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Abstract

Psychotria ipecacuanha, is a plant species with known medicinal properties that is critically endangered due to
overexploitation of natural populations. Although the difficulties in conventional propagation by seed and by
vegetative propagation are generally understood, the present study enhances our knowledge by describing
efficient plant regeneration and root induction protocols for P. ipecacuanha while comparing alkaloid content
(emetine and cephaeline) in in vitro-derived tissues. Stem node explants were cultured on MS medium MS
supplemented with indolbutiric acid (IBA) in semi-solid media and the RITA® temporary immersion bioreactor.
The highest root formation (81%) was in MS + 1.5mgL"IBA in the bioreactor. After 24 months of
acclimatization, the plants cultivated in MS + 0.50 and 1.0 mg L™ of IBA had the highest number of roots (3),
with mean values of 10.47 and 9.40 cm, respectively. The cultures coming from 1.0 mg L™'and 0.5 mg L™ IBA
in the bioreactor contained higher cephaeline content, with a relative area of 14.2 and 14.9%, respectively. For
emetine, the 1.0 mg L™" IBA cultures in the bioreactor, 0.5 mg L™" IBA and MSO0 cultures contained higher

content than the other treatments, with a relative area of 10.2, 10.2 and 10.1%, respectively.
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Introduction

Psychotria ipecacuanha Brot. Stokes (Rubiaceae), commonly known as ipeca or poaia, is recognized
worldwide as one of the most important medicinal plant species in the pharmaceutical industry due to the
presence of bioactive alkaloids in the roots, primarily emetine, cephaeline and psychotrinel'-2l. Alkaloids have

emetic action in bronchial diseases (e.g., anti-inflammatory properties) and can combat both fever and
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malaria, and also act as inhibitors of protein and DNA synthesis®4l. In addition, the root extract of this species

is used and recognized in the Pharmacopoeia as an amebicide and expectorant!®-€l,

Several substances are found in poaia roots: starch, reducing sugars, resins, tannins, malic acid, citric,
ipecacuanic, and the alkaloids that justify the plant therapeutic properties: emetine, cephaeline, psychotrine,
emetamine o-methyl psicotrin, and proto-emetim. The alkaloids correspond to 2 to 3% of the root dry weight

and are mainly located in the cortical parenchyma (2.5%) and in small quantities in the woody zone [,

Psychotria ipecacuanha occurs in highly shaded underbrush areas in Central America (Nicaragua, Costa
Rica and Panama) and northern South America (Colombia), the southwestern part of the Brazilian Amazon
forest (Ronddnia and Mato Grosso States) and the Brazilian Atlantic forest, especially in the States of Minas
Gerais, Espirito Santo, Rio de Janeiro, and Bahial'61%.11 Brazilian ipecac is the preferred species in the
world market because it has a higher concentration of emetic alkaloids, which has led Brazil to become one

of the main exporters of this product!2],

International demand for ipecac leads to a profitable crop, yet the Brazilian producer (collector/intermediary)
receives only USD $ 24.31/kg root tissue (Ethnobotanical Gardener, 2016). This species is threatened by
genetic erosion or extinction in Brazil because it has undergone an intense extraction process in the past

two centuries, expanding agricultural frontiers with consequent reduction of habitat['3l,

Seed propagation in P. ijpecacuanha easily lose viability after collection, have a low rate of germination, and
show slow growth and premature death of plants under natural conditions!’417. Vegetative propagation is
limited by the slow growth of plants. Consequently, there is an urgent need for the development of a protocol
for large-scale propagation of selected material aimed at the reintroduction into the habitat as well as the
production of material with a higher alkaloid content, mainly for the establishment of the best crop yield for

supplying pharmaceutical industries.

In vitro culture techniques are presented as an alternative for the mass propagation and conservation of
endangered, rare or endemic species!'8l. Among other advantages, these techniques improve upon
conventional propagation due to the generation of seedlings with apical meristem and root simultaneously
(i.e., so that a later phase of rooting is not needed) in addition to ease of scheduling and less probability of
genetic variationl’®29, Despite these advantages, this process should be "personalized" considering the
differential responses of each genotype, growth regulators, explant type, donor plant age, and growth

conditions, among other factors[&l,

Biotechnology provides the opportunity through in vitro culture to use cells, tissues, organs, or even the
entire organism by genetically manipulating them to obtain the desired substances?:22, In some cases, the
production of biomolecules has been achieved via cell culture on an industrial scale, such as shiconin,
berberine and taxol, or for biomass as in the case of ginseng roots. However, for many of the drugs of
interest, production is rare to absent in plant cell culture, typically because production is controlled in specific
ways in the tissues. In this way, the lack of differentiation would result in the loss of productive capacity;
thus, many studies currently aim to optimize the means of growth and production or to select more productive
cell lines. In addition, other approaches such as the growth of differentiated cells (root and shoot culture)
and the induction of biosynthetic pathways using stimulators are strategies that have shown excellent results
within plant tissue culturelzl.
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The use of natural products as a model for drug synthesis or simple use by the population is a growing trend,
and many studies have evaluated these products. In relation to P. ipecacuanha, most studies have

addressed chemical and pharmacological properties!9,

Literature review reveals a high medicinal and commercial value of Psychotria ipecacuanha roots, but there
is a strong variability in the production of the chemical compounds of interest (emetine and cephaeline) and
little information on the standardization of treatment of raw plant material to increase these plant constituents.
The aim of this study was to develop a protocol to produce in vitro seedlings and roots of P. ipecacuanha
with subsequent chemical characterization in order to obtain standardized extracts. These results will help
to stimulate the commercial cultivation of this species with selected seedlings and higher productivity of the

pharmacological compounds of interest.

Material and Methods

Plant material

In vitro cultures acquired from the germplasm bank of the Embrapa Amazénia Oriental (identified by the IAN
Herbarium - Embrapa Amazénia Oriental) were used to obtain the plant material for the establishment of
micropropagation and root culturing protocols of Psychotria ipecacuanha, which were used as donors of

explants for the tests with different concentrations of the growth regulator Indolbutiric Acid (IBA)24:25],
Treatment with growth regulator in semi-solid culture media in the temporary immersion bioreactor

Regenerated plantlets from nodal segments were tested in culture media according Murashige and Skoog,
1962 (MS) with different concentrations (0.5; 1.0; 1.5 and 2.0 mg L") of the growth regulator Indolbutiric Acid
(IBA) and the control (MS0) in semi-solid media and RITA® (Vitropic S/A) temporary immersion bioreactors

(n=30 per treatment) to evaluate root production(2l,

Glass vials containing 40 mL of semi-solid medium and RITA® (Vitropic S/A) temporary immersion
bioreactors containing 250 ml of liquid medium (n=30 per treatment) were used. The immersion frequency
used for the bioreactor system was ten seconds every three hours. The cultures were maintained under
white light illumination (Sylvania fluorescent tubes) under 1.6 W m2, 30 umol m s with a daily photoperiod
of 16 hours at 25 + 1 °C, for 10 days. After this period, the explants were transferred to flasks containing 40
mL of MS medium free of growth regulators (MS0) and kept in the growth room.

After 60 days, the following parameters were evaluated: rooting percentage, average number of roots per

plant, and mean root compliance.
Statistical analysis

The effect of different concentrations of the growth regulator IBA on root development per explant was
evaluated by analysis of variance (ANOVA) and the means were compared by a Tukey-Kramer test at a
significance level of 5%. These analyses were performed using Graph Pad in Stat version 3.01. In the
analysis of the rooting percentages according to the medium used, we ran a percentage difference test (p1

and p2) at 5% significance level using Statistica for WindowsTM, 5.0 version.
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We used a completely randomized 5 x 6 factorial experimental design consisting of two types of containers
(250 mL flasks and the RITA® bioreactor) with three replicates per treatment and 30 explants per replicate,

which were evaluated at 60 days after transfer to the MSO medium.
Acclimatization

Plantlets grown in all in vitro treatments were transferred to polypropylene bags (1 kg) containing substrate
and remained for 30 days in a greenhouse with a fogging system. At the end of this period, the plants were
transferred to another greenhouse with a micro sprinkler system where they remained for another 23 months.
At the end of this period, the plants were used as root donors for the phytochemical tests.

Alkaloid content analysis

The roots of acclimatized plants (500 mg) were air dried for a period of 5 days and submitted to extraction
according Silva et al. (2016). Each root sub-sample (500 mg) was vortexed for one minute with a mixture of
10% ammonium hydroxide (NHsOH) (5 mL) and ethyl ether ((C2Hs)20) (5 mL) in a glass container. The
organic phase was transferred to another glass vessel and vortexed for one minute with 10% acetic acid
(CH3COz2H) (5 mL). The aqueous phase was removed and treated with NH4OH to pH 10 and then vortexed
for 1 minute with ethyl ether ((C2Hs)20) (5 mL).

The chromatographic method was developed for relative qualitative analysis of the fractions using high-
efficiency thin layer chromatography (HPTLC) with densitometry.

The chromatoplaques (normal phase) were eluted in an 8:2 chloroform/methanol mixture and developed
with UV light at 254 and 366 nm.

The relative quantification of the alkaloids (emetine and cephaeline) was based on the calculation of the spot
absorption area. Using a densitometer, the density of the applied samples was analyzed comparing the
different concentrations of the standard on the chromatographic plate. The absorption area of the respective
retention factors (Rfs) of the alkaloids were used to calculate the percentages as follows: [Area of each

sample (Rf area of emetine or cephaeline) / Total area] x 100 = % of alkaloids.

Results and Discussion

Data from development in different culture media were compared with those obtained from plantlets treated
with MSO0.

The addition of 1.5 mg L' IBA to bioreactor MS medium resulted in 81% rooting of the explants with an
average yield of 3.41 roots of 0.6 cm at 60 days after transfer to MS0O. The semi-solid culture medium
supplemented with 1.5 mg L' IBA led to 20% rooting of the seedlings, with a mean root yield of 1.8 roots of

0.46 cm (TABLE 1). Regarding the use of MSO, in both treatments there were no signs of rooting.
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TABLE 1: Effect of different concentrations of Indolbutiric Acid (IBA) on the root development of Psychotria ipecacuanha
grown in vitro in semi-solid media and bioreactor.

Culture Media Rooting (%) Root Number Root Length (cm)
MSO0 0 R -
MSO0_bioreactor 0 - -
0.5mg L' IBA 13" 1.00° 0.25f
0.5 mg L' IBA_bioreactor 43 2.83° 0.54°
1.0mg L IBA 36° 2.22¢ 0.47¢
1.0 mg L™ IBA _bioreactor 30° 3.38° 0.64°
1.5mgL" IBA 208 1.80f 0.46¢
1.5 mg L' IBA_bioreactor 81° 3.41° 0.60°
2.0mg L' IBA 40° 2.50° 0.31¢
2.0 mg L™ IBA_bioreactor 23 4.00° 0.57°

*Values in the same column followed by the same letter do not differ statistically from each other (significance level 5%).

Bioreactors may serve as an alternative for preserving viability in the micropropagation technique of several
species, primarily by eliminating and/or automating some steps of plant propagation; this is because the
temporary immersion system provides a highly aerobic system for plant growth through forced ventilation
through the vessel lid. However, the immersion times and duration and frequency of immersion are the most
decisive parameters for successful micropropagation, as they influence nutrient and water uptake and

consequently, hyperhidrosis of the cultured materiall27-22,

According to Smet and Beeckman!®¥, adventitious root initiation involves meristematic cell niche formations
(initial cells and/or target cells) which are dependent on external and internal factors. The differentiation of
the meristematic cell niche and the formation of new roots involves stem tissue disruptions to form
connections with the conductive vascular tissues induced by auxins®32, Brondani et al.23l, working with
Eucalyptus benthamii x Eucalyptus dunnii, observed that the Y2 MS culture medium supplemented with 1 mg

L' IBA induced 75% rooting of micro-cuttings.

According to Souza e Pereiral®4, the most common auxins used for rooting are naphthalene acetic acid
(NAA), indolbutiric acid (IBA) and indolacetic acid (IAA). The main differences among them are molecular
structure and the stability, where NAA is more stable than |AA; thus, most in vitro rooting protocols use NAA

and IBA auxins.

Regardless of the auxin formula, excessive concentration in the culture medium can be toxic, promoting
callus formation at the micro-cutting bases and compromising rooting and shoot growth. Generally, the root
and shoot vascular concentration is very fragile and callus formation can compromise adventitious root
functionality®!l. However, callus formation was not observed on explants of Psychotria ipecacuanha. Based
on these results, the treatment in the bioreactor in MS media with 1.5 mg L' IBA is considered the most

suitable for in vitro rooting of Psychotria ipecacuanha, resulting in 81% rooting.

The plantlets produced in all test treatments can be acclimatized from 60 days of cultivation, since 100%

survival was obtained after 24 months of acclimatization (FIGURE 1).
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After 12 months of acclimatization in the greenhouse, the plants cultivated in MS medium supplemented
with 0.5 and 1.0 mg L™" of IBA had a higher number of roots (3 roots each) with mean lengths of 10.47 and
9.4 cm, respectively (TABLE 2).

TABLE 2: Effect of different concentrations of Indolbutiric Acid (IBA) on the root development of Psychotria ipecacuanha
grown in vitro in semi-solid media and bioreactor after two years in the greenhouse.

Culture Media Rooting (%) Roots Number Roots Lenght (cm)
MSO0 100 2.33° 12.292
MSO0_bioreactor 100 3.00? 10.47¢
0.5mgL" IBA 100 3.002 9.40¢
0.5 mg L' IBA_bioreactor 100 2,33¢° 11.70%°
1.0 mg L' IBA 100 2.33° 9.96%
1.0 mg L" IBA_bioreactor 100 2,66° 9.83¢
1.5mgL"IBA 100 1.66¢ 11.13°
1.5 mg L" IBA_bioreactor 100 2.33¢° 7.96°
2.0mg L"IBA 100 2.66° 8.58°
2.0 mg L' IBA_bioreactor 100 2.33¢° 9.76¢

*Values in the same column followed by the same letter do not differ statistically from each other (significance level 5%).

According to HPTLC alkaloid fraction analyses, there is a direct dependence on the composition and content
of growth regulators in culture media, and the system used (TABLE 3 and FIGURE 2). The principal
components of alkaloids of P. ipecacuanha roots are presented in TABLE 2: Emetine (10.12; 5.93; 10.18;
9.49; 9.76; 10.23; 7.56; 6.97; 9.23 and 9.57%) and cephaeline (9.79; 3.99; 7.86; 14.17; 7.58; 14.91; 5.04;
8.07; 8.67 and 9.12) in plants cultured on MS0 media, and MS + 0.5, 1.0, 1.5, and 2.0 mg L"" IBA in semisolid
and bioreactor conditions, respectively. Comparative analysis of the HPTLC profiles showed high
percentage of emetine and cephaeline in the MS+1.0 mg L' IBA treatment in the bioreactor, compared to

other treatments.
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TABLE 3: Emetine and cephaeline percentage in root extracts from in vitro plantlets cultivated in different media: MSO
(control), MS + 0.5 mg L' IBA, MS + 1.0 mg L™ IBA, MS + 1.5 mg L' IBA and 2.0 mg L IBA, in semi-solid media and
bioreactor (after 2 years of acclimatization).

Relative Area (%)
Culture Media
Emetine Cephaeline

MSO0 10.122 9.79°
MSO0_bioreactor 5.93¢° 3.99¢
0.5mg L"IBA 10.182 7.86°
0.5 mg L' IBA_bioreactor 9.49° 14172
1.0 mg L' IBA 9.76%° 7.58°
1.0 mg L™ IBA bioreactor 10.232 14.912
1.5mg L' IBA 7.56° 5.04
1.5 mg L' IBA_bioreactor 6.97¢ 8.07¢
2.0 mg L' IBA 9.23° 8.67¢
2.0 mg L' IBA_bioreactor 9.57° 9.12¢

*Values in the same column followed by the same letter do not differ statistically from each other (significance level 5%).

FIGURE 2: Percentage (%) of the alkaloids emetine and cephaeline in Psychotria ipecacuanha roots extracts.

m Relative Area (%)
Cephacline

Due to growth conditions used in this work, the light levels, temperature, mineral composition of growth

regulators, pH, and age of the explants was completely controlled.

The results show that the addition of MS+1.0 mg L™ IBA in the culture medium in the bioreactor induced the increase

of these alkaloids, but when the concentration of this growth regulator was increased the alkaloids decreased.

Root growth and the composition of the root alkaloids of P. ipecacuanha can be altered by addition of

selected phytohormones to the nutrition medium.

The effects of auxin on gene activity, especially in the epidermis, explains the quantitative variation promoted
by addition of auxin23. Auxins may affect the types of proteins formed in a plant cell before or as soon as
growth promotion starts, which may explain the changes in the level of some substances through the

modification of cell enzymatic patterns(8l,

The effect of auxin on the levels of secondary metabolites has been previously observed. Auxin is able to

stimulate the synthesis of some essential oil compounds and indole alkaloids28-37,
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The results from the present study suggest that the growth regulator IBA influences P. ipecacuanha alkaloid
composition. This is an interesting result since emetine and cephaeline have great commercial value and

are mainly utilized in the phytopharmaceutical industry.

Conclusion

The use of MSO in temporary immersion bioreactor and semisolid MS medium supplemented with 0.5 mg L
of indolebutyric acid favored greater root production by providing 3 roots each of Psychotria ipecacuanha
seedlings. However, for increased emetine and cephaeline production, the treatment producing the best results
was supplementation of MS medium with 1.0 mg L™ IBA in the temporary immersion bioreactor, with a
production of 10.23 and 14.91%, respectively. Although this treatment promoted only 30% in vitro rooting of
the seedlings, 100% survival was observed in the acclimatization process of all seedlings tested regardless of
in vitro rooting, with no detectable morphological anomalies or variation. We therefore conclude that there is no

dependence of rooting in the in vitro phase for acclimatization success.

The micropropagation protocol established here was adequate for P. ipecacuanha seedling production
because it uses low concentrations of IBA (1.0 mg L") and results in seedlings with higher production of emetine

and cephaeline, with an average yield of 10.23 and 14.91%, respectively, at 24 months after acclimatization.
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