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ABSTRACT

The use of phytochemical preparations has shown a massive growth and
consequently therelated quality control isanimportant topic. Considering
the possible interactions of the active molecules, arising to synergic phe-
nomena, the use of the classical approach, based on the evaluation of the
level of one or more active compounds can be limitative. Recently amethod,
based on the direct infusion of commercial botanical dietary supplements
in an ES| source operating in positive and negative ion modes has been
proposed. The results so obtained were highly promising, allowing the
presence of specific plant extracts in commercia products to be deter-
mined. In order to evaluate its validity, the data so obtained have been
compared with those achievable by amore consolidated technique, asL C-
MSis. For this aim Sedivitax gocce (a commercial product composed by
extracts of Passiflora incarnata, Eschscholtzia californica, Melissa
officinalisand Valeriana officinalis) has been considered. Either the plant
extracts or Sedivitax samples produced in different years have been ana
lyzed by ES| (+) with direct infusion and LC-MS. The data obtained were
elaborated with different statistical methods. The results suggest that mass
spectrometry linked to statistical methods can be a quick method to assess
the overall stability of a botanical dietary supplement, and can be pro-
posed as a promising perspective in quality control.
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In the past decade the use of phytochemical
preparations has shown a massive growth and
consequently therelated quality control isanimportant
topic. But thisissurely not an easy task. Infact, whilein
asyntheticdrug it isenoughto verify thelevel of the

described impuritiesand of ageing-derived productsof
the active compound, for anatura extract thisapproach
cannot befollowed, dueto thefact that it is usually
composed of thousandsof different compounds, witha
dynamic range in the order of 10®. The classica
approach for aphytochemical preparationisbased on
theevaluation of thelevel of oneor more compounds,
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retained responsiblefor the biological activity of the
extract. Thisagpproach can be sometimeslimitativeand
different analytical approachesarerequired, ableto
describethe phyto-metabolome, i.e. integrated relevant
biomarkersinthe phytochemical system.

Some years ago we proposed amethod based on
thedirect infusion of plant extracts¥ in an ESI source
operatingin positive and negativeion modes. By this
approach and by multivariate Satistica andysesof the
mass spectra so obtained, it was shown that
characteristic fingerprinting of thedifferent speciescan
be obtained. The same approach was employed by
different research groups?®, confirmingitsvadidity. In
a more recent paper, we applied it for the
characterization not of plant extracts, but of commercid
botanica dietary supplements, congtituted by mixtures
of different plant extracts, and alsointhat case specific
metabolic profileswere obtained®.

However, it must be emphasized that by direct
infusion of complex mixtures somedisadvantagescan
be present. Infact, dueto the ESl conditionsemployed
for the analysis, only partial views of the different
components can be put in evidence. In the case of
positive ion analysis, the production of protonated
molecul es of themost basi c compoundsis privileged,
together with the desolvation of the species aready
present in cationic formin the solution. Inthe case of
negativeion analysis, the production of deprotonated
anions of the most acidic compoundsisfavoured. In
both cases suppression effects can take place.

Toevauateitsvaidity, inthe present investigation
we comparethe data obtained with this method with
those achieved by amore consolidated technique, as
LC-MSis, for acommercia standardized product
Sedivitax gocce[in which four different plant extracts

(Passiflora incarnata, Eschscholtzia californica,
Melissa officinalis, Valeriana officinalis) are present
in awide concentration range]. Furthermorethedata
obtained were used to eva uate thevaidity of thedirect
infusion approach to investigate by statistical methods
on possibleinter-batches differencesand changeson
metabolic profilesdueto ageing.

Addedugter andyssand PCA andysis”, adifferent
approach hasbeen tested; it isbased onthecalculation
of the discrepancy factor'® between the ESI spectraof
different samplesunder investigation, in order to have
anindex, i.e.anumericd vaue, related tothesimilarity
of the ESI full scan mass spectra

MATERIALSAND METHODS

Samples

Thefreeze-dried extract of Passifloraincarnata
(P), Eschscholtzia californica (E), Melissa
officinalis (M), and Valeriana officinalis (V) were
provided by AbocaS.p.A. (Sansepolcro, Italy) and
were produced according to the extraction procedure
described as follows. The dried and ground plant
materials of each specieswere extracted at the same
temperature (50°C) by one or two steps. Depending
on the characteristics of the natural samples, the
extraction was performed with different percentages
of ethanol/water and sample/solvent ratios. After 6-
12 h, the ethanol/water samplemixturesweredropped
for one hour and filtered to remove the exhausted
material and the corresponding extracts were
concentrated under vacuum to evaporate ethanol. The
obtained water extracts underwent to freeze-drying
for 72 hours and the resulting freeze-dried extracts
werestored at 4 °C until analysis (see TABLE 1).

TABLE 1: Extraction procedures.

Plant scientific name Extraction solvent Sample/solvent ratio  Temperature  Time of extraction
. . 1°step:EtOH 40° 5 1°step: 4 h
Passiflora incarnata 2step:ELOH 70° 1/10 50°C 2step: 6-8 h
Eschscholtzia californica 1°step:EtOH 70° 1/10 50°C 6/8 h
Melissa officinalis 1°step:EtOH 70° /13 50°C 6/8 h
Valeriana officinalis 1°step:EtOH 70° 1/10 50°C 12h

0.5gof thefreeze-dried samplesof B E, M, and V
weresuspended in 12.5 mL of water:ethanol (30:70).
The suspension wasleft in ultrasonic bath for 22 min-
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utesand centrifuged for 5 minutesat 13000 rpm. The
supernatant was collected and the precipitate resus-
pendedin12.5 mL of water:ethanol (30:70), sonicated

A Tudéan Journal



NPAIJ, 8(4) 2012

Pietro Traldi et al.

131

and centrifuged. The supernatant so obtained wasadded
to that previoudly obtained. For Passifloraincarnata
the same procedure was applied but in thefirst step
water:ethanol (60:40) wasemployed, whileinthe sec-
ond step water:ethanol (30:70) was used. The solu-
tions so obtained for thefour drugs (P, E, M, V) were
employed for the determination of their metabolic pro-
fileseither by LC-ESI(+)-MS or by direct infusion ESI
(£)-MS. Furthermore they were used to prepare an
extemporaneous sample(S) of Sedivitax, withthesame
relative concentrations of drug extracts presentinthe
commercialy availablesamples(seeTABLE 2).

TABLE 2: Percentagein weight of plant extractspresentin
Sedivitax

Abbreviation % in
used Sample name Sedivitax
93.93%
(86.73% of
P alcoholic
P Passiflora incarnata extracts and
7.2% of P
freeze dried
extract)
E Eschscholtzia californica 0.92 %
M Melissa officinalis 1.6%
\Y Valeriana officinalis 3.3%

All Sedivitax samplesunder investigation were pro-
duced by Aboca S.p.A. (Sansepolcro, Italy). Five
samplesfrom different batches of the sameyear of pro-
duction (2008) (samples 1-5) and further 15 samples
from different batches of different yearsof production
(2010: 6,7; 2009: 8-10; 2007: 11-15; 2006: 16-20)
were considered.

LC-ESI-MS

The LC-ESI-M S measurements of samplesP, E,
M, V, S and 6 were carried out by an Agilent 1100
SeriesLC/MSD ion trap mass spectrometer (Agilent
TechnologiesINC., SantaClara, CA). Thecolumnused
wasaRP Prodigy 250 x 4.6 mm 5 um (Phenomenex,
Castel Maggiore, Bologna, Italy). The elution was
performed by H,O with 0.1% HCOOH (solvent A)
and MeOH (solvent B). The gradient program used
was. 0 min90%A, 35 min 50%A and 75 min 5%A.
Theflow ratewas0.5mL min™.

ESl sourcewasoperatingin both positiveand nege-
tiveion modewith anebulizer gaspressureof 30ps, a

—=> [y|| Paper

dry gasflow of 8 L min and adry gastemperature of
350°C; in the positive ion mode the capillary voltage
was -4500 V, while in the negative ion mode it was
3000 V.

All thesampleswerefiltered and diluted withH,O
with 0.1% HCOOH/MeOH (50:50, v:v) before the
andysis. Pwasdiluted 1:100 for pogitiveion detection
and asit wasfor negativeion detection. M and V were
diluted 1:10for both positiveand negetiveion detection.
E wasdiluted 1:10 for positiveion detection and asit
wasfor negativeion detection. Sand 6 were diluted
1:100for positiveion detection and 1:10 for negative
iondetection. 5 uL of the diluted samples were injected.

Direct infusion ESI (+)-MS

The solutionsof thesamplesP, E, M, V, Sand 1-
20 weredirectly infused inthe ESI sourceof anAgilent
1100 SeriesLC/MSD iontrap at 11 uL mint with a
nebulizer gas pressure of 15 psi for the negativeion
modeand 13 psi for thepositiveion mode. Thedry gas
flow and the entrance capillary temperaturewere5 L
mint and 325°C respectively for both ion modes. In
the positiveion modethe capillary voltage was-4500
V, whileinthe negativeion modeit was3000V.

Pwasdiluted 1:10000 for positiveion detection
and as 1:100 for negativeion detectionwith H,O with
0.1% HCOOH/MeOH (50:50, v:v). M and V were
diluted 1:1000 for both positive and negative ion
detection with H,O with 0.1% HCOOH/MeOH
(50:50, v:v). Ewasdiluted 1: 1000 for positiveion
detection and 1:100 for negetiveion detectionwith H,O
with 0.1% HCOOH/MeOH (50:50, v:v). Thesamples
1-20and Sweresimply diluted 1:10000 with H,Owith
0.1%HCOOH/MeOH (50:50, v:v).

In order to obtain accurate mass measurementson
theionsdetected withthe LC/M SD instrument, thesame
solutions of thesamplesP, E, M, V, Sand 1-20 were
directly infused inthe ESI source of an LTQ Orbitrap
(ThermoFisher Scientific, Bremen Germany) massspec-
trometer, using aresol ution power of 60000 at nYz400
(FWHM). Theentrancecapillary temperatureand volt-
agewereset at 280°C and +4 kV, respectively. Sheath
gasand auxiliary gasflow rateswere set at 28 and 3

a.u. respectively
Satistical methods
Beforeany satistical analysis, the ESI(+)/MS data

———————, Natural Products
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wereinserted intoamatrix of n/zvalue (expressed as
percent relative abundance), automatically aligned and
converted to ASCII filesusing SpecAlign software,
devel oped by Dr Jason W.H. Wong (Prince of Wales
Clinica School & Lowy cancer Research Centre, Fac-
ulty of Medicine, University of New South Wales,
Sydney, NSW, Australia). The software characteris-
tics have been described €l sewhere?; for the present
study, theversion 2.4.1 was used. Them/zval ues of
the various sampleswere merged together in order to
dignthex-axisof al thesamples. Thereafter, by means
of SpecAlign, the spectrawerebinnedto asizeof 1
unit of m/z, in order to reduce the complexity of the
spectra. TheASCI|I fileswereimported into an Excel
spreadsheet, and when necessary, to reduce dimen-
sondity of matrix, datawerefiltered to arel aiveabun-
dance greater than 5%.
Multivariateanadyssalowsto overcomethelimits
of asmplevisua examination of spectra, sSinceit con-
Sderstheentireset of variables(i.e. therelative abun-
dancesof theionic species) permitting acomplete ex-
ploratory andysisof themetabolitefingerprinting of the
sampled?.
Cluster analysis

Cluster analysisisamultivariate procedure of ex-
ploratory dataanaysisfor detecting natural groupings
indata. Dataclassification congstsin placing samples
into more or lesshomogeneous groups, in order to re-
ved any relationship among groups. Standard hierar-
chica agglomerativeclustering techniquesweregoplied
using theWard method. The distance measurewasde-
termined using the Euclidean distance. Datawere pre-
sented as dendrograms; a so heat mapswereused in
some cases. A heat map isagraphica representation of
abundancefor eachionic speciesof thevarioussamples,
wheretheabundancesare rendered as colorsin atwo-
dimensiona map.

Principal component analysis(PCA)

PCA isamathematica procedurethat transformsa
number of possibly correl ated variablesinto asmaller
number of uncorrelated variables defined asprincipal
components, which arelinear combinationsof theorigi-
nal variables. Thefirg principa component explainsas
much of thevariability inthedataaspossible, and each
following component accountsfor theremaining vari-
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ability. PCA can beamethod of datavisudization use-
ful to reducethe dimensiondlity of thedataset; it can
helptoidentify new meaningful underlying variablesand
a so can suggest the presence of clusterswithin multi-
variatedata. Thedataarerepresentedinadimensiond
spaceof nvariables, whicharereducedintoafew prin-
cipal components; these principal componentsare de-
scriptive dimeng onsindi cating themaximum variation
within the data. After obtaining the principa compo-
nents, they can be graphically plotted to observe any
groupingsinthe dataset. Covariance matrix was se-
lected for PCA computation and standardized princi-
pa component scores were used to characterize the
samples; thefirst 3 components, which accounted for
themain variance among data(morethan 70%), were
considered for the classification of dataand presented
as 3D-scatter plot.

Discrepancy factor

Alternatively to multivariate methods, anumerica
evaluation of differencesamong sample spectrawas
obtained by the use of the so-called Discrepancy Fac-
tor, originally proposed by Crawford & Morrison®.,

RESULTSAND DISCUSSION

LC-ESl (&)-MS

Thecommercia product employed for thisinvesti-
gation, Sedivitax gocce, is congtituted by four differ-
ent plant extracts (see TABLE 2) with concentrations
varying from 0.92% for Eschscholtzia californicato
93.93% of Passifloraincarnata. The components of
Passiflora incarnata would be expected to lead to
the most abundant peaksin the LC chromatogram. In
order to detect the presence of |ow concentration com-
ponentsinthecommercia products, LC-MSand LC-
MS/MSwerefirstly performed on the extracts of the
different components.

Samplesof B E, M, V naturd extracts(see TABLE
2) wereanalyzed in both ES| positiveand negativeion
modes, taking into account that thetwo operative con-
ditionswould|ead to the detection of chemicaly differ-
ent classes of compounds. Infact it isreasonableto
assumethat in positiveion mode themost basic com-
ponents are those | eading to the most abundant ions
(through protonation reactions and/or Na+ and K*

A Tudéan Journal
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cationization), whilein negativeion modetheionization
of themost acidic components (through proton extrac-
tion) isprivileged. Then by thetwo approachesdiffer-
ent, but complementary, views of the phytochemical
products present in the extracts can be obtained.

Thetotal ion chromatogramsof samplesP, E, M,
V obtainedin LC-ESI(+)-M Sarereportedin Figure
1. The chromatogram of the sample obtained by the
extemporaneous mixtureof B, E, M, V with concentra-
tionsidentical to those present in Sedivitax commer-
cia product isreported in thesamefigure.
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Figurel: LC-ESI(+) MSChromatogramof: a) Passiflora
incarnata extracts (P); b) Eschscholtzia californicaextracts
(E); ¢) Mdissaofficinalisextracts(M); d) Valerianaofficinalis
extracts(V); €) extempor aneous Sedivitax (S).
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We focused our attention on the componentsre-
sponsiblefor the most abundant peaks and for them
MS/M S experimentswere performed. Thedataso ob-
tained wereemployed for structurd assgnmentsonthe
basisof what isdescribed in literaturefor thedifferent
plant extracts.

Theretention times, thenyzvauesof theESI gen-
erated positiveionsand theM SM Sdatatogether with
therdated structura assgnmentsarereportedinTABLE
3. Itisat first sight evident the high complexity of the
anayzed plant extracts, a so considering thefact that
some chromatographic peaks are due to different
coeluting molecular species(see TABLE 3).

Themain component of P extract (Figure 1a) is
present at r.t 5.6 min; therelated MS/M S spectrum
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showslosses of neutral moietiesof 162 Daand 180
Da, suggestingfor it thestructureof aNa* adduct of a
disaccharide. Thishypothesishasbeen confirmed by
accurate mass measurement; the experimental accu-
rate mass of this ion was 365.10557 amu, corre-
sponding to theelemental formulaC_H,,0,,Nawith
an error of 0.376 ppm. Asit can be easily seenin
Figure 1, this speciesis not specific for P, but itis
present alsofor V and, in minor extent, for Eand M.
Other important components of P extract are present
atr.t.34.2,37.3,39.2and 43.4 min. Therelated ESI
spectrashow molecular speciesat m/z595, 565, 449
and 433 respectively. TheM S/M Sdataindicate that
they correspond to Vicenin-2, Schaftoside, Orientin
and Vitexin. These four compounds have been de-
scribed in literature®12 as components of Passiflora
incarnata extracts. Furthermore a component of
molecular weight 564 Da, the same of Schaftoside, is
asopresent at r.t. 38.4 min. TheM S/M S spectrum of
its [M+H]* (m/z 565) (see TABLE 3) is partially
superimposablewith that of Schaftoside, but thelack
of fragment ionsat m/z427, 409 and 391 indicates
that it can be considered a Schaftoside isomer.
Passifloraincarnata hasalong history of useas po-
tent anxiol ytic and sedative, besides being apopul ar
traditional medicinefor thetreatment of insomnia, epi-
lepsy, tetanus and muscular spasmg*3.,

Eschscholtzia californicaleadsto the chromato-
gram shownin Figure 1b. Thetwo speciescharacteris-
ticof thisplant extract arepresent at r.t. 31.5and 33.2
minandtherelated M S (indicating mol ecul ar speciesat
m/z 324 and 338) and MS/M S data (see TABLE 3)
lead to their identification as Californidine and
Escscholtzinerespectivel y4.

Inthe chromatogram of Mdissa officinalis(Figure
1c) the peak at r.t. 5.5 min, dueto the Na* adduct of
thedisaccharide, ispresent likein all the other plant
extracts. At r.t. 50.2 min apeak dueto theion at m/z
341 ispresent; therelated M S/M S spectrum evidences
only thelossof aH,O molecule and consequently any
structural assignment was impossible. The
chromatogram appears poor of components
characteristicfor M extract; thisisprobably duetothe
fact that the mgjor components of Melissaofficinalis
areacidic components, which arebetterionized in ESI(-
) condiitions.

——————, Natural Products
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TABLE 3: Peakspresent in the L C chromatogramsof Figure 1, their retention times, therelated molecular speciesand
product ion spectra, assigned identity and related structure. The presence of the same molecular speciesin the direct
infuson ESI (+) spectraisreported in thelast column.

lon
¢ M olecular MSMS Assianed detected in
No. (miRn) species fragments Ider?tit Structure direct
) iz (Rel.Ab. %) y infusion
spectra
[M+Na]* Na" adduct of
1P 56 365 203 (100), 185 (60) disaccharide C12H2011 X
577 (100), 559 (25),
[M+H]* 541 (16), 529 (39),
2P 34.2 595 511 (32), 499 (15), Vicenin-2 X
481 (15), 475 (15),
457 (77), 427 (24)
547 (100), 529 (53),
[M+H]" 511 (34), 499 (13), .
3P 373 565 481 (19), 427 (53) Schaftoside X
409 (9), 391 (3)
547 (100), 529 (19),
[M+H]"  511(7),499(30), Schaftoside
4P B4 Toes  481(9).457(16),  isomer CasH2s014
445 (8)
431 (100), 413 (19),
[M+H]" 395 (33), 383 (64), _
5P 39.2 449 353 (38), 329 (29). Orientin X
299 (14)
415 (100), 397 (25),
6P 434 [M+H]" 379 (16), 367 (88), Vitexin X

433 337(21), 313 (17),
283 (10)
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lon

¢ M olecular MSMS Assianed detected
No. (miRn) species fragments Ider?tit Structure in direct
: m/z (Rel.Ab. %) y infusion
spectra
[M+H]" 215 (100), 207 (26),
7P 46.9 233 173 (18), 150 (70) unknown X
[M+H]"
535 279 (100) unknown X
[M+H]"
8P 68.1 279 249 (100) unknown §
[M+H]"
225 197 (100) unknown
[M+H]* Na" adduct of
1IE 55 365 203 (100), 185 (65) disaccharide C12H2201 X

N @] (@)
M 293 (100), 263 (28), L
2E 315 233 235 (19) Californidine <o O> X
3 332 IM*HI" 203(100),235(14), Loy oviitzine <o O> X
: 324 188 (65) . S

[M+H]* Na" adduct of

IM 55 365 203 (100), 185 (65) disaccharide C12H2:011 X
[M+H]"
433 233 (100) unknown X
2M 468 [\ X
233 145 (100) unknown
[M+H]* 323 (100), 297 (31),
3M 50.2 241 195 (22), 181 (6), unknown X
163 (17), 147 (42)
[M+H]"
433 233 (100) unknown
aM  46.8 [M+H]"
233 145 (100) unknown
[M+H]"
467 415 (10), 245 (100) unknown
[M+H]"
SM 607 245 171 (100) unknown X
[M+H]"
177 149 (100) unknown
[M+H]"
535 279 (100) unknown
[M+H]"
6M 681 " o9 249 (100) unknown X
[M+H]
225 197 (100) unknown
[M+H]* Na" adduct of
v 55 365 203 (100), 185 (70) Disaccharide C12H2,011 X
v 244 MO 252(27),136 (100)  unknown X

H

O _COOH
0
[M+H]* Chlorogenic —
3V 288 ane 163 (100) e "o o X
OH
OH
OH

——————, Natural Products
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lon

t Molecular MSMS Assianed detected
No. , R species fragments an Structure in direct
(min.) Identit
) iz (Rel.Ab. %) y infusion
spectra
537 (100), 519 (43),
[M+H]" 483 (42), 357 (82),
A B Tese  355(32),325(60),  UNknown
282 (63), 195 (37)
5V 391 [MGZ';] 545 (100), 363 (17)  unknown X
[M+H]*
467 348 (3), 245 (100) unknown
[M+H]
v 607 245 171 (100) unknown
[M+H]
177 149 (100) unknown
535 279 (100) unknown
v 68.1 279 249 (100) unknown
225 197 (100) unknown
[M+H]" Na" adduct of
1S 57 365 203 (100), 185 (60) disaccharide C12H,011 X
+ o] o]
[M+H]" 293 (100), 263 (27), e
2S 315 338 235 (20) Cdlifornidine < > X
(0) 0]
+ O 0]
[M+H]" 293 (100), 235 (15), .
3S 332 304 188 (66) Eschscholtzine < > X
o] o
OH
547 (100), 529 (50),
[M+H]" 511 (32), 499 (13), .
4S 373 565 481 (19). 427 (53). Schaftoside X
409 (10), 391 (3)
547 (100), 529 (20),
511 (7),499 (30),  Schaftoside
55 B4 S5 4g1(9)457(18),  isomer CoHz60u4
445 (7)
431 (100), 413 (30),
[M+H]" 395 (31), 383 (65), _—
6S 39.2 449 353 (38), 329 (29), Orientin X

299 (15)

Natural Products
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lon

Molecular MSMS Assioned detected
No. (miRn) species fragments Ider?tit Structure in direct
) iz (Rel.Ab. %) y infusion
spectra
415 (100), 397 (26),
[M+H]* 379 (16), 367 (85), .
S A5 Ty 337 (20), 313 (18), Vitexin X
283 (10)
[M+H]"
383 221 (100), 185 (67) unknown
85 47.3 [M+H]*
163 144 (100), 135 (22), 121 (21), 117 (29) unknown

The chromatogram obtained for the Valeriana
officinalisextract isreported in Figure 1d. The peak
due to the Na* adduct of a disaccharide, already
described, is present at r.t. 5.5 min. The peak at r.t
28.8 min can be assigned to [M+H]* ion of
Chlorogenic acid*>® on thebasisof therdlated M S/
M S spectrum, showing theloss of aneutra speciesof
192 Da, originating from the cleavage of Chlorogenic
acid skeleton.

P, E, M, V solutionswere mixedin the abundance
ratio of 93.93 % (86.73% of P alcoholic extractsand
7.2% of Pfreezedried extract), 0.92 %, 1.6% and 3.3
% respectively, i.e. the sameratio employed for the
production of Sedivitax (see TABLE 2). Thesample
Sso obtainedled to thechromatogram reportedin Fig-
ure le. Consderingthenatura extractsabundancera
tio, one could expect that the chromatogram isdomi-
nated by the peaks due to P components. In thisre-
spect the peak at r.t 5.6 min and the peaks at r.t from
34.2 minto 43 min present in P chromatogram (Figure
18) areparticularly abundant in S(compare Figures 1a
and 1e; the peaks 1S, 4S, 5S, 6S, 7S and 8Sin the
|atter just correspond to the peaks 1P, 3P, 4P, 5P, 6P
and 7Pintheformer). However inthe Schromatogram
(Figure 1e) abundant peaksof E area so detectable at
r.t.31.5and 33.2min (2Sand 3S; compare Figures 1e
and 1b). It must be considered that the E and P per-
centages are 0.92 and 93.93 respectively; then the
abundance of E componentsin Smust be ascribed to
their higher ionizationyield, duetoionic nature of one

metabolite (Cdifornidine) andto high proton affinity of
the other (Escscholtzine). In other words the E me-
tabolites seem to exhibit abadsicity higher thanthat of P
metabolites. Inthe Stota ion chromatogram the peaks
dueto componentsof V and M are detectablein low
abundance.

These datashow that the chromatogram obtained
by ESI(+) of S can be considered valid from the
quditativepoint of view, dlowingtoidentify thepresence
of thefour plant extracts constituting it, but from the
quantitative determination of the different components
it cannot be employed asit is, being the specificion
current of the different componentsrelated mainly to
their basicity, and not to their percentages.

Thechromatogram of Sandthecommercid product
6 are practically superimposable, proving the
maintenance of the metabolite profile also in the
commercid product.

TheLC-ESI(-) ion chromatogramsof B E, M,V
and Sarereported in Figure 2; the m/z values of the
related deprotonated mol ecul esand the corresponding
structuresarereportedin TABLE 4.

Passiflora incarnatel*® |eads to the
chromatogram shownin Figure 2a. Inthese conditions
thepeak a r.t. 5.3 ministhemost abundant oneand it
can be assigned, on the basis of MS/MS data and
accurate mass measurements, to the presence of a
disaccharide, dso detected in LC-ESI(+)/M Sanalysis.
Thepesk at r.t. 34.2 minisdueto theanion at m/z593;
the related MS/MS data are in agreement with the
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structureof Vicenin-2. Thepeaksat r.t 37.2, 39.1 and
43.4 min correspond to theanionsat NVz563, 447 and
431 respectively and, theM M Sdatasuggest for them
the structures of Schaftoside, Orientin and Vitexin.
Compounds of molecular weight 594 and 564 Daare
responsiblefor thepeaksat r.t 38.2 minand 41.6 min.
Therdlated M SIM S spectraaredifferent from those of
Vicenin-2 and Shaftoside, proving that they areisomers
of thesecompounds.

Alsofor Eschscholtzia californica extract (Figure
2b) the main component (r.t. 5.4 min) is due to a
disaccharide (mVz 341). Others two abundant peaks
areatr.t. 45.6 and 49.9 minand MS/M Sdataindicate
that they can be assigned to the structures of Rutini*
and I sorhamnetin-3-O-rutinoside™®. The peak dueto
Rutin glucoside (m/z771) ispresent at 30.8 min: the
related MS/M S spectrum shows the loss of 162 Da
and theformation of theion at m/z609, in agreement
with the proposed structure.
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Figure2: LC-ESI(-)-M S Chromatogram of: a) Passiflora
incarnata extracts (P); b) Eschscholtzia californica extracts
(B); c) Mdissaofficinalisextracts(M); d) Valerianaofficinalis
extracts(V); e) extempor aneous Sedivitax (S).

TABLE 4: Peakspresent intheL C chromatogramsof Figure2, their retention times, therelated m/zvalueof [M-H]-species
and product ion spectra, assigned identity and related structur e. Thepresence of the samedepr otonated moleculesin the

direct infusion ESI(-) spectraisreported in thelast column.

lon
) MSMS . detected
No. (mtiRn) [Mm'/j] Fragments ";\(:jszr?tr:ted Structure in direct
: (Rel. Ab.%) y infusion
spectra
179 (100), 161 (15), 143 (13), . .
1P 53 341 113 (10), 101 (4) Disaccharide C1oH2041 X
575 (5), 503 (30), 473 (100),
2P 342 593 383 (40), 353 (75), 325 (3), Vicenin-2 X
297 (5)
545 (13), 503 (50), 473 (64),
3P 372 563 443 (51),425(20), 383 (77), Schaftoside X
353 (100), 325 (4), 297 (3)
Natural Products
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lon
) MSMS . detected
No. (rr:iRn) [Mn;/j] Fragments '?‘i'?t?ted Structure in direct
: (Rel. Ab.%) y infusion
spectra
545 (10), 473 (59), 443 (100), .
4P 382 563  383(48), 353 (75), 325 (4), Scihgrtnosde CogH2s0u
297 (3)
sp 301 447 2 21227)’(‘1‘(1)(1))(22%2?;)(60)’ Orientin X
6P 41.6 593 473 (62), 413 (100), 293 (10) Vicenin -2 isomer
413 (7), 395 (5), 341 (39), o
7P 434 431 311 (100), 283 (5) Vitexin X
179 (100), 161 (12), 143 (8), . .
1E 54 341 113 (17), 101 (4) disaccharide C1oH»041 X
203 (5), 179 (100), 161 (29),  Caffeic Acid
2E 238 341 135 (9) Slucceide CisH1500
337 (2), 295 (1), 265 (7),
355 235 (5), 217 (46), 193 (100), unknown X
175 (30)
325 (4), 295 (2), 277 (2),
3E 301 385 265 (8), 247 (47), 223 (100), unknown X
205 (57), 190 (4)
4E 30.8 771 609 (100) Rutin gl ucoside Cz3H10021 X
609 (6), 591 (14), 489 (15),
5E 393 755 343 (8), 300 (100), 271 (26), unknown X
255 (12)
HO
0 OH
HO:¢\\O OH
6 456 eog 563 (12), 464 (15), 301 (100), RUtin OH o - X
' 284 (26), 179 (5) OH O
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lon
. MSMS . detected
No. (mtiRn) [Mrr;/Hz] Fragments ?(?Zr?tr:ted Structure in direct
: (Rel. Ab.%) y infusion
spectra
HO
o) OH
Hoﬁko OH
315 (100), 300 (22), |sorhamnetin-3-O- OH o oH
7B 499 623 591714y, 255 (5) rutinoside oH O X
179 (100), 161 (10),
IM 54 341  143(7),113(17), disaccharide C12H201 X
101 (3)
179 (100), 153 (3),
2M 195 197 135 (5), 123 (3), unknown X
73 (5)
3M 434 447 285 (100) Kaempferol X
Glucoside
HO
Y OH
OH
OH
ON_OH
203(13),197 (28), oo Q oH
4M 469 359 179 (25), 161 (100), cid X No X
133 (4)
HO
OH
OH
(0]
3.0.(8 o 07(\/@0 OH
5M 49.4 537 A93(100),359(18), " iktenu o How A X
313 (2) A OH
rosmarinic acid
HO ©
OH
391 (2), 359 (21),
259 (71), 231 (35),
6M 55.2 439 215 (100), 179 (2), unknown X
161 (2), 151 (3),
135 (15)
179 (100), 161 (10),
1V 54 341  143(12), 113 (10), disaccharide C12H20u X
101 (4)
HO__cooH
0
. . =
2V 28.8 353 191 (100) Chlorogenic acid HO 0O X
OH
OH
OH
Natural Products
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lon
) MSMS . detected
No. tr [M-H] Fragments A$9U9d Structure in direct
(min.)  m/z (Rel. Ab.%) | dentity infusion
spectra
0
L,
vV 726 201 249 (100), 231 (50) Acaoxgc‘ﬁ'ere”'c X
N
COOH
179 (100), 161 (10), 143 (11), .
1S 54 341 113 (10), 101 (4) disaccharide C1oH204; X
HO_ _cooH
o)
L. =
2S 288 353 191 (100) Chlorogenicacid |, o X
OH
OH
OH
OH
575 (9), 503 (20), 473 (100),
3S 342 593 383(48),353(80), 325(3), Vicenin-2 X
297 (6)
545 (26), 503 (49), 473 (82),
4S 372 563  443(50),425(20), 383 (85),  Schaftoside X
353 (100), 325 (4), 297 (3)
545 (9), 473 (67), 443 (100),
55 382 563 383(44),353(82),325(4),  Schaftoside
297 (3)
6S 39.1 447 429 (10), 411 (2), 357 (71), Orientin X

327 (100), 285 (2)
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lon
. MSMS . detected
No. (rr:iRn) [Mn;/j] Fragments 'T;zngt?ted Structure in direct
: (Rel. Ab.%) y infusion
spectra

7S 414 593 473(70), 413 (100), 293 (12)  CyHgO
413 (5), 395 (2), 341 (32), o
8S 434 431 311 (100), 283 (3) Vitexin X
563 (10), 464 (16), 301 (100), .
9S 456 609 284 (25). 179 (4) Rutin X
O OH
OH
OH
o o OH
223 (10), 197 (20), 179 (25), o ~
10S 469 359 161 (100), 133 (6) Rosmarinic acid o X
HO
OH
0
L
11S 744 291 249 (100), 231 (55) Acetoxa%’jam'c X
N\
COOH

The chromatogram of Melissa officinalis is
reported in Figure 2¢c. The most abundant peak isat r.t.
46.9 min, corresponding to thestructureof Rosmarinic
acid*¥ (m/z 359), as confirmed by MS/MS data. At
r.t. 5.4 min the peak dueto the anion of adisaccharide
(m/z 341) is present, as observed for P and E. The
peak duetoananionat m/z447 ispresent at 43.4 min,
the MS/MS data indicate for it the structure of
Kaempferol glucoside. The anion at m/z 537 is
responsiblefor thepeak at r.t. 49.4 minandfor it the

structure of the 3-O-(8"-Z-caffeoyl) rosmarinic acid
can beassigned on thebasisof MS/M S spectrum.

The chromatogram of Valeriana officinalisisre-
ported in Figure 2d. The most abundant peak isat r.t.
5.4 min and correspondsto theanion at m/z341 ([M-
H]- of adisaccharide)®. Thepeak at r.t 28.8 min cor-
respondsto theanion at m/z353; it can beassigned the
structure of Chlorogenic acidi*>*¢l. The peak duetothe
presence of the Acetoxyvalerenic acid (m/z291) is
present? at r.t. 72.6 min.

Natural Products
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In the chromatogram of sample S, containing the
four plant extractswith relative percentageidentical
to that of commercial product Sedivitax, at least one
peak of the four plant extracts is present; it is
dominated by the peaks of P [unlikein the ESI(+)
chromatogram] which is the most abundant plant
extract in Sedivitax; in fact the peaks dueto theions
at m/z 593, 563, 431 and 447 described for
Passiflora incarnata extract are present in the
chromatogram. An exception is observed for
Rosmarinic acid; the peak duetotheionat m/z359is
the most abundant, also if Melissa officinalisextract
(M) ispresentinalow abundancein S.

Alsointhiscasethe chromatogram of Sand the
commercia product 6 are practicaly superimposable,

Intens,
X0 a

6
i
2]
0 . . : e bt paciafs

ait] b
0.6

0.4] k
0 T T T T < T

E'=l:| 10 20 30 40 50 60
Figure3: ESI(+) Reconstructed ion chromatogram of ionsat:
m/z 449 [char acterigticfor Passifloraincarnataextracts(a)],
m/z 338 [characteristic for Eschscholtzia californica ex-
tracts (b)], m/z 383 [characteristic for Melissa officinalis
extracts (c)] and m/z 355 [characteristic for Valeriana
officinalisextracts(d)] detected in sampleS.

Direct infusion-ESI (+)-MS

Alternatively to the LC-ESI-M S approach, it was
considered of interest to undertake theanalysison the
samesamples(P, E, M,V and S) by direct infusion of
therd ated solutionsin the ESI sourceoperatingin both
positiveand negativeion mode. Thisapproach hasbeen

Time [min]
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proving the maintenance of themetabolite profilea so
inthecommercia product.

Thetotd ion chromatogram of Sobtained in both
ESI(+) and ESI(-) conditions are, asexpected, highly
complex and the possible overlapping of different
component from different plant extracts can occur.
However thisnegative aspect can beeasily overcome
by extracted ion chromatograms. As examples the
extracted ion chromatograms of some ions
characteristic of thedifferent plant extracts detected
inESI(+) and ESI(-) chromatograms of Sarereported
in Figures 3 and 4. These dataindicatethat, asusual,
extracted ion chromatograms are an useful tool to
perform quantitati ve measurementsand to verify the
composition of sample S.

Intens
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Figure4: ESI(-) Recongructed ion chromatogram of ionsat:
m/z 447 [characterigicfor Passifloraincarnataextracts(a)],
m/z 609 [characteristic for Eschscholtzia californica ex-
tracts (b)], m/z 359 [characteristic for Melissa officinalis
extracts (c)] and m/z 353 [characteristic for Valeriana
officinalisextracts(d)] detected in sample S.

aready successfully employed to characterize extracts
for different botanic species*®. The ES| datawere
eva uated by gtatistical methodsand theresults showed
aclear differentiation among different species. More
recently the same approach was also used to obtain a
fingerprinting of phytochemical preparations produced

——————, Natural Products
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by theuseof different plant extracts®. Evenif the plant
metabolic profilesarein these cases highly complex,
specificfingerprintings have been obtained.

The datarelated to samplesP, E, M, V, Sand 6
fully confirmthesefindings. The ESI (+) spectraof the
samplesP, E, M, V, Sarereported in Figure5.
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Flgure5 ESI (+) fuII scan massspectraobtamed by dlrect
infusion of: a) Passiflora incarnata extracts (P); b)
Eschscholtzia californica extracts(E); ¢) Melissaofficinalis
extracts(M); d) Valeriana officinalisextracts(V); €) extem-
por aneous Sedivitax (S).

In all the spectrapeaks up to MYz 600 are present.
It isto emphasize that not necessarily to one peak
corresponds only one molecul ar species. Infact, due
to thelow massresolution of theinstrument employed
for the investigation (ion trap), isobaric ions with
different structures, different e emental compositions
and different exact mass values can contributeto the
same peak. However, for theaim of the present work,
i.e. theevaluation of fingerprinting specificity, this
aspect isnot essential.

In the case of P, M, V (Figures 5a, 5¢ and 5d
respectively) strongly anal ogous spectraare obtained
inESI(+) conditions: themost intense peaksat m/z365
and 381 are due to Na*' and K* adducts of the
disaccharide already detected in LC-ESI-MS
conditions, asproved by MS/M S and accurate mass
measurements. Onthe contrary E (Figure5b) leadsto
aspecific spectrum, dueto the presence of ionsat nm/z

338 and 324 dueto Cdifornidineand Escschol tzing'4.
The spectrum of S (Figure5e) ischaracterized by the
ionsabovedescribed, and it isexactly superimposable
with that of the commercial products6. It isworth of
noting that the most of ionic species detected in the
spectrum obtai ned by direct infus on werethoseleading
the most intense chromatographic peaks (see TABLE
3, last column on theright). Thendirect infusion can
give, very rapidly (few minutesvs 75 minutesfor the
L C run) ahigh number of information on the natural
extracts. Thedtrict analogiesamong P, M, andV were
also present inthetotal ion (+) chromatograms. This
ineffectivenessof ESI(+) inthedifferentiation of P, M,
V isdueto the presence of the disaccharide species
which areionized in high yield, leading in LC/MS
conditionsto abundant protonated moleculeswhile, in
direct infusion conditions, depress the formation of
charged molecular speciesfrom the other components
of plant extracts.

Thesituation showsaclear changeby direct infu-
sonof B E,M andV inESI(-) conditions. Inthiscase
(seeFigure6) four strongly different spectraare ob-
tained, dueto theprivileged production of anionsfrom
thedifferent, moreacidic species present intheextracts.
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Figure6: ESI(-) full scan mass spectra obtained by direct
infusion of: a) Passiflora Incarnata extracts (P); b)
Eschscholtzia californica extracts(E); ¢) Melissaofficinalis
extracts(M); d) Valeriana officinalisextracts(V); €) extem-
poraneous Sedivitax (S).
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For the most abundant ion MS/M S spectrawere ob-
tained and they resulted perfectly the same obtained by
the LC-MS/M Sexperiments.

The ESI(-) spectrum of Passifloraincarnate'®?
isreportedin Figure6a Themost abundant ionisat ny
z431, dueto Vitexin. Theionsat nYz341, 563 and 593
correspond to the [M-H]  anion of a disaccharide,
Schaftosdeand Vicenin-2 respectively. Both theionsat
MYz 387 and 377 may berd ated to the disaccharide; the
related M S/M S spectrashowing theformation of theion
at m/z341, i.e. themolecul ar speciesof disaccharide.
Furthermoretheion at m/z447 wasdetected inthedi-
rect infusion analysisof P; asconfirmedby MS/MS; it
can beassgned to the deprotonated moleculeof Orientin.

The spectrum of Eschscholtzia californica is
reported in Figure6b. Themost abundantionisat m'z
609 and it can be assigned the structure of Rutin*”, as
proved by therelated MS/MS data. Theions at m/z
191, present dso inthe spectrum of M andV, and those
at m/z 341 correspond to the deprotonated molecules
of Quinic acid®® and of the disaccharide. It is to
underline that the ion at m/z 191 seems to be
undetectablein LC-ESI(-)-MSanalysisof E, M and
V, but by extracted ion chromatogram, its presenceis
observed at r.t. 64.1 min.

The spectrum of Mdissaofficinalis (seeFigure 6¢)
ischaracterized by theion at m/z 359, which corresponds
to the structure of Rosmarinic acidi*®. Theionsat m/'z
341 arepresent a lower intengity, corresponding tothe
deprotonated molecule ([M-H]") of the disaccharide.

The ions present in the spectrum of Valeriana
officinalig?@ (Figure 6d) at nvVz 387, 377, 431, 470
and 683 arerelated with the most abundant ion, which
isa m/z 341 and correspondsto thedisaccharide struc-
ture. Infact therelated M M Sdatashow for al them
theformation of theion at m/z 341. Furthermorethe
ionat m/z 291 (Acetoxyva erenic acid)?! ispresent at
low intensity; thisaspect may be dueto signd suppres-
sion phenomenaoften observed in ESI condition.

Finally the spectrum of the extemporaneous
Sedivitax (sample S) isreported in Figure 6€; theions
present in the spectrum arethe sameion just described
for thefour plant extracts, but with different intensity.

Thedataabovereported show that by direct infu-
sion ahigh number of information can be gained, with
an analysistimeoneorder of magnitudelower thanthat

—=> [ul| Paper

needed for LC-MS analysis. Of course we are con-
sciousthat by direct infusion thequdi- and quantitative
description of thecomplex mixtureareat alevel lower
than that achievableby LC-MS. However, theformer
approach could be of interest to establish, in prelimi-
nary form, inter-batches variations and the possible
changesin metabolitecompositionrelatedtoageing. In
other wordsthe direct infusion approach can be con-
sidered, inprinciple, avaid anaytica method for qual-
ity control of phytochemical products.

To be confident on this aspect someinvestigation
areneeded, soto evaluate: i) day-by-day instrumental
changes; ii) inter-batchesvariation; iii) variations ob-
served for phytochemica productsproducedin differ-
ent years. It must be considered that point iii) covers
bothi) andii) and, inthisturn, pointii) coversi).

For thisaim afirst investigation was performed to
eva uatetheday-by-day variation of the phytochemica
fingerprinting duetoinstrumenta factors. The Sedivitax
sample#16 (produced in 2006; this batch was used as
exemplificative of maximal degradation phenomena
occurring with ageing) wasanalyzed for 3timesin5
different days. Both ESI(-) and ESI(+) spectrawere
obtained. To eva uatethe differencesamong different
Spectra, statistical methodsarerequired. Inparticul ar,
since the data are obtained from complex matrices,
multivariate procedures represent an appropriate
approach.

Figures 7 and 8 show theresultsof cluster analysis
and of PCA performed on relative abundancesinthe
15 ESI (-) and 15 ESI (+) spectra, respectively, of
sample#16.

Although dugter andys sshowsfor both negativeand
positiveionspectraan goparent diversity, conversdy PCA
suggeststhat thetrue differencesare quite limited, as
indicated by thedtrict crowding of samplesinthethree-
dimensiond plat of thefirst threeprincipa components.
The changesobserved in different days, amplified by
cluster analysis procedure, are actually due to small
variationsof the spectrum; thefact that differencesare
not progressively linked to consecutive days, but |ook
randomly dispersed, indicatesthat the changesarenot
dueto degradation of theextracts, but are consequences
of undetermined instrumental bias, suggesting careful
evauation of ingrumenta conditions, and eventudly need
of repeated measurements.

————————, Natural Products
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Figure7: Cluser analysis(graph onleft reportsthedendrogram) and PCA (graph on right shows3D-plot of thescoresof the
first 3principal components) obtained with ES| (-) full scan massspectra of sampleno. 16. Each sampleisnamed with afirst
number representingthe day of assay, followed by another number, indicating thereplicate.
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Figure8: Cluser analysis(graph onleft reportsthedendrogram) and PCA (graph on right shows3D-plot of thescoresof the
first 3principal components) obtained with ESI (+) full scan massspectr a of sampleno. 16. Each sampleisnamed with afirst
number representingthe day of assay, followed by another number, indicating thereplicate.

Andternative numerica evauation of thesediffer-
ences can be performed and can be obtained by the
eval uation of the Manhattan distance® or by the so-
called Discrepancy Factor (D), originally proposed
by Crawford & Morrison®®, that can be applied to nor-
malized spectra dataobtained by consderingthesum
of theabundancesof dl thek peakspresent inthe spec-
trum, Pn, equd to unity:

kan=1 @

The comparison of thenormalized mass spectraof two
samplesw and y can be obtained by the Discrepancy

Natural Products

Factor, defined ag'2:

k
D=% |Pn,-Pn, |

n=1 @
wherenisnow taken over al observed k pesksin both
spectra, thew and y ones, normalized by Equation 1.
For complete similarity of thetwo spectra, D will be
equal 0.0; for thecompletedissimilarity —i.e., no peaks
at acommon m/z—D will equal 2.0.

Two different gpproaches can beemployedtoevau-
ate D vduesfor amnumber of spectra. Thefirg, (i), is
based on the cal culation of the “mean spectrum’ and
the comparison of all themspectrawith it (obtaining
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n,=mvauesof D according to Equation 2, with sum
hereassumedtobeD_, ). Withthismethod, the aver-
ageD valueiscaculated as:

D.e1=Dgm !Ny 3
which can be used as an estimate of the differencevs
mean reference spectrum.

Alternatively, (ii), the D factor can be obtained
through amoreintegrated procedure, takinginto ac-
count the combined comparisonsof each spectrumwith
all theothers; inthiscase, thetota number of compari-

sonsn,from mspectrawill be:
n,=(m?-m)/2 4

A cumulative D_,_, value will be obtained, as
combinatory differencesfrom each sampleandfor each
ionic species.

k m m

Dsum2=nZ:l IZ; Jz; |Pnijk_Pnjik | (5)
where Pnisthe abundance normalized to 1 for each
ionic speciesand for each sample under comparison, k
isthetota number of ionic speciesobservedinthe spec-
tra, and misthetota number of samples, considering
for eachionic speciesasymmetric matrix composed of
i rowsandj columns. Sincethematrix issymmetrical,
to avoid unnecessary duplicates, only half of the con-
trastswill beconsidered.

Thefind D, vduewill bethevaueof cumulative
D, ,.»» averagedto thetotal number of comparisonsn,;:

sum2’
Daver2 = DsumZ/ nz (6)
Some aspects need to be discussed. First of al D
was proposed to comparethe spectraobtained in e ec-
tronionization (El) conditions, i.e totheset of molecular
and fragment ions originating by the gas-phaseinterac-
tion of aneectron beamwith theneutral moleculesof the
andyte. Inthese conditionsthe samecompound leadsto
practicaly superimposablemass spectraand the D fac-
tor iscloseto zero; onthecontrary two structurdly dif-
ferent compoundslead to high D factor values. Inthe

suml
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present casethe ESI spectraobtained for the different
samplesrepresent the set of molecular species([M+H]*
for postiveions, [M-H]- for negetiveions) produced by
direct infuson of thesampleinsdethe ESI source.

Thepossiblechangein D vadueof El spectraof the
same compound can berelated only toinstrumenta fac-
tors(eectron energy, ion sourcetemperature, ion source
defocusing), whileinthe case of ESI of complex mix-
turesit can berelated also toinstrumental factors (and
thispoint must be necessarily evad uated), but mainly to
changes of concentration of the different component
present inthe complex mixture.

According to approach (i), thediscrepancy factor
(Equation 3) for the 15 replicates of sample #16, in
comparison to their mean spectrum, considered asref-
erence, for negativeand positiveionswasfound to be
0.17+0.04 and 0.26+0.06, respectively (see figures 9a
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Figure9: a: Dfactor calculated for each sample, using nega-
tiveions. Horizontal linesindicate theinterval mean £SD.
Datalegend refer stotheday of analysisfollowed by ther epli-
catenumber; b: D factor calculated for each sample, using
positiveions. Horizontal linesindicatetheinterval mean +SD.
Datalegend refer stotheday of analysisfollowed by ther epli-
catenumbey.
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TABLE 5: Discrepancy factor of sample#16 deter mined accor dingto method (i) for both ESI negativeand positiveion mode.
Relativeabundanceswerenor malized to 1. Asreference spectrum themean spectrum of all them=15replicateswasconsid-

ered. D, wascalculated dividing D, by n, comparisons.
No. of sample No. of ionic species No. of D D._.+SD
spectra (m) in spectra (k) comparisons (n,) suml avert
ESI (-) ionic species 15 288 15 2.84 0.17+0.04
ESI (+) ionic species 15 270 15 3.94 0.26+0.06
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and 9b and TABLE 5for detalsof caculation and val -
ues obtained with each sample).
Using the approach (ii), the discrepancy factor

(Equation 6) from all the possible combinations of
sampleswas 0.21+0.13 and 0.31+0.15 for negative
and positiveions, respectively (TABLE6).

TABLE 6: Discrepancy factor of sample#16 deter mined accor dingto method (i) for both ESI negativeand positiveion mode.
Relativeabundanceswerenormalizedto 1. D, _, wascalculated dividingD_, , by n,comparisons. Thetotal number of binary
contrastsoper ated is(k-n,), that is29400 for negativeionsand 28350 for positiveions.

No. of sample

No. of ionic species

No. of

spectra (m) in spectra (k) comparisons (n,) Dame  DawezSD
ESI (-) ionic species 15 288 105 2562  0.21+0.13
ESl (+) ionic species 15 270 105 37.43 0.31+0.15

Bothmethodsof D factor cd culation gopearedtogive
comparableresults, and suggest that positiveion spectra
haveanoveral larger differenceamong replicatesthan
negativeion ones. The D vauesso obtained expressthe
variation duetoinstrumentd factors; it hasnot adirect
meaning but it representsthe starting pointtoevauate, in
toto, the variation of Sedivitax composition present in
different batchesand dueto ageing of the products.

Different batches, although bel onging to the same
year, could have been produced by different plant ex-

Figure10: Cluster analysis(graph above: dendrogramwith
heat map) and PCA (graph below: 3D-plot of thescoresof the
first 3principal components) obtained with ESI (-) full scan
mass spectraof batchesno. 1-5. Datafor each sampleinthe
heat map areon agraduated color scale, with valuesincr eas-
ing from blueto gray to red. Each sampleisnamed with a
number representing thebatch, followed by aletter, indicat-
ingthereplicate.

Natural Products

tracts (different harvest and/or different plant produc-
tionareas). To verify thevalidity of our approach, five
different Sedivitax batches (1-5) produced in 2008
wereandyzed 5timesin 5 different days. BothES (-)
and ESI (+) full scan mass spectrawere obtained and
there ated datawere employed for statistica trestment
and D vauecdculdion.

Cluster analysis and PCA conducted on ESI (-)
and ESI (+) full scan mass spectraof batches(1-5) are
reportedin Figures10 and 11.
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Figurell: Cluster analysis(graph above: dendrogram with
heat map) and PCA (gr aph below: 3D-plot of thescoresof the
first 3principal components) obtained with ESI (+) full scan
mass spectra of batchesno. 1-5. Datafor each sampleinthe
heat map areon agraduated color scale, with valuesincr eas-
ing from blueto gray tored. Each sampleisnamed with a
number representing thebatch, followed by aletter, indicat-
ingthereplicate.
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Theheat maps, indicating a aglancetheabundance
of each ionic speciesin each sample, show an overall
smilarity among sampl es, both for negative and posi-
tiveions; however, considering al them/zabundances
(expressed asrelative abundances), somedifferences
were detected and highlighted by the cluster analysis,
both with ESI(-) and ESI(+) mode (Figures 10 and
11), and confirmed with PCA. The average D factor
values, calculated according the two different ap-

—=> [y|| Paper

proaches above described, are presented in TABLES
7 and 8, respectively.

Both ESI (-) and ESI (+) spectrawere considered.
Thevaluesof D factors, although dightly higher than
thoseprevioudy seenfor instrumentd variability, appear
dtill moderate, and confirm agreater discrepancy factor
for pogitiveions. Moreover, dsowiththisandysis, both
methods of D factor determination appear consi stent
with each other.

TABLE 7: Discrepancy factor of batches#1-5 deter mined accor dingtomethod (i) for both ESI negative and positiveion mode.
Relativeabundanceswerenor malized to 1. Asreference spectrum themean spectrum of all them=25replicateswasconsid-

ered.D

averl

wascalculated dividing D by n, comparisons.

No. of sample

No. of ionic species

No. of

spectra (m) in spectra (k) comparisons (n,) Dam  Dawer1SD
ESl (-) ionic species 25 288 25 2.38 0.26+0.06
ESl (+) ionic species 25 270 25 7.76 0.31+0.08

TABLE 8: Discrepancy factor of batches#1-5 deter mined accor dingto method (ii) for both ESl negativeand positiveion mode.

Relativeabundanceswerenormalizedto 1. D, , wascalculated dividing D

by n,comparisons.

sum2

No. of sample

No. of ionic species

No. of

spectra (m) in spectra (k) comparisons (n,) Dame  DaverstSD
ESI (-) ionic species 25 288 300 9921  0.330.60
ESl (+) ionic species 25 291 300 122.17  0.41+0.59

Finally the effect of agingin Sedivitax metabolic
profile was considered by analyzing 20 samples
produced in different years (2010: 6,7; 2009: 8-10;
2008: 1-5; 2007: 11-15; 2006: 17-20). For all the
samples ESI (+) and ESI (-) spectrawere recorded
and the data were analyzed by both multivariate
statistics and D value calculation. The latter
parameter was cal cul ated with respect to the mean
spectrum of sample 16, obtained for theinstrumental
variation evauation. Again, this mean spectrumwas
considered as reference since obtained with a pool
of repeated measures on a batch that, being older
than the others, can represent an example of most
pronounced ageing processes. For negative ions,
D, ., =0.55+0.13 (n=67) and for positive ions, D
= 0.63+0.16 (n=67).

Cluster analysis (Figure 12) shows the
differences among different samples without
suggesting a peculiar pattern linked to ageing of
samples. PCA wasableto show apattern for batches
belonging to different years; specifically, with
negativeions, the oldest samples (16-20) appeared
asthemost different ones (Figure 12). Positiveions

averl

failed to show any specific behaviour dueto age
progression (Figure 13). Considering positiveions,
the spectralook more differentiated and clustering
shows random grouping of samples, not assignable
to homogeneous batches according to ageing
(Figure 13). Thedatumisin agreement with the D
factor, that being greater for positiveion spectra,
suggestsalarger distribution of values.

From our experience, therefore, the D values can
be consdered avaidtool to quality control, even more
flexible than cluster analysis and PCA. The data
obtained in the present investigation indicatethat for
D,...= 0.3 any effect of ageing isnot presentinthe
commercia product, but the observed differencescan
originate by inter-batchesvariability. Eventualy, the
dataanalysis can be compl eted further by the use of
cluster andys SPCA toidentify dso outliers.

In conclusion, the present investigation suggeststhat
mass spectrometry can be a quick method to assess
the overall stability of aphytochemical preparations,
and can be proposed asapromising perspectivein pro-
duction qudity control.

———————, Natural Products
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