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Abstract

Phytocannabinoids are a broad class of compoundsaely synthesized by the various strains of
Cannabis sativa. Up to date, most investigation on phytocannakisitiave been addressed to
the most abundant speci@s;tetrahydrocannabinol and cannabidiol, for theitiikrown wide
range of pharmaceutical activities. However, inrégeent years a large number of minor
constituents have been reported, whose role inatasipharmacological effects is of current
scientific interest. With the purpose of gainingtwtedge on major and minor species and
furnishing a strategy for their untargeted analyisishis study we present an innovative
approach for comprehensively identifying phytocdnnaids based on high-resolution mass
spectrometry in negative ion mode, which allowgisination of the various isomeric species.
For a faster and more reliable manual validatiotheftandem mass spectra of known and still
unknown species, an extensive database of phytabarmd derivatives was compiled and
implemented on Compound Discoverer software foisétap of a dedicated data analysis tool.
The method was applied to extracts of the Itali®hZFmedicinal cannabis, resulting in the
identification of 121 phytocannabinoids, whichhe thighest number ever reported in a single
analysis. Among those, many known and still unknonvoonventional phytocannabinoids have
been tentatively identified, another piece in thezpe of unravelling the many uncharted

applications of this matrix.
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Abbreviations

HRMS: high-resolution mass spectrometry
CBD: cannabidiol

THC: tetrahydrocannabinol

CBG: cannabigerol

CBC: cannabichromene

CBL: cannabicyclol

CBN: cannabinol

CBDN: cannabidinol

CBE: cannabielsoin

CBT: cannabitriol

1. Introduction

Phytocannabinoids are a class of terpenophenaftpoands uniquely found in the various
strains ofCannabig[1]. Despite being employed for thousands of yaaus already introduced in
the western world in the nineteenth century foaitalgesic, anti-inflammatory and narcotic
properties[2], cannabis psychoactive effects hddéed most governments, up to recently, to

list it as Schedule | drug, implying, in fact, reghl uses for medicinal applications. In the recent



years, however, investigations in neurobiologyarirtabis assumption led to the discovery of
the endocannabinoid system[3,4], generating aniagegasing interest in the pharmaceutical
and therapeutic fields, which has nowadays promateartial lifting of the restrictions in the
usage of medicinal Cannabis-tetrahydrocannabinohf-THC), the most abundant and
notorious phytocannabinoid, has been largely ingatgd for its ability to bind cannabinoid
receptors CBand CB with a strong binding affinity, causing the wehdwn intoxicating
psychoactive effect[5]. Other phytocannabinoidg, eannabidiol (CBD), have been proven to
interact with non-CB molecular targets, such asigky receptors[6], G protein-coupled
receptors[7] and serotonin receptors[8]. THC ipoasible for partial agonist activity to both
CB receptors and enacts a wide range of pharmacalagffects, such as appetite stimulation
and relief of neuropathic pain in patients suffgrirom multiple sclerosis[5,9], while CBD has
much lower binding affinity and displays antagomistivity instead, tempering the psychoactive
effects of THC[10]. Moreover, CBD interacts withveeal non-cannabinoid receptors, carrying
out various neuroprotective functions, ranging fr@uucing oxidative stress to anxiolytic,
antidepressant, anticonvulsant and antiarthritiiviies[11]. On the basis of theit>-THC and
CBD content, the numerous straingGainnabis sativa are usually distinguished into drug-type
(high THC content) and fiber-type (high CBD con)§ti?].

In addition to the two aforementioned compounds;eriban one hundred other
phytocannabinoids have been identified to date[di8]ded into 11 subclasses according to their
structure: cannabigerol (CBG)-typ&’-THC-type, CBD-type, cannabichromene (CBC)-type,
cannabinol (CBN)-typeA®-tetrahydrocannabinohf-THC)-type, cannabicyclol (CBL)-type,
cannabidinol (CBND)-type, cannabielsoin (CBE)-typannabitriol (CBT)-type and

miscellaneous type[14]. Those species are syniéebgizthe glandular trichomes of the female



flowering and fruiting tops in their acidic forrpe@ eventually undergo spontaneous non-
enzymatic decarboxylation, generating the morelfamrmeutral species[12,13]. As a matter of
fact, it is worth mentioning that several classkeghytocannabinoids, like CBT-like and CBE-
like, are likely oxidation products generated eitimethe plant or during storage, drying and
extraction phases.

Up to now, most studies profiling phytocannabinaigisort only the major constituents[15-19].
whereas it has been demonstrated that cannab&cextrom different strains showed
contrasting anti-convulsant effects despite possg&xjually high CBD concentrations, meaning
that low-abundance cannabinoids could play a crucia in determining the pharmaceutical
properties of cannabis and its derivatives[20].nite purpose of gaining knowledge on less
notorious compounds, high-performance liquid chrimgaphy (HPLC) coupled to high-
resolution mass spectrometry (HRMS) is the forerntedinique for the comprehensive
characterization of phytocannabinoids[20-23]. Etreughn-propyl homologues of THC and
CBD have been known for a long time[5]. more relgemther unorthodox homologues 41-
THC and CBD presenting alkyl-resorcinyl chains afywng length have been isolated and
characterized for the first time by means of HR\&lgsis[24—26]. In particular, one af-THC
homologues, namet’-tetrahydrocannabiphoroh{-THCP) since presents a heptyl-resorcinyl
moiety, was isolated from the Italian FM2 medicioahnabis variety and showed a
cannabimimetic activity several times higher thisrcommon pentyl homologue[26].

In this study we present an innovative approaclktéonprehensively identifying
phytocannabinoids based on HRMS data. For a faattmore reliable manual validation of
MS/MS spectra of known and still unknown speciese@ensive database of phytocannabinoid

derivatives was compiled and implemented on Com@discoverer software (Thermo Fisher



Scientific) for the automatic match of extractedttees to those present in the database. A
detailed study of cannabinoid fragmentation patrswags achieved for the correct identification
of the extracted compounds. The aim of the woudteating a workflow specifically dedicated to
a faster and more exhaustive analysis of phytodanaals, which conjugates acquisition in
untargeted fashion to suspect screening data asialyee method also enables the potential
discovery of still uncharted species for a bettetarstanding of cannabis chemical compaosition
and further uses in pharmaceutical and therapéatits. To the best of our knowledge, this is
the first example of a dedicated data processimsfleov for the simultaneous identification of
all phytocannabinoid derivatives. The method wadiag to extracts of the Italian FM-2
medicinal cannabis, variety which was chosen fobélanced content of both THC and CBD as

well as other non-canonical pytocannabinoids[25,26]

2. Materialsand methods

2.1. Chemicalsand Materials

Ethanol 96% (analytical grade), acetonitrile, wabted formic acid (LC-MS grade) were

purchased from Carlo Erba (Milan, ItalW>-Tetrahydrocannabivarilf-THCV), A%-THC,

cannabidivarin (CBDV), CBD, CBG, CBN, CBC, cannahiglic acid (CBGA),



tetrahydrocannabinolic acid (THCA) and cannabidialcid (CBDA) were purchased as

Cerilliant certified analytical standards (SigmadAth, Milan, Italy).

2.2. Cannabinoid extraction and HPL C-HRM S analysis

FM-2 inflorescence (batch n. 6A32/1) was suppligdhia Military Chemical Pharmaceutical
Institute (Florence, Italy) and used for extractgord analysis by the Department of Life
Sciences of the University of Modena and Reggioliamiith the authorization of the Italian
Ministry of Health (prot. n. SP/062). The raw m&g(l.5 g) was finely ground with a coffee
grinder and divided into two batches. One batcl) (@) was extracted without further
treatment (native FM2), whereas the other one (&ay) placed in an oven at 120 °C for 2 h to
achieve decarboxylation (decarboxylated FM2). Aft@oling to room temperature, 500 mg were
extracted as indicated by the monograpRarinabis flos reported in the German
Pharmacopoeia[27]. Briefly, FM2 inflorescence, eitn native or decarboxylated form, was
suspended in 20 mL of 96% ethanol and stirred@nhrtemperature for 15 min. The extract was
transferred into a volumetric flask and the sofididue further extracted with 12.5 mL of 96%
ethanol. This step was repeated with further 12.5f06% ethanol and the volumetric flask
was filled up to 50 mL with fresh ethanol. A 1 mligaot was filtered through a 0.45 pum
cellulose membrane filter and dilutedl00) with acetonitrile. This solution (5 puL) was infed

into a Thermo Fisher Scientific Ultimate 3000 lidqwhromatograph (HPLC), which is equipped
with a vacuum degasser, a binary pump, a thernesstattosampler, and a thermostated column
compartment. The chromatographic separation waigedasut on a core shell;gstationary

phase (Poroshell 120 SB-C18, 3.0 x 100 mm, 2.7Agitent, Milan, Italy) eluting a mobile



phase of 0.1% aqueous formic acid (A) and aceian(B). A linear gradient from 5% to 95% B
was set over 20 min, followed by an isocratic etat 95% B for 5 min, and re-equilibration to
the initial conditions for 5 min. The flow rate wamintained at 0.5 mL/min throughout the run.
The chromatographic section is interfaced to adtkakectrospray ionization source (HESI) with
the following settings: capillary temperature, 320 vaporizer temperature, 280;

electrospray voltage, 4.2 kV (positive mode) ar@li3/ (negative mode); sheath gas, 55
arbitrary units; auxiliary gas, 30 arbitrary unig&lens RF level, 45. The analyzer consisted of an
Orbitrap HR mass spectrometer operating in fulhstata-dependent acquisition (FS-dd4/ia
positive and negative mode at a resolving pow&t0gd00 full width at half maximum (FWHM)
@m/z 200. After optimization by direct infusion of axtire (5 pg [*) of the available
cannabinoid standards, the parameters of the @phitrass analyzer were set as follows: scan
range,m/z 150-750; AGC, 3e6; injection time, 100 ms; is@atwindow,m/z 0.7. The collision
energy for the fragmentation of the molecular iaas set at 20 eV. The analyses were

performed using Xcalibur 3.0 software (Thermo Fisbeentific, San Jose, CA, USA).

2.3. Phytocannabinoid database compilation

The database of phytocannabinoids was generataditg Excel in consideration of the
structural variability of the major and minor speidentified to date[20,21,28]. Eleven classes
of cannabinoids were considered: CBG-typ&; THC-type, CBD-type, CBC-type, CBN-type,
A%-THC-type, CBL-type, CBND-type, CBE-type, CBT-typad miscellaneous type[14]. As
regards miscellaneous-type, several species wategllicannabiripsol (CBR)[29], cannabicitran

(CBCT)[30], cannabitetrol (CBTT)[31], cannabifur@BF)[32], dehydrocannabifuran



(DCBF)[32], cannabimovone[33], and cannabichromaf@®#]. All species were inserted both in
the neutral and in the acidic forms. For all listéasses, alkyl-resorcinyl moieties from one to
ten carbon atoms were considered, together withoxytland methyl derivatives. Homologues
of CBG-type compounds with longer prenyl moietiexevalso added to the database[35]. After
generating the combinations, a list 533 cannabiderivatives was obtained and implemented

on Compound Discoverer 3.1 (Thermo Fisher Scietifi

2.4. Data analysis and cannabinoid identification

For both native and decarboxylated sample, rawfdata three experimental replicates and a
blank sample were processed using a workflow desigs follows (Figure S1). The customized
database compiled in section “Phytocannabinoidbdata compilation”, and complete of IDs,
masses and molecular formulas, was implementesss lists feature for the automatic

matching of extractenvz ratios to compounds present in the database. Mergparameters for
predict composition were adapted to the analysghgtfocannabinoids. Thainimum e ement

counts was set at ¢H1s0, while the maximum at4gHsoO10, in order to automatically reject
species possessing molecular formulas which contiderrespond to those of cannabinoids. The
complete set of parameters inserted in the dedicdta analysis workflow is available in Table
S1. Extracted masses from the chromatograms wigreedl and filtered to remove background
compounds present in the blank sample, featuresevimasses were not present in the databases
and those which were not fragmented. Finally, MSAg8ctra of the filtered features were
manually validated to assign the tentative idecdtiion according to the typical fragmentation

pathways of the eleven classes of compounds[2@.nBmenclature of identified cannabinoids



was given according to the literature and has beported inSupplementary Material. Data for
the tentatively identified compounds are summarinefiable S2 with the related confidence
level according to Schymansétial[36]. In particular, level 1 refers to compoundritged by
match of exact mass, MS/MS spectrum and retenitiom () to those of available standards,
level 2a refers to compounds tentatively identitigdnatching MS/MS spectra to the literature
data or online spectral databases, whereas leuef@ts to those tentatively identified by study

of diagnostic fragments in MS/MS spectra but naipsuted by data available in the literature.

3. Resultsand discussion

3.1. Customized wor kflow on Compound Discover er

A®-THC and CBD, along with a few other cannabinofis/e been extensively investigated by
targeted MS for obtaining quantitative results, elhare particularly important in the case of
Cannabis sativa. Based on their relative content, different straihsannabis are in fact
classified as fiber-type or drug-type[12], ofteratletermining its legal status. In this regards,
extraction procedures[37], as well as separatiotmous[38,39], have been widely studied.
However, the more the interest in cannabis hagasad for pharmaceutical and therapeutic
applications, the more the knowledge on hemp playtoabinoid content has grown in recent

years, resulting in the need for a different apphoather than targeted analysis. Whether

comprehensive characterization of strains of caisretle needed, low-abundance compounds are

searched or metabolites of cannabinoids after gstsomare investigated, untargeted analyses

represent the most viable strategy. Untargetedoagpes based on HPLC coupled to HRMS



permit the simultaneous collection of large setdaif of both known and unknown compounds
while forgoing the opportunity to perform quantitatanalysis[40]. Moreover, targeted analyses
furnish extremely rapid and straightforward resulkile data analysis of the gigantic sets of
data collected in untargeted fashion cannot beethaut manually, and dedicated software
programs for the extractions of features from ratadare generally required[41]. Thanks to MS-
based data processing software progranisratios and their associated MS/MS spectra are
extracted and aligned, and diverse adducts derivarg the same compound are grouped, thus
generating a list of features to manually validateording to+, masses and diagnostic product
ions.

Furthermore, with the purpose of streamlining ttenoal validation, data processing programs
grant the access online MS-based databases aaddibfor automatic matches of features to
compound names, structures and, sometimes, recM88dS spectra. Even the most complete
available databases, however, do not possess éxieatigta for structure-related classes of
compounds, such as phytocannabinoids, especiakywttomes to the study of unreported or
unknown species. Moreover, since small moleculesesaand molecular formulas are shared
among many diverse species, broad range datatmséem unsuitable for the profiling of a
specific class of compounds. Therefore, a diffeeguroach for raw data analysis was chosen.
By means of Excel, a database of reported and artegpcannabinoid derivatives was compiled,
according to the structural modifications repoitethe literature[20,21,28]. The ten main
classes of phytocannabinoids possess rather camissttuctures, comprised of an alkyl-
resorcinyl portion bound to a prenyl moiety, wheg®ictural diversity determines the partition

in classes. The typical alkyl chain is made up\ad tarbon atoms, constituting a pentyl-

resorcinyl moiety that is common to all classednpabke case of THC and CBD (Figure 1).
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Figure 1. Structures of the archetypes of the ten main ckagSeannabinoids.

Most cannabinoids possessing unorthodox structaues, as CBR or CBF, are grouped into the
eleventh class under the name of miscellaneousgliypcannabinoids. All compounds exist,
and were therefore listed, in a native acid form e more common neutral form. Despite
being considerably less abundant, several methyhyh butyl and heptyl homologues of THC
or CBD have been recently isolated and charact{6z24—26,42]. With the purpose of
exploring known and unknown alkyl chain analogukesamnabinoids, one to ten carbon atom
chains homologues of all classes, both in neutrdlia acid forms, were inserted. Moreover,
since some hydroxylated derivatives of THC and Gi2De been reported both in plant matrix
and after human assumption[43,44], hydroxyl deiest of all the series of homologues were
generatedO-methylated cannabinoids were also considered gfdsae CBG-type compounds

possessing farnesyl moieties rather than most canprenyl chains were included[28]. Finally



a database of 533 cannabinoid derivatives wasraataand implemented on Compound

Discoverer as a mass list (Figure 2).

R: -CHg; -CoHs; -C3H7; -C4Hg; -CsHyq;

)\ﬁ “ ORs -CeH13; -C7H1s; -CgH47; -CoH1g; -C1oH21
Rs /- :-H; -COOH
:-H; -OH
HO Ri Rg: -H; -CH3
R5: -H; -C5Hg

Figure 2. Structural modifications considered for phytocannaial database compilation.

For cannabinoid software-assisted identificatiodedicated workflow was set up (Figure S1).
Parameters fopredict composition tool were adapted to the compounds present iddtebase,

with the purpose of filtering all compounds possegsnolecular formulas that were

incompatible to those of listed specibkass lists tool executes the automatic matches of features
to compounds present in the database based onesanl molecular formulas, regardless of
the polarity of the mass-spectrometric acquisitiothe adducts generated in the ESI source.
Before the manual validation of putative compoursgseral filters were applied to remove most
false positives, resulting in a drastic decreagb®humber of features (less than 3% of the

original amount) that led to a decisive streaminai MS/MS spectra manual validation.

3.2. Phytocannabinoid identification

To test the potential of the developed methodntheof standard cannabinoids analyzed both in

positive and in negative ion polarity was procegsg@ompound Discoverer, since studies on



cannabinoids have been carried out in either gm@afi6,20]. Our ten available authentic
standards were all correctly identified, howeverization efficiencies present opposite trends.
Neutral species were more efficiently charged isifpee ion mode, while, not unexpectedly,
negative polarity performed better for carboxylaspdcies. Although positive polarity performs
overall better in terms of ionization efficiencyher issues shall be considered when untargeted
analyses are arranged. Several classes of phytlgizods present in fact the same elemental
composition, therefore, MS/MS spectra shall bemjsishable, since m/z ratios cannot permit
any discrimination. In Figure 3, spectra of staddaBD, THC and CBC both in positive and in
negative polarity are shown. MS/MS spectra of tire¢ isomers are rather complicated and
almost indistinguishable in positive mode, implyithgt identification can be achieved only by
matching  if authentic standards are available. Spectrardecbin negative polarity, instead,
are much clearer and discernible, with fragmentstgequentially occurring on the prenyl
moiety 1, F> andF3). CBD (Figure 3a) presents high abundalRcén'z 245.1544) and; (m/z
179.1069) product ions and an intense peaWza811.2017 (loss of ¥), while THC (Figure 3b)
presents a rather scarce fragmentation thanks toate stable structure. Finally, CBC (Figure
3c) produces a peculi&s ion (m/z 243.1392) due to the diverse cyclization of thengt moiety
and an intensgé2 ion (Mm/z 191.1070). Since fragmentation pathways of camuithé involve
mainly the prenyl moiety, the identification of cebinoids possessing modification of the
alkyl-resorcinyl section is straightforward[20,26]4Based on these considerations, negative
polarity was considered the best choice for untadyeentification of phytocannabinoids based

on the well-known fragmentation pathways[20].
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Figure 3. MS/MS spectra of standard CBR), THC (b) and CBC(c) in positive and negative

polarity. Diagnostic fragments for cannabinoid itiération in negative polarity are marked as

F]_, F2 andF3.

By studying the product ions deriving from premgdmentation, a large number of alkyl

homologues of the various classes of phytocannabimas eventually identified. Their

validation was supported by, which gradually increases for compounds belongintpe same

class along with the elongation of the alkyl chaiks regard\®>-THC-type species, these

compounds usually elute at longgtiian the more commak’-THC-type isomers[20,21]. Due

to the typical fragmentation pathways of THC-typenpounds, the two isomers present the



same fragmentation spectrum[20]. Therefore, ideatiTHC-type compounds were not labeled;
however, since there are no peaks possessingrtienga and MS/MS spectrum at longer r
than supposedly high-abundanceTHC-type compounds, it is legitimate to assume ioa\®-
THC-type compounds were identified in FM-2 cannabis

Compound 37 was identified as demethylated devigaif CBDA, since it presented the same
Fi1, F» andF3 as regular CBDA, the demethylation could have oetlat positiory as a result

of microbial oxidation[46]. Compounds 46 and 47 éndeen identified as hydroxylated
derivatives of CBD; also in these cases, the thram fragments corresponded to those of CBD
and ions deriving from the loss of @Bland CHO could indicate the presence of a primary
alcohol. Similarly, compound 88 was identified gsltoxyl THC and compound 99 as hydroxyl
CBC. Moreover, several hydroxyl derivatives of CBMre identified. CBN, whose
aromatization of the prenyl moiety causes fragntetaf the resorcinyl section, produces a
typical fragment at/z 171.0815 after previous loss of two methyl gro(ip& 279.1930);
hydroxylated derivatives generate, instead, anogioais fragment atyz 187.0765, which
indicates hydroxylation on the aromatized prenyletyo Compound 108 presents peaks
compatible with a homologue of CBDA with an extrid£considering the presence ofFg&CHj;
ion at m/z 178.0991 and the much highecompared to the series of CBD-type, it was
identified asO-methyl CBDA. Compound 56 was identified as canfuabnic acid (CBFA) by
comparison with its isomer CBNA; while the latterdergoes loss of two methyl groups (30 Da),
CBFA loses the isopropyl moiety (42 Da) before gatieg the fragment atvz 171.0815.
Compound 73 was identified as dehydrocannabifuracigd (DCBFA) with the same logic.
Finally, CBR-type cannabinoids, which are dihydratgd derivatives of THC-type species,

present two sequential water losses while sharagnientd=, andF;with THC[23].



3.3. FM 2 cannabinoid composition

By means of Compound Discoverer, 121 cannabino&te tentatively identified in the Italian
FM-2 medicinal cannabis variety, which to our knegde, is the highest ever reported for a
single and simultaneous analysis of cannabis geinact. In terms of number of identifications,
CBE- and CBT-type phytocannabinoids were the mosterous, with 28 and 23 identified
compounds respectively, ahead of CBD-, CBN- and fiy{se, with 14, 14, and 12
identifications, respectively. Those large numbrergartly explained by the different
stereoisomers that derive from hydration of dodtaleds. Moreover, such more hydroxylated
compounds were believed to be more efficientlyzediby the ESI source in negative polarity.
As expected, in terms of peak areas, the most amirisgpecies in native samples were CBDA
and THCA, although several non-enzymatic derivatigeich as CBEA, CBTA and CBRA,
present significant abundances. In Figure S2, arsmof the total areas per class of
cannabinoids is shown. Obviously, since ionizagéitiency probably depends on the number
of free hydroxyl groups in negative polarity, peakas cannot be directly associated to real
concentrations for different classes of cannabmofanong the 10 classes, CBD-type
cannabinoids were by far the most abundant within&@% of the total area, followed by CBE-
, CBT- and THC-type species with 14%, 12% and &pectively. On the other hand, CBL-
and CBND-type cannabinoids were present in minantjties. It is worth mentioning that about
36% of the total peak area is represented by spadiech are not native metabolites of cannabis,
but are produced by non-enzymatic reactions malnting harvest and storage[1]. Several

cannabinoids presenting non-pentyl alkyl chainsevigentified, e.g. an ethyl homologue of



THCA, a cannabinoid presenting a two carbon alkgic which was never reported before.
Compound 83, in fact, presemiéz and product ions which differ from those of THCO®
14.0157, which is unequivocally due to an extraCFince all major product ions present the
same difference, the extra methylene must be oalky&resorcinyl moiety. Moreover, due to

its rr (18.21 min) being between those of THCOA (17.5h)rand THCVA (19.02 min), the
methylene was believed to be on the alkyl chainenathan ait©-methylation, which would have
resulted in a much greater contribution in termblyafrophobicity. Therefore, compound 83 was
tentatively identified as THC(C2)A, the ethyl hormgue of THCA. With the same logic, hexyl
homologues of THCA, CBGA and CBCA were identified the first time in cannabis extract.
Considering a recent study on heptyl chain homatsgaf THC and CBD, which were found
more bioactive than the regular pentyl compoundsip@se longer alkyl chain homologues
could be of great pharmacological interest. Furtitee, several alkyl homologues of less
studied classes of cannabinoids were identifiedHerfirst time, like heptyl analogues of CBGA,
CBCA and CBNA and butyl analogues of CBEA. Withpest of previous reported results,
several isomers of CBD-like, CBE-like and CBT-léempounds have been reported, presenting
the same fragmentation patterns. Therefore, faeinghly hydroxylated compounds, those
isomers could be stereoisomer rather than posltisomers, which would have resulted in
dissimilar MS/MS spectra. As a matter of fact, ldmgest number of unorthodox homologues
were those possessing different alkyl chains, wieike hydroxylated an®-methylated

compounds were identified.

4. Conclusions



Phytocomplex analysis of extracts is of great $iggunce for the broad range of potential
applications ofCannabis sativa. However, few papers have dealt with the untacgete
identification of phytocannabinoids so far, sincenmal validation of a large number of features
is required. The paper describes the developmeatata processing workflow by means of
Compound Discoverer software for the comprehenigigetification of phytocannabinoids.
Untargeted analysis was performed in negative figlavhose resulting MS/MS spectra allow
distinguishing the various isomeric compounds, whsIpositive polarity, although better in
terms of ionization efficiency, was found inapptiape for this purpose. The proposed analytical
workflow is based on a customized database of glytieabinoid derivatives of the main eleven
classes and allows automatic match of featureadisted compounds, resulting in a drastic
streamlining of the manual validation. Thanks te thster and easier manual validation of the
filtered features, together with the aforementiodathbase, a simultaneous identification of a
broad range of major and minor cannabinoids wagwaet. This method appears promising for
the identification of novel bioactive compoundsifrguch rich matrix, as well as comparative
studies of different samples, for a better undediteg of the most bioactive strains@énnabis

sativa or the finest pedoclimatic conditions for its cation.
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Highlights

= A dedicated data analysis method was set up on Compound Discoverer for
cannabinoid identification

= A customized database of 533 cannabinoid derivatives was compiled

= Negative ion mode must be operated for distinguishing cannabinoid isomers

= 121 phytocannabinoids were simultaneously identified in FM-2 medicinal cannabis

= Untargeted approaches allow deeper knowledge on cannabinoid composition
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