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ABSTRACT

Preliminary work orPassiflora alatéeaves failed to detect harmane alkaloids using Ti& aim of this work was to
investigate the production of harmane alkaloidsotlgh the cell culture oP. alata inducing its precursor (L-
tryptophan). The leaf explants presented satisfgatesults after disinfection, and the callus fotioa was initiated

in MS media with adequate quantities of phytohomsorsixty days after inoculation, calli were in@tet in the
optimized semi-solid MS media, with and without dldelition of L-tryptophan (50, 100, 200 mg/L) arepkin
standard conditions for 90 days. Calli were colegtton days 6, 16, 26, 36, and 90, followed by beisk
extraction, and analysed by LC. The results shoamedabsence of harmane, harmin, harmol, harmalold an
harmaline. With L-tryptophan feeding, two peaks evdetected, collected and analysed through positieele
electrospray [ESI(+)-MS] and sequential analysis tandem ESI(+)-MS/MS. The spectra obtained were ver
similar, with a repetition of the more intense ipasd consecutive loss of 68 Da units, attributethe heterocycle
pyrazole. It appeared that this transformation wem related to any enzymatic pathway previouslycdiesd for
the plant from L-tryptophan, and the biosynthedig-carboline alkaloids in callus culture d?. alatawere not
observed in this work.
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INTRODUCTION studies focusing on the chemistry of this species
are scarce, making the standardization of this
Leaves from severalPassiflora (vernacular traditional drug difficult.P. incarnatal. has been
passionflower) lianoid species are widely used iextensively studied, both chemically and
folk medicine as anxiolytics and sedatives. Sinc®iologically, and is included in the European
1867, they have formed part of classical medicin®harmacopoea (Dhawan et al., 2001 and 2004,
as sedatives, and to combat the sleeplessness &alilimani et al., 1997). The biological activity of
irritability (Freitas, 1985). The leaves Bfissiflora  other Passiflora species has been investigated,
alata Curtis, Passifloraceae (“sweet passion fruitsuch asP. actinia (Santos et al., 2006) arfe.
are registered in three editions of the Braziliaredulis (Rebello et al., 2007).
Pharmacopoeia. Despite being formally registered,he principal bioactive compounds described in
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this genus aré&-glycosyl derivatives of apigenin biosynthesis through precursor feeding, which has
and luteolin (vitexin, isovitexin, orientin, been one of the most successful ways of inducing
isoorientin, and schaftoside, among others)secondary metabolism in cell cultures (Hughes and
constituting the best currently available optioss aShanks, 2002). However, the productionno¥itro
quality markers (Schmidt and Gonzéalez-Ortegagompounds in Passiflora has never been
1993; Petry et gl.1998). Recently, an aqueousinvestigated. Therefore, this work dealt with
extract of P. edulis presented anxiolytic-like inducing the callus and cell culture Ief alataand
activity without any significant effect on motor the investigation ofin vitro alkaloid production,
activity, whilst the total flavonoid fraction (whic with and without_-tryptophan feeding.

contains luteolin--[2-rhamnosylglucoside]) The cell culture ofPassiflorawas revised (Drew
presented an anxiolytic-like activity but 1997), and some authors, using several explants
compromised motor activity (Coleta et,&006). such as endosperm and zygotic embryo (Guzzo et

Although severain vivo experiments have been al., 2004), internode segments (Biasi et 2000)
carried out to determine more precisely theand leaf discs (Monteiro et aAR000) carried out
pharmacological activity dPassiflora,it is not yet organogenesis. The culture of isolated protoplasts
possible to attribute the overall effects of this(naked cells), followed by reproducible plant
species to any single class of compounds or entitggeneration, was also studied (Davey et al.
(Pereira and Vilegas, 2000; de Paris et 2001; 2006)

Abourashed et al2002). The possible concerted

action of several alkaloids and flavonoids in

producing therapeutic effects of theassiffora MATERIALSAND METHODS

drug has been emphasized (Benatti, 1971). Some

early reports indicate harmane alkaloids as thplant material and tissue cultur e conditions

main bioactive constituents &f. incarnata due to Callus cultures were established fram alata
their MAO enzyme inhibiting properties (Dhawan|eaves, obtained from authentic matrixes, from the
et al, 2001, 2004; Soulimani et all997). Empresa de Pesquisa Agropecuaria e Extensdo
Harmane alkaloids were described in the genuRural de Santa Catarina (Epagri) - Estacdo
Passiflorain the 1950s, and its biosynthesis fromExperimental de Itajai. Leaf fragments from
L-tryptophan has been proposed (Slaytor anghature leaves were washed in distilled water and
McFarlane, 1968). In the 1970s and earlierneutral detergent (2 min), followed by immersion
analytical works carried out using less sensitivén 5% Ca(OC1) solution (10 min). These were
techniques found appreciable amounts of alkaloidgien washed in distilled water again, and then in
in the genusPassiflora (Lutomski et al. 1974, EtOH 70% (1 min), sterilized in 0.3% HgCl
1975; Lutomski and Malek, 1975; Benatti 1967 solution (5 min), and rinsed three times with $teri
Poethke et al.1970, Neu 1956, 1954). However, distilled water. The leaf fragments were placed on
recent studies by HPLC have not indicated thea MS (Murashige-Skoog) medium with sucrose
presence of harmane alkaloids in this genugso g/L) and agar (7 g/L) and pH adjusted5.8.
(Rehwald et al. 1995, Grice et al. 2001, The media were supplemented  with
Abourashed et al. 2003). Only one work benzylaminopurine (BAP) (3 mg/L), 2,4-
describingp-carboline alkaloids in large amounts dichlorphenoxyacetic (2,4-D) (2 mg/L), and
in P. incarnata,by HPLC, was found (Tsuchiya et kinetin (KIN) (3 mg/L) - the optimized
al,, 1999). Some authors have linked the presengshytohormone combination, previously
of these alkaloids with the developmental stage afetermined (unpublished data). Cultures were
the plant (Bisset and Wichtl, 2001). There wergarried out under aseptic conditions and incubated
insufficient data to determine whether alkaloidagt 28° + 1°C with 16 h photoperiods at 40 — 50

profiles could be influenced by genotypes. pumol/nf/s. Calli were subcultured (1 g, fresh
A previous work orP. alataleaves conducted in weight) every four weeks to the same
our laboratory failed to detect harmane alkaloidgupplemented media described above, with and
by HPLC analysis, which prompted us towithout L-tryptophan (50, 100, and 200 mg/L).

investigate the production of this type ofcCalli were collected on days 6, 16, 26, 36, and 90.
compound by plant cell cultures, inducing its
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Extraction, isolation and analysis of the injection flux of 10 pL/min; and a sample of 1
secondary metabolites mg/mL MeOH/HO 50% (v/v) were introduced.
After the incubation period, the calli were purgedThe ion spray voltage was 5500 was V and the
and dried at 50C for 24 h, homogenized in an heated interface plate was set to 100°C. Nitrogen
ultrasonic bath for 15 min with 2% HCI, and thenwas used as curtain (value of 50) and collision gas
filtered. This procedure was repeated three timegset to high). Source gases 1 and 2 were set to 50
and the resulting extracts were combined. Nexeand 30, respectively. The desclustering potential
the pH was increased (pH ~ 10) by the addition ofvas 50 V and the collision energy was 15 eV. The
NH4OH and extracted with CGi&l, (3 x 20 mL). mass detection was performed in positive ion
The combined organic extracts were washed witmode using an Electrospray probe. EP (entrance
H,O (3 x 20 mL), dried with N&Q,, filtered and potential) = 5.

submitted to solvent elimination under reducedNMR spectra were recorded at 293 K in MeOp-d
pressure, on a rotary evaporator. on a Bruker AVANCE 400 NMR spectrometer
TLC investigation of the extracts was carried oubperating at 9.4 Tesla, observing *H at 400.13
using toluene/ethyl acetate/diethylamine (70:20:10/Hz.

v/v) as mobile phase and Sorbent Silica gel &

stationary phase, revealing the presence of the

metabolites under UV light at 254 and 365 nmRESUL TS AND DISCUSSION

The extracts were, therefore, redissolved in MeOH

(HPLC grade) (1:10 w/v) and submitted to HPLCIn vitro propagation oPassiflorahas shown high
analysis, as well as MeOf)- for NMR contamination levels and difficulty in breaking the
measurements. The peaks eluted from the HPL@ormancy of the seeds (Monteiro et, &000,
analysis were collected, and the mobile phase w#tassos et al2004). Therefore, in this work, the
eliminated using a speed-vac system, prior to MSeeds oP. alatawere treated with gibberellic acid

analysis. after disinfection, and presented low germination
levels (less than 5%). The leaf explants presented
HPLC analysis more satisfactory results after disinfection, amel t

The HPLC system consisted of a Waters 60@allus formation was initiated 30 days after
pump, a 2996 PDA detector, and a Rheodynmoculation; dedifferentiation was observed on the
7725i (loop 20uL) manual injector. The analyses cut surface of the leaf explants, and this material
were carried out on a Phenomenex Synergi RP-Mas sub-cultured 60 days after induction. These
(250 x 4.6 mm i.d., fim) column, inside a column calli (1 g, cream in colour) without morphological
oven fit to 30 °C. The mobile phase was differentiation, were inoculated in semi-solid MS
MeOH/NaOAc (50 mM, pH 40) in a linear media (20 mL) with and without the additionlof
gradient mode from 30 to 100% of MeOH in 25tryptophan (50, 100, 200 mg/L), and kept in
min, maintained for 5 min, and reaching the initiaistandard conditions for 90 days. Samples were
composition in 10 min. The flow rate was 1.0collected on days 6, 16, 26, 36, and 90, using an
mL/min. The analyses were monitored at 250 angcid-base extraction, and submitted to HPLC
340 nm. All the organic solvents were HPLcanalysis. During this period, the cultures preserve
grade, and the ultra pure water (M||||-Q System,theil’ initial aspect, with Sllght grOWth of cellula
Millipore) was filtered through 0.45 pm mass. The results of the evaluation of the main
membranes (regenerate CG”U'OSQ, Schleicher a,ﬁ@pt_abolites found in the organic extracts from the
Schuell) and degassed prior to use. Commegeial i Vitro cultures showed an absence of the selected
carboline alkaloid samples (harmane, harmind}-carboline —alkaloids. Figure 1 shows the
harmol, harmalol, and harmaline, from Spectrumghromatogram profile of the selected standards,

were used as standards. armalol, harmol, harmane, harmaline, and
harmine, as well as their UV profiles. These
Spectrometric analysis alkaloids were not observed through retention time

MS experiments were performed on a hybrid triplénd UV spectra in any of the samples analyzed.
quadrupole/linear ion trap mass spectrometepOme authors dealing with-tryptophan addition

(4000 Q-Trap system, Applied Biosystems),a”d harmane alkaloid production observed an
equipped with a turbo ion spray, source witHncrease in harmaline and harmine (Pinto and
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Lameira, 2004) in Peganum harmala L., with 2,4-D and KIN stimulated harmol and
Zygophyllaceae callus culture. Without L- harmalol synthesis inCoptis japonica Makino,
tryptophan addition, serotonin was also detected iRanunculaceae (Pinto and Lameira, 2004).

this species (Sasse et al, 1982). Supplementation
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Figure 1 - Chromatogram of standaféicarboline alkaloids (10Qug/mL), 340 nm. Peaks 1-5
correspond to harmalol, harmol, harmane, harmalim& harmine, respectively. For
chromatographic conditions, see Material and Method

With L-tryptophan feeding, independent ofHPLC analysis, were collected and analyzed
cultivation time or amount added, two peaks (Athrough positive-mode Electrospray[ESI(+)-MS]
and B) were consistently detected in the extracdnd sequential analysis in tandem ESI(+)-MS/MS,
produced, with different UV profiles and retentionusing a triple quadrupole combined with an ion-
times (17.30 min, A and 22.96 min, B) from thetrap linear device. The spectra obtained (full $can
standards used (Fig. 2). All the-tryptophan from A and B were very similar, with repetition of
concentrations presented the same peaks, withe more intense ions. The sequential analyses
relative areas in different proportions for eachMS/MS) of ions m/z 431 andm/z 227 were
concentration tested. Calli cultivated without thefragmented through collision with nitrogen inside
addition ofL-tryptophan did not present peaks ina collision chamber (Q2).

the selected eluent system in the time studied.  The fragmentation of the iom/z 431 of B,
The same organic extract which was analysed kgsulted in daughter ions of/z362,m/z295,m/z
HPLC crystallized in a refrigerator and the *H227 (more intensen/z 158 andm/z 91 (Fig. 3).
NMR spectrum was obtained for the resulting=rom these results, it could be clearly seen trat i
crystals, showing overlapping signals only in then/z227 was a fragment formed from ionz431.
aromatic regiond 7.0 to 9.0 ppm). As for th- From A, the spectrungSI(+)-MS/MS of ionm/z
carboline standards, TLC analysis of the extractd27 was obtained, which presented mainly the ions
presented fluorescent zones. Due to the smai/z159 andm/z91 (Fig. 4), just as observed for
quantity of sample, the peaks (A and B) eluted bthe MS fragmentation of iom/z431 from the B.
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see Material and Methods.
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Figure 4 - SpectrunESI(+)-MS/MS of ionm/z227 fromA. For analytical details, see Material
and Methods.

From the ESI(+)-MS/MS spectrum of ian/z431 one of the most important phenomena that occur
and m/z 227, the consecutive loss of 68 Da unitsluring the processing, cooking, and storage of
could be observed. This neutral unit was attributetbods. Numerous studies have reported some
to the heterocycle pyrazole, according to thdeneficial effects associated with the Maillard
fragmentation proposal presented in Figure 5. reaction products (MRPSs), including the formation
According to these results, it could be concludedf compounds with antioxidant anticarcinogenic,
that the L-tryptophan indole ring was opened,and antimutagenic properties (Sun et 20D07).
followed by a rearrangement, giving the productMany studies have focused on the high antioxidant
(pyrazole). Apparently, this transformation wascapacity of MRPs in model systems and foods
not related to any enzymatic pathway previouslhpuch as beer, coffee and baked products. The
described for plant biosynthesis fronL- majority of studies consider MR as a series of
tryptophan, since all the metabolites formed kepsubsequent and parallel reactions. Although
the indole ring intact. However, the formation ofpyrazoles are not considered common MRPSs, their
heterocycle rings is frequently observed inpresence was evidenced in Maillard systems,
processes mediated by heating (pyrolysis), frorindicating the diversity of molecular structureatth
amino acids and reducing sugars (Maria et alcould be formed during the reaction (Yaylayan and
1999). The nonenzymatic reaction of a reducindgdaffenden, 2003).

sugar and the free amino groups of a protein dn order to test the hypothesis that the pyrazoles
peptide is called the Maillard reaction (MR), asd i obtained here could be MRPs, a mixture consisting

Braz. Arch. Biol. Technol. v.53 n.4: pp. 901-910lyJAug 2010



Search for Alkaloids on Callus Culture Béssiflora alata 907

of L-tryptophan and sucrose in water (in the samsame peaks (minute amounts), with the same
proportion as that used for the MS media) wasetention time and UV profile, together with other

processed in the same way as calli {60 24 h), unknown peaks, were observed in the

extracted, and injected in HPLC. Surprisingly, thechromatogram (Fig. 6).

miz91

m/z 295

Figure5 - Fragmentation proposition for substances presethie calli extract oP. alata
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Figure 6 - Chromatogram of sucrose ahetryptophan mixture, 300 nm. For chromatographic
conditions, see Material and Methods.
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Therefore L-tryptophan feeding on MS media did relacionada a uma biossintese previamente descrita
not influence the biosynthesis d8-carboline para alcal6ideg-carbolinicos.
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