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ABSTRACT

MALDI-MS/MS and LC-MS analyses were used for the investigation of
flavonoid diglycosides in Mentha piperita. With eriocitrin, hesperidin,
Iuteolin 7-o-rutinoside and diosmin identified in the butanolic extract in
agreement with literature results, linarin was detected in peppermint for the
first timeinthiswork. The unambiguousdly identification of this compound
was based on exact mass measurement, tandem mass spectrometry experi-
ments and retention time data from LC analysis in comparison with its
isomer fortunellin. Based on the use of available standards, |ow concentra-
tions (mg g?) of flavonoid glycosidesin the dry butanolic extract are mea-
sured: diosmin, 2.2 %, hesperidin, 0.5 % and linarin, 0.01 %. Thelow relative
amount of linarin could maybe explain why this compound was hitherto
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not detected in peppermint.

INTRODUCTION

Havonoidsrepresent alarge group of natural com-
poundswith animpressivevariety of biologicd activi-
ties, such asantioxidant', anti-inflammeatory!, antidler-
gicd, antiplasmodial™, anti-cancer™, antimicrobial(®,
antifungal”, and neuroprotective’® properties.

Many biologica propertiesof Mentha piperita ex-
tractsareattributed to flavonoids. For instance, Sroka
et al¥ reported that the strong antiradical and anti H,O,
activity of Mentha piperita from Poland are dueto
flavonoid diglycosides. Inoue et all*¥ showed that
|uteolin-7-o-rutinosideisresponsibleof theantidlergic
effect of Mentha piperita. From previous studies, it
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was demonstrated that the vast mgjority of flavonoids
identified in polar extracts of peppermint (Mentha
piperita) arediglycos deflavanones, such aseriocitrin,
hesperidinand narirutin, and diglycosideflavones, such
aslutedlin-7-o-rutinoside, isorhoifilinand diosmin (Fig-
ure 1)1 Asexemplified in Figure 1, these six fla-
vonoid congenersare congtituted by a1-6 diglycoside
moi ety and then bel ong to therutinosefamily. Onthe
other hand, flavonoid diglycosides can aso present a
neohesperidos deformwithal-2 diglucos desequence.

Amongal theanayticad methodsavailablefor natu-
ral productsanalysis, mass spectrometry isnow con-
sidered astheideal tool givenitsintrinsic properties
that aresengtivity, high resolution and specificity. Nowa
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days, mass spectrometry offersalarge pand of meth-
odologiesfor the accurate mass measurementsand the
in-deep structura characterization of unknown mol-
ecules. In particular, tandem mass spectrometry (MY
MYS) representsapowerful tool for structural charac-
terization of ions (and molecules), andismainly associ-
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ated with theredlization of collison-induced dissocia
tion (CID) experiments*Y. UsingtheMS/M S proce-
dure, flavonoids structural €l ucidationsare nowadays
well-defined 12131301,

Theam of the present study istoidentify flavonoid
diglycosides present in Mentha piperitafrom Burkina
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Figurel: Sructureof flavanone and flavonediglycosidesprevioudy identified in Mentha piperita

Faso by usng MALDI-MSMS (Matrix-assisted La-
ser Desorption/ioni zation Mass Spectrometry) and LC-
MS (Liquid Chromatography Mass Spectrometry).

EXPERIMENTAL

Chemicalsand plant material

Diosmin, hesperidin and eriocitrin (> 95%) were
purchased from Sigma-Aldrich (Paris, France). Linarin
andfortundlinwereobta ned from Extrasynthese (Lyon,
France). HPL C gradeacetonitrile, methanol, formicacid
and deionized water were used.

Theaeria part of fresh peppermint was collected
in2010 March 26" in Ouagadougou (BurkinaFaso) at
the following GPS data: N 12°23°35, 8"; W
001°32°31,3".

Preparation of standar dsand calibration solutions

1 mg of each standard wasfirstly dissolvedin 100
uL of dimethylsufoxide (DMSO) and then completed
with 900 uL of CH,CN/H,O (50/50) acidified with for-
mic acid (1%) to prepare stock solutionsof 1 mgmL 2.,

For the establishment of thecdlibration curves, the
stock solutionsweredissolved with the same mixture
of solvent (CH,CN/H,O/formic acid) to obtain solu-
tions presenting concentrationsin therange of 5to 20
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ug mL* for eriocitrin, 2.5t0 10 pg mL*for diosminand
hesperidin, and 0.1to0 0.5 pg mL™ for linarin. Thelin-
earity of thecdibration curvesover thedetermined con-
centration rangewas checked for all the compounds.

Prepar ation of theextract

Theplant materid waswashed with distilled water
and then air dried at room temperature (72 hours) and
powdered (Szed” 1 mm). The powdered material (100
g) was extracted by refluxinginwater (1L, 3 hours).
Thefiltratewas collected and filtered (Whattman N°1).
Thefiltratewasthen concentrated with arotary evapo-
rator to reach afinal volume at about 500 mL. This
solution wasthen extracted with hexane (3x 300 mL).
Theresulting water |ayer was extracted successively
with chloroform (3 x 300 mL) and n-butanol (3 x 300
mL). The n-butanolic extract was evaporated to dry-
ness (3 gof dry extract were obtained). For LC anay-
sis, 1 mg of the butanolic dried extract (BE) was pre-
pared inthe same conditions astheflavonoid standards.

Instrumentation

All mass spectrometry experimentswere performed
on aWaters QToF Premier mass spectrometer in posi-
tive ion mode, either using the MALDI or the
Electrospray ionization (ES]) sources.

The MALDI sourcewas constituted by anitrogen
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|aser, operating at 337 nm with amaximum output of
500 mW delivered to thesamplein 4 nspulsesat 20
Hz repeating rate. All sampleswere prepared using a
20 mgmL* solution of 2, 5- dihydroxybenzoicacidin
acetone asthematrix. The matrix solution (1 uL) was
spotted onto astainless stedl target and air dried. Then,
1 uL of each butanolic extract was applied onto the
spots of matrix crystals, and air dried. Finally, 1 uL
dropletsof asolution of Nal (2mgmL-inacetonitrile)
was added to the spotson thetarget plate.

Typicd ESI conditionswere: capillary voltage, 3.1
kV; conevoltage, 15V; MCPvoltage 2300 V; source
temperature, 100°C; desolvation temperature, 300°C.
Dry nitrogen was used asthe ESI gas. For the record-
ing of thesingle-stage MALDI-MSor ESI/M S spec-
tra, the quadrupole (rf-only mode) was set to passions
between m/z 100 and 1000, and all ions were trans-
mitted into the pusher region of thetime-of-flight ana-
lyzer wherethey were mass-analyzed withal sinte-
grationtime,

For the CID experiments, theionsof interest were
mass-sel ected by the quadrupol e massfilter. The se-
lected ionswerethen submitted to collisonagainst ar-
gonintheT-wave collision cell (pressure estimated at
10 mbar) and thelaboratory framekinetic energy was
selected to afford intense enough production signdls.
All theionsexitingthe collision cell, either the product
ionsor the non-dissociated precursor ions, werefinaly
mass measured with orthogonal accel eration time-of -
flight (oa-ToF) anayzer. Time-of-flight massanaysis
was performed inthereflectron modeat aresol ution of
about 10,000.

For the on-line LC-M S analyses, aWatersAlli-
ance 2695 liquid chromatography apparatuswas used.
TheLC devicewascoupled to theWaters QToF Pre-
mier mass spectrometer (ESI mode) and consisted of a
vacuum degasser, a quaternary pump and an
autosampler. Samplevolumesof 20 ulL were injected.
Chromatographic separation was performed onanon
polar column (Symmetry © C ., 4.6x 75 mm, 3.5 um
column, Waters) at 30 °C. The mobile phase (1 mL
min) was anon linear gradient programmed from
methanol (duentA) andwater (eluent B). The selected
gradient was. 95% of eluent A at start, 0—15 min 95 to
40 % A and 15-18 min back to 95% eluent A. The
mobilephaseflow (1 mL min) wassplit prior injection
inthe Electrospray ionization source (200 uL min™).

—=> [ul| Paper

Datawere processed using MassLynx version 4.1 soft-
ware (Micromass, Manchester, UK).

For the quantitativestudiesin LC-M Sexperiments,
the mass-to-chargeratios of theions corresponding to
theprotonated [M+H]* and the sodiated [M+Na]* fla-
vonoidswereextracted fromthetotd ion current (TIC)
chromatogram with amass error of 0.01 Da. These
measurementswererealized on standard sol utions of
known concentrations (cdibration) and on the solutions
prepared from the dry extract. The area of both the
[M+H]* and [M+Na]* extracted signals were then
summed and used for the quantitative study.

RESULTSAND DISCUSSION

MALDI-MSanalysisfor flavonoids screening

MALDI-ToF was demonstrated at several occa-
sionsto represent an efficient tool for aninitial screen-
ing of natura moleculesfrom crudeextracts*. Indeed,
when compared to dectrospray ioni zation, theMALDI
ionization processesareless sensitiveto thequality of
theextractsand, in particular, MALDI isredly tolerant
to (i) the presence of saltsand (ii) the coexistence of
numerous molecules®. Indeed, at variance with
el ectrospray ionization, the production of ionsunder
MALDI isnot limited by themaximum ion current phe-
nomend*®. Therefore, MALDI-ToF analysiswasini-
tially performed for the rapid screening of flavonoid
compoundsin the peppermint butanolic extract (BE).
Upon MALDI ionizationinthe positiveion mode, the
production of gas phase ions corresponding to fla-
vonoidsarisesfrom two competitive processes. (i) pro-
tonation and (ii) sodiumion attachment. Thesetwo pro-
cessesrespectively generate protonated [M+H]*and
sodiated [M+Na]+ molecul es. Based on flavonoid gly-
cosidesin peppermint, reportedinliterature (Figure 1),
aputativeidentification of flavonoid diglycoside com-
poundswasdoneby measuring themass-to-chargeratio
of thedetectedions(Figure2). Indeed, ontheMALDI-
ToF mass spectrum of the peppermint BE, using 2,5-
dihydroxybenzoic acid (2,5)-DHB as matrix, the pres-
enceof ionsfrom at least six flavonoid diglycosides
could then be envisaged.

Ascan be seen on Figure 2, the presence of ions
relativetoisorhaifilin, luteolin-7-o-rutinosde, eriocitrin,
hesperidin, diosmin and an additional flavonoid
diglycoside (linarin see below) at m/z593 can been-
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visaged. Definitiveidentification of theflavonoidswas  protonated [M+H]* and sodiated [M+Na]* by MALDI-
obtained by further examining the CID spectraof the MSMSandyss.
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Figure2: Full-scan (+) MAL DI-ToF massspectrum analysisof thebutanolic extract (BE) of pepper mint

MALDI-MS/MS analysis

CID spectrafor the available standardsand litera-
ture datd 58 were used to confirm the structure of the
observedions, see TABLE 1. Usudly, thedominant frag-
mentation of protonated flavonoid diglycosidesconsists
inthelossof 308 uthatisassgnedtothelossof the(full)
rhamnoglucoside moiety. Thisformal |oss of neutral
rhamnoglucosidewas a so demonstrated to arisefrom
aninitid lossof rhamnose (146 u) followed by theloss
of theglucoseresidue (162 u), see Figure 39, At vari-
ancewith flavone-based molecul es, an additional frag-
mentation isobserved with protonated flavanonesand
consstsinacharge-driven decompostion leadingtothe
lossof theinner glucoseresidueand eventudly followed
by theloss of thetermina rhamnose. Such acomplex
rearrangement was correl ated to thefavorablemigra:
tion of the proton from the oxygen atom of thecarbonyl
group of theflavanonering tothetermina rhamnose*”.
Interestingly, such arearrangement isnot observed when
protonated flavones are subjected to CID experiment
given theexpected stronger proton affinity at the oxy-
gen atom of the carbonyl group. Indeed, it isproposed
that the presence of the C=C bond between C2 and C3
intheflavonering will generate, by resonance, astron-
ger negative chargeon the oxygen atom of the carbonyl
group. Maet al. showed by theoretical calculation of
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proton affinity (PA) that flavones present stronger pro-
toneffinitiesthanflavanones?®. Ontheother hand, when
subjected to CID, sodiated flavonoid rhamnoglucosides
do not expel theinner glucosg, illustrating the require-
ment of the proton (migration) toinducetherearrange-
ment. However, in the CID spectra of both sodiated
flavanonesand flavones, in addition to the saccharide
loss, the aglycone moi ety can a so be competitively ex-
pelled from the decomposing ionsyielding sodiated
dissacharide as the CID products at m/z 331. Addi-
tiona fragmentsinvolvingthe B-ring (Figure 1) were
observed specificdly for sodiated flavanones. All those
considerationsaregatheredin TABLE 1 and wereused
to confirm theidentification of eriocitrin, hesperidin,
luteolin-7-o-rutinos de, diosminand isorhoifolin. Unex-
pectedly, narirutin (figure 1) was previoudy mentioned
in peppermint but wasnot identified inthisstudy. Many
factorslikeclimateand soil inducethegreat quditative
and quantitativevariety of flavonoidsin plantg?-?.
Interestingly, fromthe M ALDI massspectrum (Fig-
ure2) and from TABLE 2, thebranching ratio between
the[M+H]* andthe[M+Na]* ionsfor agivenflavonoid
diglycoside seemsto be highly dependent onthe pres-
ence of the C=C double bond between C2 and C3in
theflavanone/flavonering, see Figure 1. During the
MALDI (alsoobservedin ES]) process, thehigher elec-
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TABLE 1: M S/M Sof flavonoid diglycosideionsdetected in M AL DI Full-scan (+) of the butanolicextract of pepper mint

Protonated M SM S data (m/2)

Sodiated M S/M S data (m/2)

I dentified Compounds

(M+H) (-R) Y* (D) (M+Na) (R) (-B) (D) (D+Na)
Eriocitrin 597 451 435 289 619 473 483 311 331
Hesperidin 611 465 449 303 633 487 483 325 331
Luteolin 7-o-rutinoside 595 449 x 287 617 471 x 309 331
Diosmin 609 463 x 301 631 485 x 323 331
Isorhoifolin 579 433 x 271 601 455 x 293 331
Linarin or fortunellin 593 447 x 285 615 469 x 307 331

Y*: loss of inner glucose by charge-induced rearrangement; (-R): loss of rhamnose; (-D): loss of diglycoside; (M+H): pseudo-
molecular ion; x: absence; (-B): loss of B-ring; (M+Na*): sodiated ion

tron density onthebasic Siteof themoleculewill favor
the protonation for the flavone-constituted molecul es.
Asfor anexample, hesperidinismainly observed asa
sodium cationized species a M/z 633 (protonated mol -
eculeat m/z611) whereasdiosminisclearly detected
asaprotonated moleculeat m/z609. Sodium cationized
diosminisalso observed at myz 631 but the protona-
tionis clearly acompetitive processfor the flavone
molecule.

Asfar asthe m/z 593 cations are concerned, an
accurate mass of m/z593.1870 wasobtained andisin
really close agreement with aC28H33014 composi-
tion (theoreticd massm/z 593.1873+ 0.5 ppm). Based
on the identification of different flavonoid 7-O-
diglycosidesin Mentha piperita, thepresenceof linarin
or fortunellin could be envisaged upon CID experi-

mentg®19. On thebasis of the CID spectrum of them/
z 593 ions, the presence of a protonated flavone
rhamnoglucos dewas confirmed since, upon collisona
activation, only consecutivelossesof rhamnoseand glu-
cose were observed, as proposed in Figure 3. How-
ever, a thispoint of thework, it isnot possibleto make
aclear-cutidentification of thecorrespondingionssince
both protonated linarin and fortunellin present the same
decompositionsupon CID experiments.

Neverthdess, itisaready important to remind that,
differently with the five other observed flavonoids
(eriocitrin, hesperidin, luteolin-7-o-rutinoside, diosmin
andisorhoifolin), linarin or fortunellin werenever ob-
served in peppermint extract °1%, Therefore, we de-
cidedtotry to characterizethe corresponding molecules
by using LC-M S experiments.

TABLE 2: Comparison of ggnal intengtiesfor the[M +H]*and [M +Na]* ionsof flavanonescompared toflavonesobtained in

MALDI process
Flavanones Flavones
Flavonoids eriocitrin hesperidin luteolin-7-o-rutinoside diosmin isorhoifolin linarin
s 7 pmeneg” 0.35 0.20 1.02 113 1.03 3.01

LC-MSanalysis

To confirm by chromatographic method the pres-
enceof thedifferent flavonoidsprevioudy identified by
MALDI-MS/MSanaysesand totry to assign the ex-
act structure of themy/z593 ions, LC-M S methodol -
ogy wasused. When possible, flavonoid retention times
in extracted ion chromatogram were compared with
those of availablereference compounds, i.e. hesperi-
din, diosminand eriocitrin. Theretentiontimesof fla-
vonoidsfromthe BE arethen summarizedin TABLE 3.
LC-M Swasthen used to measuretheretention times
(RT) of thetwo standards: linarinand fortundlin. The
RT’s were measured at respectively 15.43 and 15.58

min, seeFigure4. The experimenta valuedefining the
retention time corresponding to the n/z593 ion was
measured from the BE at 15.44 min. Wethen propose
that linarin was extracted by n-butanol from pepper-
mint together with other flavonoids.

Quantitativeanalysis

Experiment quantification wascarried out by the
externa standard methodinaLC andysis. Dueto the
unavailability of standards, luteolin-7-o-rutinosdeand
isorhoifolinwerenot cons dered for thequantitative part
of thework. For each studied compound, thetota peak
areavalue correspondsto the sum of the peak areas of
the protonated and the sodium cationized mol ecul es,

———————, Natural Products
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Figure4: LC-M Sanalysisof thebutanolic extract of Men-
tha piperita and comparison with r efer ence compounds: m/z
595 extracted ion chromatogramsfor (a) linarin; (b) flavone
rhamnoglucosidein BE and (c) fortunellin

after extraction of the correspondingion currentsfrom
thetotal ion current chromatogram. The studied com-
pounds were diluted in order to fix them in adeter-
mined calibration range.

Theresultsexpressedinmg anayteg? of BE (n=
3; value=X + SD) were 22.5 mg g* of diosmin, 5.7
mg g of hesperidinand 0.1 mg g*of linarinin BE of
Mentha piperita. Except diosmin, thesevalueswere
relatively lower than those reported by Srokaet al®.
TheLC-MSdataaresummarized inTABLE 2. Asad-
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ditional information, one can note that adirect com-
parison between the peak intensitiesinthe MALDI-
ToF spectrum of Figure 2 and the quantitative data
obtained upon LC-M Sand gathered in TABLE 2 can-
not berelevant. Indeed, although MALDI represents
an efficient tool for afast screening of the molecules
contained inthe extract, thisanalytica method iswell-
known to be hardly used to generate quantitative data.
Thequantification of thedifferent flavonoids, isdefini-
tively not efficient for different reasonsas: (i) itisnot
straight forward to obtain homogeneous solid samples
on thetarget plate by the dry-droplet method, (ii) the
desorption/ionization efficienciesareexpected to berea
sonably inthesameorder of magnitudefor thedifferent
compoundsbut dight differencesare expected between
thedifferent congenersof flavonoidsand (iii) the ex-

TABLE 3 : LC-MS data for the flavonoid diglycosides
identified in BE of pepper mint from Burkina Faso

Identified Retention time Content (mg g*
Compound (min) of BE)

Eriocitrin (1) 10.88 375+ 1.5
Hesperidin (2) 12.53 5.7+0.13
Luteolin 7-O-

rutinoside (4) 12.00 ]
Diosmin (5) 13.29 22.5+0.05
isorhoifalin (6) 12.97 -
Linarin (7) 15.43 0.1+ 0.00

(-): not quantified

A Tudéan Journal
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traction method used for the present study is not effi-
cient enough to generate pure mixture of flavonoids.
Thislast point made the MALDI spectrum noisy as
readily observed from Figure 2 and then no reliable
quantitative datacan be derived from such aspectrum.

CONCLUSIONS

Thispresent paper illustrates the efficient use of
MALDI-MSMSand LC-MStoidentify and quantify
different flavonoid diglycos desin peppermint butanolic
extract. Amongst flavonoid diglycosides expected in
peppermint, only narirutinwasnot detected. Moreover,
andfor thefirst time, linarin was observed in pepper-
mint butanolicextract inrelaivel ow concentration. The
low rdativeamount of linarin (0.1 mg g*) could maybe
explain why this compound was up till now not de-
tected in peppermint.
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