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ABSTRACT

Pyrrolizidine alkaloids (PAs) are produced by nuoes plant species in nature. Numerous intoxicatiarenimals
and humans caused by the consumption of certaintplevere attributed from the middle of this centtoy
compounds of vegetable origin, the pyrrolizidinkadébids. Phytochemical studies on the crude extwédthe leaves
of Crotalaria species (Fabaceae family) were corniddc These plants are commonly used in traditionadicine
such as for treatments of uterine hemorrhages,rdgsg, and inflamed wounds. Although it has medicimlue, it
was also reported that leaves of this plant contajnpyrrolizidine alkaloids (PAs) are toxic to theimans and
animals, which are hepatotoxic, pneumotoxic, gexiofoneurotoxic, and cytotoxic. The purpose of entr
investigation is to study the PAs content of Cunial species. The structure of desired phyto ctrestits were
elucidated using Liquid Chromatography-Mass Spscopy and a combination of one- and two dimeradi@i
and 13C Nuclear Magnetic Resonance spectroscophidrstudy, one potent pyrrolizidine alkaloids,moorotaline
was isolated from Crotalaria retusa. This resultggests that it should be a safety consideratiocoimsuming this
plant for traditional medicine because it is alsontains toxic pyrrolizidine alkaloids. The strucdlly elucidated
toxic compound, monocrotaline was used for furtbgicological investigations.

Keywords: Crotalaria species, Phytochemistry, LC-MS, NMR spectrosc@&yyrolizidine alkaloid.

INTRODUCTION

Secondary metabolites, especially phytoconstityamtenisolated have pronounced pharmacological actions on
animal organs and their system. Several bioactiwggezonstituents were purified and used in the fdation of
drugs such as digoxin, morphine, reserpine, vitings vinblastine, quercitin [1-3]. The plants admttes their
significant phyto constituents in the preparatibriugs belonging to Asteraceae, Caesalpiniaceaghd@biaceae,
Fabaceae, Lamiaceae, Malvaceae, Mimosaceae, Merabk@ingaceae, Poaceae, Rubiaceae, Solanaceae and
Zingiberaceae [4-5].

Several investigations were carried out and maaptptompounds are identified to have antibioticpprtes [6].
The traditional healing systems utilizing herbaieglies are the significant source for the discowvafrynew
antibiotics [7]. Some of the compounds already poedi from herbal remedies have antagonostic ac@gainst
multi-resistant bacterial strains [8]. The discgvef unrevealed secrets in already known toxic &lerbedicines
facilitates the further synthesis of potent drugthweduced toxicity.

Numerous taxa of the genus Fabaceae are rich noliydine alkaloids exhibiting anti-leukemic, amteoplastic,
anti-diabetic and anti-cardiac properties [9]. Blridine alkaloids especially diesters, in additito medicinal
properties, cause hepatotoxic, mutagenic and azgeinic properties against humans and cattle [10V¥&]aimed
at studying the impact of pyrrolizidine alkaloid ¢ausing the toxicity in the organisms. As a pdrthe structure
based toxicological investigations, we standardittes protocols for the purification and structudatermination
using analytical techniques. During the currentestigation, the purification of the putative compduwas
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conducted through analytical techniques such gsapative and analytical HPLC. The purified putatbamstituent
was further subjected for molecular determinatismg LC-MS and'H and**C NMR spectroscopic analysis. In
future, the elucidated compound was about subjgdiim structure based toxicological investigatigmovides
information for designing the potent drugs withslésxicity.

MATERIALS AND METHODS

Plant material

Leaves ofCrotalaria retusal. were collected in Rushikonda area, Visakhapatnemtia, in March 2012, and
identified by Dr. Lakshminarayana, Andhra Universih voucher specimen (A.U. (B.D.H.) 5527) was deed at
the Herbarium of the Department of Botany, Andhravérsity, India.

Methods

Spectra were recorded on a Shimadzu UV spectesratLiquid Chromatography— Mass Spectrometer KLE)-
were used for molecular weight determination. 1Hl &3C NMR spectra was recorded on Nuclear Magnetic
Resonance - AV 400 using TMS as an internal Stahddrin layer chromatography was carried out acaijel 60
GF254 plates (Merck, Germany), chloroform-metharmonia (80:10:1) as mobile phase and Dragendorf
reagent as spot detection

Extraction

The air dried Crotalaria species (4 kg) was exédhatith methanol in a Soxhlet apparatus for 75 sioResidue
after evaporating the solvent added with waters extracted with diethyl ether in a sepagafimnel to give
diethyl ether fraction and aqueous phase I. Aqughiase | was mixed and extracted with ethyl acajate ethyl
acetate fraction and aqueous phase Il. After modiof NH4OH until pH 10, aqueous phasewds extracted
with CHCI3, which give organic fraction and aquegisse Ill. After solvent evaporation under redupssksure,
the CHCI3 fraction as a yellow brownish solid des# (5.85 g) was separated on Silica Gel 60 H @) with
hexane-ethyl acetate (50:50) to methanol (100%)airgradient eluting method by Dry Column Vacuum
Chromatography (DCVC). The ethyl acetate- mathémactions (10:90 to 1: 99) give 100 mg of whieystal
named compound 1. The crude extract obtained veasldied in methanol and then filtered before suivjgto LC-
MS and NMR analysis.

Analysis of HPLC— Electro Spray lonization (ESI) B¥eriments

This was performed on Shimadzu HPLC auto sampkery coupled with Shimadzu LCMS-2010A ESI (Electron
Spray lonization) Mass spectrometer (Shimadzu,r)adde sheath and auxillary nitrogen gas actseasilizer gas
with flow ratio of 70:30. The Shimadzu HPLC instrent is equipped with a Luna C18 reverse phase golum
(250mm X 4.6mm, 5u), an LC-20AT pump and UV/Visibletector SPD-20A (254 nm), for the analysis. Au20
Hamilton injection syringe was engaged with thetexsys The system was controlled by a PE Sciex Mdssr@
data system (version 1.1.1). The sample was arthlyith operational conditions for the ion sprayeifiice having
MS mode with 200-1000 u, step size with 10 u andltiime 5 min. LC-ESI-MS—-MS experiments were parfed
online directly after LC separation. The MS-MS dpeavere considered to be significant for signahtdise ratio
higher than 5.0. The separation of crude sampkepeaformed at a flow rate of 1 ml/min under unifioronditions.
MS spectra were recorded in positive ionization enadid analyzed with a capillary temperature andagel of
225°C and 43 V respectively in second spectral scae.SEfected daughter ions from initial MS fragmeatatvere
selected for further fragmentation.

Nuclear Magnetic Resonance spectrometry (NMR)

The HPLC purified fraction was dissolved in 7mL @3.9% CDC{ (Deuteriated Chloroform) for recording the
NMR spectra using Bruker Avance 400 Ultra-shief\-400 (Bruker BioSpin, Germany) NMR spectrometeith
400MHz magnet with QNP probe (5mm) for the deteatiom of structure for the putative compound usidgand
13C NMR. The solvent and Tetramethylsilane (TMS) wesed as the internal standards & and’H signals
respectively. The chemical shift values for bbid and*H NMR signals were recorded for the elucidatiorthuf
structure for the targeted putative compound. Thecture of the putative compound was deduced dextified as
monocrotaline.

Statistical analysis
All the qualitative tests were conducted and evallizhrough Linear regression analy$5< 1).
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RESULTS AND DISCUSSION

The purification and structural elucidation of thetative alkaloid fronCrotalaria retusais the mile stone in the
toxicological studies on toxic compounds such asqgtiyidine alkaloids. During the present investiga, crude
methanolic extract o€rotalaria species was subjected for purification of putateastituent through HPLC and
their structure was elucidated usin@-MS and NMR spectroscopic analysis.

Liquid Chromatography-Mass Spectrometry (LC-MS)

A pyrrolizidine alkaloid in crude extract @rotalaria species was directly analyzed through ESI-MS ngktiite
LC-ESI-MS analysis of eluent showed the ion sigfiatgyrrolizidine alkaloid am/z326 [M+1], m/z276 [M+1T,
m/z128 [M+3]" and 102 [M-5] (Fig. 1). The results obtained represented thaptisitive ESI mode is good for the
detection and their primary structural charactéigreof HPAs in a complex mixture. The total iorr@matogram of
alkaloid fraction ofCrotalaria retusawas falls in ESI scan mode. The tandem mass speaif authentic standard
of Crotaline was first analyzed through direct siin. The sample chromatogram was analyzed and areahpvith
the reference peak. The Liquid chromatography -dviaslysis (LC-MS) was resulted with an empiricafrfulae
C16H23aNOg havingm/z = 326 [M+1]in positive ionization. The alkaloids were well aeqted under the current
HPLC conditions, which were confirmed through MS—N&-cursor ions scan afV/z 276 andm/z 256. The
elemental analysis was done and the share of daatert in the molecular stability is decipherede dalculated
share of elements in putative molecule are C =89;1H = 7.03%; N = 4.23%; O = 29.56%, obtained §9-:07%;

H =7.07%; N = 4.30%; O = 29.56%. The Mass spectnallysis was also done for the pyrrolizidine aidlfrom
Echium vulgareand similar success was observed in the elucidatithe compound [14].

(NP 3
CHy or—CHy

-
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Figure 1: Proposed fragmentation pathway of monocraline. The ions atm/z 128 andm/z 102 are two diagnostic ions for retronecine
type of pyrrolizidine alkaloids. The ion atm/z276 corresponding to [MH — CQ]+ is the most abundant character ion and was seltsd
for analysis of putative alkaloid

NMR spectroscopic analysis

The chemical structure of the putative compound idestified according to thefiH and**C — NMR data (Fig. 2-
3). The®®C-NMR spectrum of the analyzed alkaloid fractiomigbered the presence of 16 carbons. The sigrial at
174.0 ppm confirmed the presence of the carbongumr while the signal a3 173.5 ppm is evidence for the
oxygenated ring carbon. The spectrum revealed teteyl carbons ai 78.8 ppm, 33.6 ppm and 21.9 ppm in 23,
21 and 18 position. The signal obtained&f.7.7 ppm indicated the presence of hydroxylatetara The'H-NMR
spectrum revealed that the two doublets 5104 ppm J = 5.2 Hz) and 6.03 ppm for the protons of carboxyl group
which is typically located at positions 7 and 9eHinglet ab 4.9 ppm is due to 3H while one methylene signals a
position 1 and 2 appeared as multiplets betwe258—-3.50 ppm (Table — 1).
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Figure 2: **C NMR spectra of monocrotaline alkaloid analyzed irBruker Avance 400 Ultra-shield NMR spectrometer
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Figure 3: *H NMR spectra of monocrotaline alkaloid analysed Lisg Bruker Avance 400 Ultra-shield NMR spectrometer

The structure of the putative desired compound idestified based on all the above spectroscopidyaisaof
alkaloid fraction from methanolic extract d@@rotalaria retusa (Fig. 4). The structure deduced in present
investigation was identified as Monocrotaline; pjizidine alkaloid through comparison with literegudata. The
compound with 98% similarity was previously repdrfer Senecispecies [10]. The NMR analysis for bdth and

3 was done accordingly through standard protocofssimilar success was observed in the structimaldation

of B-glucan polysaccharide isolated froAuricularia polytricha [15]. We also standardized the protocol for
structure based toxicological studies on struchyidgtermined pyrrolizidine alkaloid, monocrotalireslated from
Crotalaria retusa
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Table 2: *H-NMR (400 MHz) and **C-NMR (75 MHz) spectral data of alkaloid fraction dssolved in CQOD (6 in ppm, J in Hz)

Position "H-NMR (5 ppm) C-NMR (8 ppm)
1 — 134.4
2 - 132.8
3 2.58 (g, 1H,) = 8.0 Hz) 44.4
4 — _

5 2.80(q, 2HJ=7.2 Hz) 53.7
6 — 60.6
7 3.49 (h, 1HJ), = 4.4 H2) 61.3
8 1.21 (h,3H)=7.2 H2) 75.1
9 4.90 (s, 1H) 76.7
10 — —
11 — 173.5
12 — 77.4
12 3.86 (d, 2H,J) = 1.6 Hz) 13.7
13 6.03 (s, 1H) 78.8
13 5.04 (dd, 1HJn = 5.2 Hz) 17.7
14 2.07 (g, 2H) = 11.2 Hz) 21.9
15 1.42 (s, 3H) 174.0
16 1.34 (s, 3H) 33.6

NOTE: s = singlet; h = hextet; q = quartet; d = dolet; J= coupling constant;
dd = double doublet; m = middle; o = octet.

22 a3 a0
Hi CH:] HO a1
15 CH
3
HEII: 0O
19
H
14a
]

Figure 4: The schematic representation of the putate compound analysed through LC-MSH and **C NMR analysis [(4R, 5R, 6R, 9S,
16R) — 5,6-dihydroxy — 4,5,6,9 — tetramethyl-2,8-dka-13 — azatricyclo (8.5.1.6*'9 hexa dec — 10-ene- 3,7-dione] (monocrotaline)

Several analogue were obtained, but only one analof§monocrotaline was significant for having lesscity and
retaining their bioactive properties without anteetion (data not shown). We are standardizingptio¢ocol for
conducting the structure baséd silico toxicological studies on structurally determinegrplizidine alkaloid,
monocrotaline isolated froi@rotalaria species.

CONCLUSION

An efficient, reliable and sensitive LC-MS analg@ienethod with significant precision and accuraeyeloped in
present investigation facilitates the purificatimihmedicinally important pyrrolizidine alkaloidsoim plant extracts.
The ESI-MS experiments fragmented the diagnostis for the desired compound from which both thelanity
and diversity in structure was detected implies ghecificity and sensitivity of the method. The cp& obtained
through ESI fragmentation in LC-MS, 1H and 13C NMmRy helps in determination of the structure of puta
compound. In the present investigation, a pyrrdiie alkaloid was purified through HPLC and theioletular
mass and structure was determined through onlinpled LC-MS and NMR spectroscopic analysis respelsti
The structural elucidation of the toxic pyrroliziéi alkaloids provides a way for the structure basgedilico
toxicological studies and their modeling in drugide against various potent diseases in additidhecestimation
of pharmaceutical formulations.
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