimicrobial activities of in vitro-grown materials
(Baskaran et al. 2014; Castro et al. 2016; Karalija et al.
2017). Regarding media supplemented with combinations
of BA and NAA tested here, the use of a higher BA concen-
tration (4.4 uM) in combination with 10.8-21.6 uM NAA
for cotyledons and embryonic axes explants cultured in the
absence of light resulted in the formation of heterogene-
ous calluses with a large friable region. On the other hand,
embryonic leaflets showed different requirements of PGRs
when compared to the other types of explant. In contrast
to the friable masses obtained from cotyledons and embry-
onic axes in response to low ratios BA/NAA, these explants
produced entirely friable calluses in response to high ratios
BA/NAA. The balance of these PGRs was studied by other
authors, who found results similar to those obtained with
cotyledons and embryonic axes, when using mature leaflet
explants of A. pintoi (Burtnik and Mroginski 1985; Rey et al.
2000). This difference can be associated to the specificities
of the tissues, particularly regarding the internal amount of
PGRs in the explants.

Light is other important factor for callus induction, cell
growth, and secondary metabolites production. Hence, it is

important to carefully investigate the influence of PGRs and
light conditions, since these two parameters can affect cal-
lus growth rate, color and consistency (Coimbra et al. 2017;
Mohlakola et al. 2017). In our work, although PGRs played
a major role in callogenesis, light significantly influenced
the phenotypic aspect of the calli, which were more friable
and pale when grown in the dark. These differences were
already reported for other species such as Pyrostegia venusta
(Bignoniaceae), whose calluses were compact and green in
the presence of light, and yellow in the dark (Coimbra et al.
2017). Olgunsoy et al. (2017) also observed that friable
calluses obtained from Rosa damascena Mill. petals in the
presence of light became harder in texture and produced
green and pink pigmentation. These authors also compared
the production of volatile compounds in the absence and
presence of light, demonstrating that dark treatments were
superior in terms of tocopherol production and that monoter-
penoid o/p-pinene synthesis was significantly higher in the
presence of light.

Considering the potential of friable calluses for the estab-
lishment of industrial systems, friable masses originated
from cotyledons, embryonic axes and leaflets in response
to the combinations of BA/NAA cited above were selected
for phytochemical analysis. Whereas the presence of trans-
resveratrol was not detected in seeds, calluses derived
from seed explants presented amounts ranging between
0.62+0.02 to 8.37+0.23 ng/g FW. Despite this difference,
seed and cotyledon extracts displayed higher values of TPC
when compared with calluses extracts. The low content or
even the absence of trans-resveratrol in non-treated seeds of
A. hypogaea was reported by some authors, who detected
other polar compounds, such as bound and free phenolic
acids (Wang et al. 2005; Sobolev 2013). Additionally, pre-
vious works using in vitro systems (Ku et al. 2005; Yang
et al. 2010a, b; Xu et al. 2015; Pilaisangsuree et al. 2018)
found trans-resveratrol production only with elicitation. This
strategy has been widely used for secondary metabolites
production in vitro using various elicitors, such as methyl
jasmonate (MeJA), salicylic acid (SA), H,0,, sodium ace-
tate (NaOAc), cyclodextrin (CD), and ultraviolet irradiation
(UV) of B and C types (Tyunin and Kiselev 2016; Pilaisang-
suree et al. 2018).

The values found for the frans-resveratrol content vary
widely among the different in vitro systems established for
A. hypogaea. Calluses originated from stem segments pro-
duced between 0.25 and 11.97 pg/g FW of trans-resveratrol
in response to ultraviolet (UV) irradiation (Ku et al. 2005).
Yang et al. (2010a) obtained values up to 58.84+21.16 ug/g
FW in hypocotyl-derived calluses elicited by sterilized fun-
gal spores, while Yang et al. (2010b) reported contents
between 1.77 and 2.72 and 5.86 to 10.43 pg/g FW, using
bacteria and chitin as elicitors, respectively. An important
aspect of our work is that calluses obtained from A. pintoi
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cotyledons were able to produce trans-resveratrol up to
8.37+0.23 pg/g FW without any treatment.

The antioxidant activity observed in seed testa extracts
of A. hypogaea has been associated to the presence of phe-
nolic compounds, such as chlorogenic acid, caffeic acid,
coumaric acid, ferulic acid, flavonoids and stilbenes (Yu
et al. 2005; Attree et al. 2015), quininic acid (Francisco and
Resurréccion 2009), catechin, procyanidins and proantho-
cyanidins (Ma et al. 2014). However, in the present work,
TPC could not be correlated to the ECs, values observed in
DPPH assays, since extracts from seeds with testa showed
the lowest TPC, in spite of presenting the highest antioxidant
activity. Similarly, Sang et al. (2014) observed a negative
correlation between ECy, and TPC values of leaves from
different legumes, including A. pintoi. These results could be
probably related to the presence of other phenolics without
antioxidant capacity. In addition, qualitative analyses evi-
denced different groups of stilbenoids and other polar com-
pounds that could be associated to the antioxidant activity.

In conclusion, the use of seed explants of A. pintoi pro-
vided different callus lines that can be useful for in vitro
production of secondary metabolites. Large friable masses
potentially useful for establishing cell culture systems were
obtained in the absence of light, in response to different BA
and NAA ratios. Our results also revealed the ability of cal-
luses to produce trans-resveratrol and other stilbenes, which
were not found in seeds. Considering that elicitation is an
efficient strategy to increase secondary metabolites pro-
duction in vitro, as discussed above, further studies will be
undertaken to improve the synthesis of these compounds in
callus systems developed from A. pintoi seeds with the use
of biotic and abiotic elicitors.
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