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ABSTRACT

Having a long history of traditional medicinal ajgpkions, Papaver somniferum is also
known as a source of various pharmacologically Igigittive opiates. Consequently, their
detection from plant extracts is an important atedy task and generally addressed by
methods of GC and LC-MS. However, opiates do alsmwsstructural similarities to matrix
molecules used in matrix assisted laser desorpbioization and may therefore ionize upon
simple laser irradiation. Following this analyticapproach, the present work thoroughly
evaluated the direct detection of opiates by mdtag laser desorption ionization (LDI) from
crude extracts oP. somniferum. The method facilitated the identification of tegported
opiates by their molecular formulae without anyorhatographic pre-purification. Moreover
a principal compound analysis based on LDI-MS geslamitted the correct grouping of all
extracts according to their inherent chemistry. @Weghese results highlight the promising

potential of LDI-MS for the swift detection of opés from complex mixtures.

KEYWORDS: opiates detectiorRapaver somniferum, LDI-MS, LC-MS, PCA
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INTRODUCTION:

Papaver somniferum L. (Papaveraceae), commonly known as opium poppy, gobally
cultivated medicinal plant and important sourcemany pharmacologically active alkaloids
such as codeine, thebaine, noscapine papaverinmarghine’ Exhibiting strong effects on
the central nervous system, some of these opiatesised as analgesic, antitussive and
antispasmodic medicinéd.Contrary to capsules, seedsPofsomniferum do not contain any
latex or notable amounts of alkaloids and are aufaopfood commodity in Central and
Eastern Europe. However, opiate contamination etisecaused by insect damage and bad
harvesting practices is a major concern recentbhlighted by European food safety
authorities Consequently, the rapid detection and chemicattifieation of opiates from
complex plant matrices is an important issue favdfsafety and generally addressed by
methods of HPLC-DAD, LC-MS or GC-M3%’ Any of these methods represent powerful
analytical tools however, very little is known abapium alkaloids in the context of laser
desorption ionization (LDI). Some of the very feeports describe isoquinolines like 3-
aminoquinoline and 1-hydroxyisochinolin as workimgatrices in matrix assisted laser
desorption ionization (MALDI}®* As many opiates actually share close structural
similarities with these compounds it is reasondblessume that they should ionize upon
simple laser irradiation and without matrix suppaftith this in mind, the present study
thoroughly evaluated the potential of LDI-MS foretldirect detection of morphinan and
benzylisoquinoline alkaloids from crude methandaplsule extracts dP. somniferum (I).
Moreover results were systematically compared withncurrently performed LC-MS
analyses (Il). Eventually, a principal componenalgsis (PCA) verifying whether sample

material could be statistically differentiated bde@ LDI-MS data was conducted (lII).
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MATERIAL AND METHODS:

Plant Material and Extraction.

Voucher samples from five different batches of puled capsules d?. somniferum were
collected at a confidential breeding farm and piedi by a private institute that wants to
remain anonymous. Reference specimens of each sargkept at the institute of SONAS.
Approximatively forty milligrams of powdered plambhaterial were mixed with 1550L
analytical grade MeOH (Carlo Erba Reagents, VadRdail, France) and sonicated for 20 min.
The suspension was then centrifuged for 10 mird80Q rpm and 800 pL of the supernatant
were recovered. Next 8QQ of fresh MeOH were added to the plant materiadl dne
extraction was repeated. Combined supernatants avexé under nitrogen yielding 4-6 mg
dried extract per sample. Detailed information aating exact weights of sample and plant

material is given in Table S1 (Supplementary Infation).

Laser Desorption lonization Mass Spectrometry Low-resolution (LR), LDI-MS
experiments were carried out on a Bruker Biflextihe of flight (TOF) mass spectrometer
(Bruker Daltonik, Bremen, Germany), equipped witB3 nm pulsed nitrogen laser (model
VSL-337i, Laser Sciences Inc., Boston, MA, USA)nfpées were analyzed in the reflectron
positive mode, within a mass range of2M0 Da. Acceleration voltage was set to 19 kV,
pulse ion extraction was 200 ns, and laser frequeras 5 Hz. Laser energy was individually
adapted to sample requirements and in the ran§6-86%. Stock solutions of extracts poppy
were prepared in MeOH at 20 mg/ml before beingtéduto 10 mg/mL with a solution
comprising MeOH and formic acid (Acros organicselz8elgium) (99:1, v/v). Finally, 0.5
uL were deposited in quintuplicates on a MALDI pldground steel, MTP 384 Bruker
Daltonics, Bremen, Germany). Data were acquireth@mual and automatic mode. The latter
facilitated an unbiased operator independent datuisition, which was essential for

consecutively performed PCA. In automatic mode, 3@fgle spectra from 30 random
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locations (10 laser shots each) were acquired andngd for each sample deposition spot.

Spectra were processed by FlexAnalysis 2.0 (BrDiedtonik, Bremen, Germany).

High-resolution (HR) experiments were performed aiSpiral-TOE™ MALDI TOF/TOF

mass spectrometer (Jeol LTd., Tokyo, Japan) eqdippiéh a pulsed laser operating at
349 nm. Experiments were performed in the posispgal mode within mass range of
100-1000 Da. Acceleration voltage was set to 20 kVeddsequency was 250 Hz and laser
power was 59%. Signals exhibiting a signal to naiggo (S/N) of less than ten were
considered not detected. Exported spectra wereegsed by mMass 5.5.0 a freeware by

Martin Strohalm?

HPLC-ESI-MS. Experiments were performed on a Trap Esquire 3008ttument (Bruker,
Bremen, Germany) equipped with ESI/APCI lon Trapwadl as a UV-VIS wavelength
detector. Instrument parameters and experimentaditons were as follows: Collision gas,
He; collision energy amplitude, 1.0 V; nebulizedadrying gas, B 7 L/min; pressure of
nebulizer gas, 20 psi; dry temperature, 300 °Gy ftate, 0.5 mL/min; solvent split ratio 1:9;
scan range, m/z 20-1000. In addition absorptiomrolatograms were acquired at 230 and
280 nm. Chromatographic separation was performedrding to a previously published
protocol with some modificatiorlsExperiments were conducted on a Gemim €@lumn
(3um, 110 A, 150 x 4.6 mm, Phenomenex, Le Pecqyde)aprotected by a pre-column
security guard cartridge & (4 x 3 mm i.d.) from the same company. The moplitase
contained a solution of ammonium bicarbonédervilab, Le Mans, France) at 20 mM
adjusted to pH 9.0 by ammonium hydroxide (Acrosaaigs, Geel, Belgium) (solvent A), as
well as LC-MS grade MeOH (Honeywell, Seelze, Germpazomprising 5% of solvent A
(solvent B). Gradient conditions were as follow8%#B (0-1 min), 40-100% B (1-30 min),
100% B (30-42 min). Signals exhibiting a S/IN<10Mi$, as well as less than 0.03 mAU in

UV were considered not detected.
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Data Processing and Principal Component AnalysidData from LR LDI-MS experiments
were processed by FlexAnalysis 2.0 (Bruker DaltpBikemen, Germany) and mMass 5.5.0
(Martin Strohalm, Czech Republié) Principal component analysis (PCA) was performed
Origin Pro (OriginLab Cooperation, Northampton, MAJSA), using the Principal
Component Analysis for Spectroscopy software extendefore conducting PCA, all LDI-
MS spectra were normalized to the base peak. Aranee analysis was performed and the

number of extracted components was two.
RESULTS AND DISCUSSION:

Preceding the current work, the concept of dirddt-MS was successfully applied for the
analysis of complex mixtures of phenolic compoulidSollowing the same methodological
approach, poppy extracts were first analyzed by UR-MS (Biflex Ill, Bruker). These
experiments suggested the presence of ten repopiates, namely morphind)( oripavine
(2), codeine ), thebaine 4), corytuberine §), reticuline ¢) papaverine), norlaudanosine
(8) and/or its constitutional isomer codamine, asl asllaudanosined] and noscapinel()
(Figure 1 and 2¥. *** Their molecular formulae were then confirmed by-HR-MS
(Table 1). It should be noted that norlaudanositet @damine are both reported constituents
of P. somniferum** but, as constitutional isomersn cannot be diststged by their quasi-
molecular ion signals. Overall results from LDI-M®vealed a considerable chemical
diversity within the analyzed samples, suggestiag the method may provide a valuable tool
for discriminative analyses of complex mixturesatkaloids. This aspect will be discussed in

detail later on in the manuscript.
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Figure 1. Structures of opiates that have been confirmethby molecular formulae. Both
norlaudanosine and codamir®dd,sNO,) are reported consituens Bf somniferum,** but as

constitutional isomers cannot be disdiguished leyr thuasi-molecular ions.
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Figure 2. High resolution LDI-MS spectrum obtained from ttreide methanolic extract of
sample 3. The following alkaloids were detected emafirmed by their molecular formulae:
Morphine (), oripavine R), codeine 8), thebaine 4), corytuberine %) reticuline ),
papaverine ), codamine and/or norlaudanosine) @nd laudanosined). Any compound
was detected by their quasi-molecular idhd+H]". A comprehensive summary of all
confirmed alkaloids in all samples is provided iable 1. Further HR spectra of all extracts

are provided in the Supporting Information seciibigure S5 A-E).



131  Table 1 High resolution LDI-MS performed on samples 1-5

molecular  calculated observed mass mass error mass error data from Opiates detected in sample
name formula  mass [M+H] [M+H] * (Da) (ppm) sample 1 2 3 4 5
morphine (1) Ci7H1gNO3 286.1443 286.1437 -0.0006 2.1 1 v v 4 4 v
oripavine (2) CigH1oNOs 298.1443 298.1435 -0.0008 2.7 1 4 4 v v v
codeine (3) CigH21NO; 300.1600 300.1596 -0.0004 -1.3 1 v v 4 4 v
thebaine (4) Ci19H21NO; 312.1600 312.1590 -0.0010 -3.2 1 v v 4 4 v
corytuberine (5) | CioH21NO, 328.1549 328.1536 -0.0013 -4.0 1 4 v v v 4
reticuline (6) Ci19H23NO, 330.1705 330.1691 0.0014 -4.2 3 v v 4 4 v
papaverine (7) Co0H21NOy 340.1548 340.1550 0.0002 0.6 1 4 v v v v
norlaudanosine*(8) | C,H,sNO,  344.1862 344.1847 -0.0015 -4.4 3 | Vv v v v v
codamine*
laudanosine (9) CoiH/NO, 358.2018 358.2001 -0.0017 -4.7 3 v n.d. 4 4 v
noscapine (10) | CyH,NO;  414.1552 414.1536 -0.0016 -3.9 1| v v nd nd nd

132 v detected, n.d. not detected (S/N<10). *Constihaidgsomers reported f&. somniferum.**

133
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134  Table 2.Comparison of results from LC-UV (230 nm), LC-MSJadR-LDI-MS experiments

sample 1 sample 2 sample 3 sample 4 sample 5

compound LC- LC- LDI- LC- LC- LDI- LC- LC- LDI- LC- LC- LDI- LC- LC- LDI-

uv MS MS uv MS MS uv MS MS uv MS MS uv MS MS
morphine (1) v v v v v v v v v v v v v
oripavine (2) v v v v v nd. v v v v v v
codeine (3) v v v v v v v v v v v v v v v
thebaine (4) co v v co v v co v v co 4 4 co 4 4
corytuberine (5) v v v v v v v v v v v v n.d v v
reticuline (6) v v v v v v v v v v v v v v v
papaverine (7) co v v co v v co v v co nd. v co n.d 4
norlaudanosine*(8) v v v v v v v v v v v v v v v
codamine*
laudanosine (9) v v v nd. v nd. | Y v v v v v v v v
noscapine (10) v v v v v v v v n.d. v v nd. | nd. nd nd.

135  Except for noscapinelQ) (sample 3 and 4) and laudanosi@g (6ample 2), HR-LDI-MS detected any of the compmisinbserved by LC-UV-
136  MS. On the other hand, papaverin@ Wwas exclusively detected by LDI-MS in sample 4l & A comprehensive summary of all LC-UV-MS

137 chromatograms is given in the Supporting Informatio



138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

11

With regards to common laboratory practices, thayais of opiates is mostly performed by
methods such as GC-MS, HPLC-UV and LC-UV-MSOne major advantage of these
hyphenated methods is, that complex mixtures umdehgomatographic separation before
entering UV or MS detectors. Consequently constitsi@re individually ionized, or, in case
of co-elution, as mixtures of very few compoundsitiMespect to LDI, the situation is
completely different, as all compounds concurreotiynpete in the ionization process. This
may induce so called “analyte suppression effed@&SE). Initially described for the MALDI
process®*® ASE may probably occur in matrix free LDI too, lasth methods share similar
ionization mechanisms. In order to address thigseissnd to compare LDI-MS to classical
analytical approaches, all samples were systentigtiaaalyzed by LC-UV-MS and results
are summarized in Table 2. Except for the minoalaikl noscapine (sample 3, 4) and trace
amounts of laudanosin®)(in sample 2, LDI-MS detected any compound obskitwe LC-
MS. On the other hand, solely LDI-MS permitted thetection of papaverine in samples 4
and 5. Compared to LC-UV, both LC-MS and LDI-MS #aited higher sensitivity and were
not impacted by the co-elution of papaverine aneéb#ine observed under given
chromatographic conditions. A comprehensive sumnadirgll LC-UV-MS experiments is

provided in the Supporting Information (file: LC-UMS data).

With regards to sample processing, LDI-MS did remjuire any sample pre-conditioning or
method optimization steps and yielded instant tesiWhile the automated acquisition of a
cumulative LDI spectrum was accomplished withirtyfiseconds, forty-two minutes were
required for an LC-UV-MS experiment. Moreover LDISVpermitted the use of any solvent
for sample solubilization and yielded distinct famgrint spectra with highly specific relative
signals intensity ratios for each sample. (FiguBeaBd S4) These findings confirm results
previously described for phenolic compounds, whacé discussed in detail in the original

publication®®
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Concluding the experimental approach, a PCA basdd>d-MS data was performed. Results
from this experiment are summarized in Figure 3 ahdw the correct grouping of all
samples according to their chemical composition.oA8ined in the Material and Methods
section, samples were deposited in quintuplicategach data point represent one cumulative
spectrum of 300 laser shots randomly acquired foora sample deposition spot. All data
points of all samples were located within the 95Hpse of confidence, confirming the
robustness of the method. This is once more in Wit previous observations made for
phenolic compound® Data points of sample 1 and 2 are located ratlesely in the PCA
with some overlay of their ellipses of confidenseggesting a similar chemical compaosition.
This also confirms the visual impression observdenvlooking at single spectra of these

samples (Figure S1 and S2 Supporting information).
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Figure 3. Principal component analysis of poppy samplestia®ed on their LR LDI-MS

spectra. Samples were analyzed in quintuplicate$ each data point represent one

cumulative spectrum of 300 laser shots that werglamly acquired from ten different

locations of one sample spot.

For the time being very little is known about tlomization of opiates by laser desorption.
Some reports describe the MALDI detection of mamghifrom bodily fluids, protein
conjugatesand pharmaceutical preparatidié! as well as from a mono-component
solution®* and TLC surface$’ Like LDI, MALDI yields instant results and may everovide
increased sensitivity. On the other hand MALDI evitably linked to the formation of
matrix ions in the low mass region, which may gasiiperpose analyte signals and prevent

correct spectra interpretation. In addition, redamdmatrix ions do severely impair statistical
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separation by PCA. Bypassing the problem of maimberference, surface assisted LDI
(SALDI) is commonly used for detecting small mollesu The method replaces the matrix by
nanotextured materials such as silicon or variquecifically structured metal surfaces in
order to assist the ionization process. With resfieopiates, one report describes the use of
carbon nano-coatings for inducing LDI of papavefihelowever present results have shown
that opiates do sufficiently ionize by simple lageadiation and without the support of any

nano-textured material or surface.

In summary the present work has discussed the anh&DIl properties of morphinan and
benzylisoquinoline alkaloids as well as their sitanéous detection from crude extracts of
P. somniferum. Permitting the detection of ten opiates by thmolecular formulae, results
from LDI-MS were comparable with those obtainedU@+MS. Moreover, all poppy samples
exhibited highly specific “fingerprint” spectra alling their unambiguous identification as
well as their discrimination by PCA. Facilitating automated and rapid qualitative analysis
of large sample batches, LDI-MS may provide anraggng analytical tool for industrial

application.
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ABBREVIATIONS:

APCI Atmospheric Pressure Chemical lonization

ASE Analyte Suppression Effects

ESI Electro Spray lonization

HPLC High Performance Liquid Chromatography

LC-MS Liquid Chromatography coupled with Mass Spatietry
LDI-MS Laser Desorption lonization coupled with MaSpectrometry
MALDI Matrix Assisted Laser Desorption lonisation

PCA Principle Component Analysis

TOF Time of Flight

uv Ultra Violet (used for absorption chromatogram&ombination with HPLC)
ACKNOWLEDGEMENT:
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Low (Figures S1-S3) and high resolution (Figure &%) LDI-MS spectra, as well as a
detailed summary of extraction yields (Table S1§ provided for samples 1-5. Further a
detailed analysis of the repeatability of LDI-MSpeximents is given (Figure S3, S4). A
complete summary of all LC-UV-MS experiments cortddcon samples 1-5 is provided as
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