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CHARACTERIZATION AND VIABILITY OF PIPER HISPIDINERVIUM
(PIPERACEAE) CALLUS FOR CELL SUBMERSE CULTURE

Bruna Grosch Schroeder®, Clayton Debiasi?, Rita de Cassia Siqueira Curto
Valle?, Rosete Pescador®e Lorena Benathar Ballod Tavares®

Abstract: Piper hispidinervium C.DC. is a plant from the Amazon region of economic interest due its high
safrole content. The submerse cultivation of its cells has shown promising results for the biochemical
engineering. However, the inoculum production represented by the cell mass called as callus is still not fully
understood. The knowledge on this material before the establishment of the cultivation in reactor is vital for the
success of the process. Therefore, callus established in vitro have been physically characterized and
analyzed in relation to the cellular viability for 80 days. In this study the experlmental deS|gn was completely
randomlzed consisting of ten repetitions (callus/sample) from each collection (10", 15", 35", 45" 60", 75"
and 80" days of culture).The viability, determined by reaction with 2,3,5- trlphenyltetrazollum chloride,
decreased during cultivation and the green coloration, characteristic of recent callus, acquired yellowish
coloration until the attainment of brown color, which indicate oxidized cells. The friability presented maximum
index in 60 days, while the cell mass present in callus and expressed as grams of fresh mass, obtained the

highest amount at the 35th days of culture.
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1 Introduction

Safrole, or 4-allyl-1,2-
methylenedioxybenzene, is a phenolic ether
from the anyl propanoid group with molecular
formula C,9H100,, boiling point around 232
°C and solidification point at 11 °C
(MARCONDES et al. 2005). It deals about a
natural compound of wide distribution within
the vegetable kingdom. However, it is only
found in commercial amounts in some
species from family Piperaceae, such as
leaves of the long pepper (Piper
hispidinervium C.DC.), a native plant from
the Amazon region (PESCADOR et al.,
2000). Its economic importance is a result of
its capacity of being precursory of a number
of compounds, especially catecholic drugs
such as dopamine and isoproterenol,
biodegradable insecticides (natural
piretroids) that fix perfume and endolic
auxins (ROSA; REBELO; NASCIMENTO,
2003). This plant species presents average
yield of 3.5% of essential oils with safrole
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content ranging from 88% and 95% (Valle,
2003).

The application of biotechnology for
the production of biologically-active natural
compounds using vegetal, microbial and
animal material including marine organisms
and insects has been widely discussed,
above all in the three last decades
(CALIXTO, 2005). The importance of these
plants  for industry reveals nature
dependence, especially in the pharmaceutics
area. Another problem found is the forest
extrativism that leads to the disappearance of
vegetal species. An example is the
prohibition for the cut of the Brazilian
cinnamom (Ocotea odorifera (Vellozo)
Rohwer), main safrole producer extracted in
Brazil until the decade of 1990 (ARAUJO;
PESCADOR; REBELO, 1997). In order to
overcome this dependence, chemical
compounds production processes have been
exhaustively studied with the objective of
obtaining innovative technologies. One of
them is the conduction of biotechnological
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processes aimed at the production of
secondary compounds from cells cultivated
in bioreactors. Several works on the culture
of P. hispidinervium cells in reactors have
been conducted by Valle (2003) and Valle et
al. (2006), which obtained alternative process
with great safrole production potential.

The culture of cells in bioreactors is
based on the use of cellular groups called as
callus, which are obtained from in vitro
cultures. This material represents the
inoculum of vegetal cells culture processes.
Defining it in terms of cellular standards that
will later be multiplied in bioreactors is vital to
assure the success of the safrole production
process. The knowledge on the behavior of
P. hispidinervium callus cells in relation to its
viability along the culture, as well as on the
relation between viability  and its
characterization are not yet fully cleared.

In vitro viability tests are considered
as important tools for the characterization
and quantification of cells (PORTER,;
NGUYEN; BURKE, 1994), as those based on
the use of cell dyes such as Evans blue
(SWAIN; DE, 1994), Tripan blue (HOU; LIN,
1996) or Neutral red (SWAIN; DE, 1994), and
those based on enzymatic activity such as
2,3,5- triphenyltetrazolium chloride test (TTC)
(RICH et al, 2001; STEPONKUS;
LANPHEAR, 1967). In this context, this work
evaluated the physical characteristics of P.
hispidinervium callus and established
standards capable of defining the material as
inoculum for bioprocesses aimed at the
safrole production from P. hispidinervium.
This experiment is one step towards the use
of cells with a view to future production of
safrole in vitro.

2 Materials and methods
2.1 Vegetal material

Seeds collected from the
Experimental Station of ItajailEPAGRI-SC
(material voucher) were wused for the
attainment of microplants germinated in vitro,
which provided explants. The seeds were
disinfected by immersion in alcohol solution
at 70% (v/v) for 1.5 min., followed by a
commercial dilute solution of sodium
hypochlorite in water at 40% (v/v) for 10 min.,
under agitation at 130 rpm in a shaker.
Seeds were then rinsed with sterile water
four times and placed in Petri dishes
containing MS medium (MURASHIGE;
SKOOG, 1962) added of 30 g.L™ of sucrose

and 7 g.L™ of agar. The pH was adjusted to
5.8 before sterilization. Microplant production
took place on a growth shelf at 25 + 2 °C with
fluorescent bulbs (50 uM.mz.s) with periods
of 16 hours of light and 8 hours of dark.

2.2 Callus production (inoculum)

For the callus induction, foliar
segments (explants) removed of apices and
leafstalk before inoculation were used. The
callus induction was performed in MS37
medium (MSO + 22.62 uM of 24-
dichlorophenoxyacetic acid (2,4 D), 45.25 uM
of 6-benzilaminopurine (BAP)) for 80 days.
Callus formation took place on a growth shelf
at 25 + 2 °C with fluorescent bulbs (50
uM.m?.s) with periods of 16 hours of light and
8 hours of dark.

2.3 Callus physical characterization

Mass, oxidation intensity, callus
consistence and coloration were evaluated at
the 10" day at the beginning of the callus
formation and then at the 15", 35", 45", 60",
75" and 80" days of culture. The callus mass
was determined in analytical scales and
expressed as grams of fresh material. For
variable oxidation intensity, a three-level
scale based on Flores, Nicoloso and
Vasconcellos (2006) was used, where 1 =
absence of oxidation; 2 = callus partially
oxidized and 3 = callus fully oxidized. The
callus coloration was visually determined
employing the color scale of Pantone®
Textile Color Specifier (1999). The friability,
which is indicative of foliar dedifferentiation in
cellular mass, was manually measured
through the consistency and desegregation
of callus using a difference test with a five-
level structured scale as follows: 1 = not
friable; 2 = very low friability; 3 = low friability;
4 = moderately friable and 5 = friable.

2.4 Viability of the callus cells

Collection, preparation and analysis
of callus cell samples followed methodology
described by Franklin (1994) modified for P.
hispidinervium. Samples weighting from 75 to
100 mg (fresh mass) collected at the 10" day
of culture were disposed in test tubes and
submitted to the 2,3,5- triphenyltetrazolium
chloride test (TTC) (3.0 mL) and incubated at
28 °C for 12 hours in the absence of light and
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added of 7.0 mL of 95% ethanolic solution.
Following, the colorful complex was extracted
in water bath at 100 °C during a period of
four  minutes. The samples were
homogenized and centrifuged for 10 minutes
at 1000 g for solids precipitation. The
supernatant was submitted to reading in
spectrophotometer at light range equivalent
to 556 nm, and the viability curve was
constructed with values expressed as
absorbance (nm) per gram of fresh mass.

2.5 Statistical analysis

The experimental design was
completely randomized, consisting of ten
repetitions  (callus/sample) from each
collection (10", 15", 35", 45" 60" , 75"
and 80" days of culture).

3 Results and discussion
3.1 P.hispidinervium callus induction

Inoculated seeds presented
germination rate of 100% at the 15" day of
culture (Figure 1). These results corroborate
work conducted by Pescador et al. (2000),
who studied the germination of P.
hispidinervium seeds and obtained similar
results at the same culture conditions.

Figure 1 — P. hispidinervium seeds inoculated
in MS medium with 2, 4 D and BAP (a); New
plants of P.hispidinervium from seeds
germinated in MS medium (b)

[a] [b]
Authors (2013)

After segmentation, the explants
started the dedifferentiation process with the
formation of the cellular mass (callus) at the
10" day of culture. This data reflects the
earliness of P.hispidinervium in relation to the
callus production when compared to species
such as Caryocar brasiliense Camb., which

callus formation occurs at the 20" day after
inoculation (LANDA et al., 2000). In many in
vitro systems, madifications in the nutrient
contents and growth regulators have resulted
in callus induction (PREECE et al., 1995). In
some species or even specific organs, it has
been observed that for reaching an in vitro
callus production standard, it is necessary
adding synthetic or natural compounds to the
culture medium such as coconut water, fruit
juices, malt or yeast extract or hydrolyzed
protein (TORRES; CALDAS; BUSO, 1998).

3.2 Characterization of callus for
inoculum production

The callus obtained presented color
and oxidation intensity alterations (Figure 2
and 3, respectively) along time. At the 10"
and 15" days of culture, the predominant
color was light green (Figure 2A and 2B -
Pantone® 15-6316) and with no oxidation. At
the 35" and 45™ days of culture, the color
remained green, however, with a lighter
tonality, being cream-colored from this point
on (Figure 2C and 2D - Pantone® 14-7316).
In this period, the callus presented a more
friable aspect in relation to previous
evaluations. However, analyses performed at
the 60" day showed the maximum callus
production with the following features: fully
yellowish (Pantone® 13-6556), friable aspect
(Figures 2E and 2F) and easy desegregation.
At the last days of evaluation, 75" and 80™
days of culture respectively, callus presented
brown coloration, very low friability and high
oxidation index — necrosis (Figures 2G, 2H
and 3).

According to Rodrigues et al. (2009)
and Tcacenco (1995), the callus coloration is
a very important characteristic for plant
regeneration, indicating that callus with
lighter coloration and friable aspect are those
fit for plants regenerative induction, what also
indicates high cellular viability. Low friability
rate and high oxidation index of callus cells at
the end of the culture period (80th day of
culture) may be attributed to the depletion of
nutrients and growth regulators available or
to the loss of tissues that respond to stimuli
from the culture medium. According to
Flores, Nicoloso and Vasconcellos (2006),
oxidation may be influenced by the type of
explants, genotype, medium components
and in vitro culture conditions.
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Figure 2 — Color and friability standards of P. hlspldlnerwum callus in MS medlum added of 5 mg.L™" of
2,4D, 10 mg. L ! of BAP,. A: callus at the 10" day of culture; B: callus at the 15™ day of culture; C:
callus at the 35" day of culture; D: callus at the 45" day of culture; E: caIIus at the 60" day of culture;
F: callus at the 75™ day of culture; G: callus at the 8o day of culture.

Authors (2013)

Figure 3 — Average phenolic oxidation intensity in P.hispidinervium callus in MS medium with 2, 4 D
and BAP along time Y axis:.1- without oxidation; 2- partially oxidized and 3- completely oxidized
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Debiasi, Fraguas and Lima (2007)
report that the oxidation of in vitro cultivated
tissues may be a result of the nutrient
depletion in the culture medium or vyet,
according to Rodrigues et al. (2009) the
occurrence of friable callus may be due the
auxin cytokinin ratio. To Castro et al. (2009)
the callogenesis in barbatimdo (a native

species from the brazilian Cerrado) occurred
on medium containing 2,4 D in the presence
of light. According to Franca (1999), callus
cultivated in the presence of light usually
yield more friability than those cultivated in
the absence of light. Cells of a given callus
may present different morphology, size, color
and ploidy, depending on the culture period
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and medium composition. Specifically, in
relation to color, callus coloration ranging
from yellow to beige may be obtained.
According to Pelah et al. (2003) the
morphology and texture of callus may be
manipulated through variations in the
constituents of the nutritious medium.
Besides, culture mediums  containing
relatively high auxin and relatively low
cytokinin concentrations produces friable
callus of humid aspect and the inverse
relation produces a set of compacted cells.
This work revealed a progressive
increase on the callus friability up to the 60"
day of culture with later reduction as the end
of the evaluation period came near (Figure
4). The appearance of friable areas, usually
white and translucent, frequently occurs in
callus-based in vitro plant regeneration. The
induction of friable callus depends on the
composition of the culture medium and

vegetal regulators, on the incidence or
absence of light and temperature, and the
friability characteristic is usually favored by a
high auxin/cytokinin ratio, as well as by the
addition of other components to the nutritious
medium (TORRES; CALDAS; BUSO, 1998).

Considering the genotype involved,
one may suppose that the response capacity
of cells to stimuli given is variable, mainly in
relation to the growth regulators. Thus, one
may affirm that the genotype selected for this
work favored the response efficiency to the
stimuli given and promoted the callus
induction and formation. Hartke and Lorz
(1989) studied the callugenesis behavior of
some cereal species and considered the
existence of variability between genotypes of
different species in relation to the callus
induction  capacity and later plant
regeneration based on them.

Figure 4 — Friability level of P.hispidinervium callus in MS medium with 2, 4 D and BAP along time. Y
axis: 1-not friable;2-very low friable; 3- low friable; 4- moderately friable; 5- friable
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3.3 Callus variability and mass production

The mass of cells obtained from P.
hispidinervium callus along the culture
presented an increment of 22% from the 35"
day on, remaining constant until the end of
the experiment, at the 8o™ day (Figure 5).
The viability data, in turn, presented
decreasing behavior, represented by a third
degree polynomial profile (Figure 6).

The wuse of triphenyltetrazolium
chloride (TTC) enabled verifying that the
viability evidences of P. hispidinervium callus
cells presented variable behavior fully

dependent on the permanence time in the
culture medium. The efficiency of the TTC
biochemical marker in vegetal material for
the quantification of the cellular viability,
according to Gibon, Sulpice and Larher
(2000) and Benson et al. (1996), is
recommended for quick tests, since it
presents high redox potential when it enters
the electron transportation chain into the
mitochondria in the respiratory process,
which reflects in the activity of this organelle,
thus characterizing a viability evidence.
Lamarca, Leduc and Barbedo (2009) and
Millena et al. (1998) report that in vegetal
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cells, the TTC is partly reduced by the
alternative respiratory pathway, which is not
given through phosphorylation, but rather

Figure 5 —-Mass of P. hispidinervium callus
BAP; at the 10", 15", 35
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through participation when the cytochrome
pathway is saturated or inhibited.

)in MS medium added of 5.0mg.L™ of 2,4 D; 10.0mg.L™" of
, 45" 60", 75" and 80™ days of culture
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Figure 6 — Cell viability given as absorbance per gram of fresh matter of P. hispidinervium cells in
callus cultivated in MS medium added of 5.0mg.L™ of 2, 4 D; 10.0mg.L™ of BAP; at the 10" , 15" , 35",
45" 60" , 75" and 80" days of culture

Authors (2013)

The cell viability remained high at the 15"
da¥ of culture with later decrease up to the
60" day. From this point on, levels remained
constant at 0.22 nm (figure 6). In the present
work, viability results are closely related to
the permanence time of in vitro callus culture.
In other words, long incubation times reduce
the mitochondrial rate. According to Lultts,
Almansouri and Kinet (2004), studying the
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viability of whole plants is not an easy task,
once organs and differentiated tissues
present different sensibilities; however, when
one works with tissue cultures, specifically

callus cultures, the evaluation reliability
increases significantly.
The viability callus cell of P.

hispidinervium was inversely proportional to
the culture time, indicating that the higher is
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the permanence time, the lower the viability
of its cells will be. The existence of three
distinct groups in relation to cell viability,
statistically different from one another, was
verified. The first group was represented b¥
samples from the 10" (0.48144 nm) and 15"
(0.4433 nm) days of culture; the second, b
samples from the 35" (0.32511 nm) and 45"
(0.30700 nm) and the last group by samples
from the 60" (0.23944 nm), 75" (0.21511
nm) and 80" (0.20378 nm) days of
cultivation.

Working with in vitro Triticum durum
L. tissues, Lutts, Almansouri and Kinet.
(2004) observed significant correlation
between growth rate and the TTC reducing
potential, once as the growth rate increased,
the TTC reducing potential also increased.
Pelah et al. (2003) evaluated two cell viability
tests (TTC and Neutral red) in vitro-cultivated
Hylocereus undatus (Haw.), H. costaricensis
(F. A. C. Weber), H. polyrhizus (F. A. C.
Weber) and Selenicereus megalanthus (K.
Schumann ex Vaupel) tissues under
temperature stress. These authors verified
variation in the cell viability according to the
species under study, presenting reductions
for all species at higher temperature (55°C)
when compared to lower temperatures,
although it has been the subject of this study.

variation on the behavior of this correlation
was verified. At the first evaluation days (10th
and 15" culture days), the cell viability was
higher when callus presented light-green
coloration with low friability. At the 35" and
45" days, the cell viability decreased when
callus presented cream-colored aspect and
higher friability. At the 60" day, an increase
on the friability of cells was observed just
when cell viability decreased and the callus
presented yellowish coloration. Finally, at the
75" and 80" days of culture, reductions were
observed both for friability and cell viability,
and in these periods, callus present brown
coloration and intense necrosis characterized
by phenolic oxidation.

In relation to necrosis observed at
the end of the experimental period, the
nutritious depletion of the culture medium or
even a direct effect of the cells sensitivity to
nutrients or the permanence time could have
caused such degenerative process.

4 Conclusion

According to the results obtained, the
highest amounts of mean masses and the
highest P. hispidinervium cell viability
occurred at the 35" and 45" days of culture,

Observing  correlations  between indicating that this is the maximum

coloration and friability physical permanence time of callus cultivated in vitro
characteristics and the viability of P. before transference into bioreactors or even
hispidinervium callus cells, a progressive for organogenic/embryogenic cultures.

5 Caracterizacdo e viabilidade de calos de Piper Hispidinervium (piperaceae) para cultivo
submerso de células

Resumo: Piper hispidinervium C.DC. é uma planta da Amazdnia de interesse comercial por sua elevada
produgdo em safrol. O cultivo submerso de suas células tem mostrado resultados promissores para a
engenharia bioquimica, no entanto, a producdo de indculo, representada pela massa celular denominada
calo, € pouco estudada. O conhecimento deste material antes do estabelecimento do cultivo em reator é
condicional para o éxito do processo. Portanto, calos estabelecidos “in vitro” foram caracterizados fisicamente
e analisados quanto a viabilidade celular por 80 dias. Nesse estudo o delineamento experimental foi
completamente ao acaso, constando de dez repeticdes (amostra simples) coletadas no 10°, 15°, 35°, 45°,
60°, 75° e 80° dias de cultivo. A viabilidade, determinada por reacao com cloreto de 2,3,5 - trifenil tetrazoélio foi
reduzindo durante o cultivo, e a coloragdo verde prépria de calo recente, foi adquirindo cor amarelada até
obtencao de cor marrom, indicativo de células oxidadas. A friabilidade apresentou indice maximo aos 60 dias,
enquanto a massa celular presente nos calos e expressos em gramas de massa fresca, obteve maior
quantidade aos 35 dias de cultivo.

Palavras-chave: Pimenta longa. Massa celular. Safrol, TTC.

pepper Piper hispidinervium. Dynamis, 5 : 19—
31 (in Portuguese), 1997.
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