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ABSTRACT

In order to explore new possibilities to optimize the quality control of
herbal products, a non-conventional method of analysis of complex
systems, the fractal analysis, applied to ElectroSpray lonisation (ESI)
mass spectrometry, was evaluated. The ESI spectra obtained with herbal
commercial productswere converted into bitmap imagesand submitted to
fractal analysis using the so-called “box counting” method. The fractal
dimension (D) so obtained permitted to classify single plant extracts.
Also the ESI spectrum obtained with amixture of plant extracts contained
inacommercial herbal product provided afractal pattern; statistical analysis
on severa replicates obtained with different batches indicated that D,
tends to display a normal distribution around a mean value, which might
be suggested as atypical reference for that product. D, of ESI spectra of
plant extracts which underwent thermal treatment indicates that this
measure maybe useful also to evaluate the changes occurring with aging
of the product. In conclusion, D, might be proposed as a new promising
technique of investigation to be used, coupled to mass spectrometry, as a
summary measurement of complexity of the overall phytochemical
composition and stability of a herbal product.
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INTRODUCTION

M etabol omic approachisafast and effectiveana
Iytical method ableto give afingerprinting of aphy-
tochemical commercid product, inorder to assist the
standardization and thequdity control process*3. Sev-
era methods have been proposed, but oftenthey are
complex and time-consumingt®. In previous papers*®
wefound that the metabolomic fingerprinting of plant

extractsishighly effectiveto characterizedifferent plant
extractsby using ElectroSpray lonisation (ESl) mass
gpectrometry linked toamultivariate statistical method
of dataevad uation. In particular, when operatingin nega
tiveion mode, the procedure led to aclear character-
ization of different extracts, with different samplesof
the same species appearing well-clustered and sepa-
rated from the other ones. Moreover, the same method
was ableto provide ardiable characterization of mix-
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turesof different plant extracts.

Inorder to explorefurther possibilitiesto optimize
thequdity control of phytochemica products, wesought
of interest to take the advantage of anon-conventiona
method of analysisof complex systems, called fractal
analysis, applyingit to our specificfidd.

vf = Extract injection into ESI MS

| e Spectrum acquisition

| e Filtering, peak adjustment

(I e Multivariate statistical analysis

vf e Evaluate parameters obtained

;' e Get extract fingerprinting

df e Final report on product
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Figure 1 : Flow-chart showing the classical method of
phytochemical char acterization (top) or thefractal approach
(bottom).

Fracta anadysiscan beperformed onbiologica phe-
nomenapresenting complex patterns”, suchascellular
differentiation(®®, tumor expansion*®, heart rate!2
and even gene expression*3, Also pharmacol ogy has
been reported to be disseminated of fractal patternd*
18 aswell as e ectrophysiology!9. A fracta approach
has been a so described for chromatographic profiles
of herbal products?® and colorimetric profileof fruit
juice?l; theauthorsof theformer articlé?” found that
fracta fingerprintsaremore stablethantheorigind chro-
matographic profile. When the phenomenon can be
presented graphically, several procedures of fractal
andysishavebeen suggested by usngthessmpleimage
of the phenomenon, i.e. an histologica section, andec-
trocardiographictrace, or atime-dependent series. The
analysis of the phenomenon may depend on the char-
acteristicsof theimage, that isof itsdetails, inorder to

= Extract injection into ESI MS

® Spectrum acquisition

* Fractal analysis of whole spectrum

* Final report on product
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find any self-amilarity patter, one of the characteristics
of fracta objects?. Therefore, fractd analysisoftenis
an approximate measurement of thefractal pattern(s)
of the phenomenon, that isameasureof itscomplexity
intermsof achangeindetail with changeinscde Given
that and ESI spectrum, either asnegative or positive
ionmode, isacomplex system, wefirs triedtoinvesti-
gateif it can display any fracta pattern, and therefore
tousethefractal pattern asamethod to characterize
the product under the aspect of stability, and possibly
a soto obtain any fingerprinting option for the charac-
terization of the phytocomplex. The expected result
would be a simplification of the entire process of
phytocomplex characterization (see comparativeflow-
chartsinFigurel).

EXPERIMENTAL

M ass spectrometry
Samplepreparation

Thefreeze-dried herbal extractswere suspended
inwater:ethanol (30:70) mixture. Thesuspensionwas
left in ultrasonic bath for 22 minutes and centrifuged
for 5 minutesat 13000 rpm. The surnatant was cen-
trifuged and the pellet resuspended again in
water:ethanol (30:70), sonicated and centrifuged. The
combined solutions so obtai ned were employed for
thedetermination of their metabolomic profilesby di-
rect infusion ESI (positive and negative mode).

The commercial productswere Grintuss syrup
adults (medical device), and Natura Mix syrup
(herbal dietary supplement ), both supplied by Aboca
The Grintuss syrup contains: honey, water, plantain
leaves hydroal coholic and freeze dried extract, Grin-
delia robusta flowered tops freeze-dried extract,
Helichrysum italicum flowered tops freeze-dried
extract, essential oils of Eucalyptus, star aniseand
lemon. The Natura Mix syrups contains: honey, pu-
rified apple juice, water, Vaccinium myrtillus fruit
juice, Malpighia punicifolia fruit juice, Sambucus
nigrafruitjuice, Rubusfruticosusfruit juice, freeze-
driedroyd jelly.

In some casesthermal treatment was applied to
the batches, in order to simulate the aging of the prod-
uct.
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Direct Infusion ESI

Thesolutionsof the samplesweredirectly infused
inthe ESI source of anAgilent 1100 SeriesLC/MSD
Trap at 11 pL/min with a nebulizer gas pressure of 15
ps for the negativeion modeand 13 ps for the positive
ion mode. Thedry gasflow and the entrance capillary
temperaturewere 5 L/min and 325 UC respectively
for bothion modes. In the positiveion modethe capil-
lary voltagewas-4500V, whilein thenegetiveion mode
itwas3000V. Extractswerediluted in various amount
withH,0 0.1% HCOOH:MeOH (50:50, v:v) inorder
to optimizetheinstrumenta performance.

Abundance
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Figure2. Typical ESI spectrum (positiveion mode) obtained
with a herbal extract (Hamamelisvirginiana). It istonote
the extreme complexity of the shape, that suggested the
fractal approach. Them/zvaluesof the samplerangesfrom
100 to 2000.

Fractal evaluation of ESI spectra

The ESI spectraobtained with the herba dietary
supplement product (an exampleisshownin Figure2)
after datanormalization, were converted into bitmap
images and submitted to fractal anaysisusingtheso-
called “box counting” method. “Box counting” consists
of superimposing theimage with aseriesof grids of
decreasing cdiber (caled “boxes”, of length r; thescale
€ is equivalent to 1/r), and counting the boxeswhich
containany part of theorigina image (indicated asN)
(Figure3). Fractal dimension D can bedefined asthe
rel ationship between N, thenumber of filled boxes, and
thescaes:

N oc gP

Thepractica proceduredetermineshow detail changes
arefound (i.e. thenumber of boxesfilled by theimage,
N) with thechange of thescale(g), and then calculating
theslopeof thelnregressionlinefor N and . There-
forethebas crdationthat permitsto ca culatethefractal
dimension (herenamed as D, thesuffix “B” stands for
“Boxes”)is:

D,=InN/Ing

Thevalueof thefractal dimensionistherefore com-
puted taking thelimit for e—0 of thereation that links
N to e, that is the slope of the regressionline:

Dg=1lim [In N/ In €]

e—0

In N(e)

=4 ' I (£} )

Figure 3: Thebox-counting method for fractal analysis. An object istiled with boxesof agiven size(r), and thenumber of
boxes (N) needed to cover theobject iscounted. The box sizeischanged (the scale g being equivalent to 1/r) and the process
isrepeated. Thefractal dimension isthen computed by deter mining ther atio of the changein box count to thechangein box
size (aslog-log coordinates). The least squares regression for all data points is indicated by the solid line and the slope is
thefractal dimension D,.
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ThesoftwareHar Fa

Harmonic and Fractal Image Analysis?® (5.5L
light version) was used. Har Fa cal cul atesthe slope of
thelinear portion of theln functionwhich givesthefractd
dimension [specificaly, the parameter defined by the
softwareas D, was considered, whichisbased on
the boxesfilled by the black (B) images and by the
black & whiteborder (BW)]. The software calcul ates
thelinear portion of thelinethat isplotted onthedata
points. A routine cal culatesthelength of analyzed data
pointssegment (L ,..), in order toimprovethe accuracy
of thefractal dimension estimation. Besidestheclassi-

.........
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cal routine, called Sngle Sope Analysis, the software
permitsasoto obtain an Overall SopeAnalysis, which
consstsof caculatingdl possiblevauesof L, (from3
to count of datapoints). Thistool givesahistogram of
thefractal dimension count, wherethemost probable
vaueof correct fractd dimensonisthat with thelargest
count!3,

RESULTSAND DISCUSSION

Figure4 presentsan exemplificative ca culation of
thefractal dimension D, obtained withthe ESI spec-
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Figure4: Exemplificativeoutput from theanalysisof an ESI spectrum (positiveion mode) using theroutinesavailablein
HarFa softwar €% for the calculation of thefractal dimension. Upper figure: plot of thebox count points; lower figure:

histogram of thefractal dimension counts.
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trumof aherba extract, usingthebox-counting method.
Also after asimplevisua inspection, the positiveion
mode spectra of several herbal extracts provided a
higher complexity of the pattern, that inturnledto an
overdl higher fractd dimensionvaue, incomparisonto
the negativeion mode. TABLE 1 showsthe fractal
dimension D, obtained usingthe ESI spectra(positive
and negative ion mode) of some herbal extracts, se-
lected among those commonly used in phytotherapy
and asdietary supplements. Theresultsobtained sug-
gest adirect relation between ahigher fractal dimen-
sion value and the compl exity of the spectrum, repre-
senting the occurrence of amore heterogeneous mix-
tureof phytochemicals.

TABLE 1. Fractal dimension D, obtained with the ESI spec-
tra(positiveand negativeion mode) of someplant extracts.

Fractal dimension Dg

|

Positiveion  Negativeion
mode mode
Hamamelisvirginiana 1.4403 1.2656
Centella asiatica 1.2720 1.2325
Eschscholtzia californica 1.2397 1.2297
Melissa officinalis 1.3360 1.2848
Passiflora incarnata 1.3591 1.2813
Ruscus acul eatus 1.4241 1.3752
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Figure5: Dendrogram obtained with cluster analysis(Ward
method) on thefractal dimension valuescalculated ontheES

spectraof theplant extract, using asclassification variables
both positiveand negativeion modedata (see TABLE 1).

Multivariateanayss, suchascluster andysis(Fig-
ureb5), suggested the possibility of subdividing plant ex-
tractson thebas sof thefractal dimension of their spec-
tra These prdiminary exploratory resultsindicated that

fractal analysis might represent a tool for the phy-
tochemicd characterization of asingleherba extract.

AlsotheES spectrum obtained with amixture of
plant extracts, such asthose containedinacommercia
herbal dietary supplement product (Grintuss syrup
adults, medica device, Aboca), provided afractd pat-
tern; statistical analysison severd replicates obtained
with different batches permitted to show that thefractal
dimensiontendsto display anorma distribution around
amean/median vaue (Figure6), which might be sug-
gested asatypical featurefor that product, to be pos-
sbly used asofor reference purposesin qudity control
issues. Inthiscontext, the ESl method appearsto show
similar opportunitiesfor afractal approachlikechro-
matographic or colorimetric methods previoudy pre-
sentedintheliterature® 24, but with theadvantage of a
more compl eteand definite pattern of signals, propor-
tiona tothe product composition.
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Figure 6 : Normal distribution of the fractal dimension
evaluated using replicates of the same product (Grintuss
syrup adulti). n=45, D, mean/median = 1.28, SD = 0.02.

Further, wetried to usethefractal gpproachto char-
acterizetherepeatability of theinstrumental measure.
Another commercid product containing herba extracts
(Natura Mix syrup, Aboca) was measured several
timesinthesameday andinthefollowing days. The
results, both for positiveionsand negetiveionsareshown
inFigure7, suggesting alimited rate of changeamong
mesasurementsin pogitiveion mode. However, theover-
all variability was higher with the negativeion mode,
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andinaddition, thenet value of fractal dimension ap-
peared very low, dueto the scarceness of the overall
ioniccurrent signa. Theseresultssuggest that thefracta
approach providesreproducibledata, andislinked to
the quaity and complexity of the spectra

Fractal dimension - ES| positive ion mode
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Figure 7 : Fractal dimension obtained with repeated
measur ements(n=10) of thesame commer cial herbal mixture
extracts(Natura Mix syrup, Aboca). Upper graph: positive
ion modeESl; lower graph: negativeion modeES!.

To investigate the useful ness of the approach to
evaluatethe stability of aherbal product, ESI spectra
obtained with plant extracts (Natura Mix syrup) which
received anartificia trestment with heat werea so ana-
lyzed with fractal analysis. The procedure of thermal
exposureof apharmaceutical isawd| recognized method
for prediction of itschemical stability!®!. Theextracts
underwent thermal treatment to s mulate aging or ex-
tremestorage conditions. AsFigure8 shows, thefracta
dimens on gppearstoindicatevariationsfollowing ther-

—==> [y|| Paper

mal treatment, suggesting that thismeasure could be
useful alsoto evaluatethe changesoccurringwith aging
of the product, in order to detect the proper conditions
of storageand stability control intervention.

Thermal challenge

1
|
|
|

— | ‘
15m at 40°C i Y
Zm at40°C .
T at 50°C

Mot

. Basal
pasteurized

Figure8: Thermal stability of aherbal product (Natura
Mix syrup, Aboca) evaluated by fractal dimension analysis.
Theextract underwent ther mal treatment to Smulateaging
or extreme storage conditions. “Not pasteurized”, is the
extract beforeany pasteurization process; “basal”, after
pasteurization; 15m at 40°C, 15 minutes of thermal
treatment at 40°C; 30m at 40°C, 30 minutes of thermal
treatment at 40°C; 7m at 50°C, 7 minutes of thermal
treatment at 50°C.

Figure9: Imagerepresentation of fractal dimension by
meansof ChaosPro® softwar e. The complexity of theshape
of thefernisproportional tothevalueof thefractal dimenson;
example, fractal dimension D=1 (left) or D=1.30(right).
To present thevariationsoccurring withthedatain
amoredirect way, again drawing onthefractal world,
wemight use afractal-like shape of immediatevisua
impact (for example, afern) automatically generated
with afractd image-software (ChaosPro?). Thecom-
plexity of the shapeof thefernisset proportional to the
vaueof thefractal dimension (Figure9), givinginthis
way avisual, quick evaluation of the numeric value;
consderingthat thevisud pattern recognition enablesa
much moreefficient way of evaluation of acondition
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(seefor example, Chernoff’s face diagrams®), maybe
inthisway weprovideaeas er aternativethan thesen-
sation evoked by asingle number appreciation, inor-
der to suggest the use of thispictogram eventualy ina
routine control of the production.

CONCLUSION

Fractal dimension might be proposed as a new
promising techniqueof investigationto beused, coupled
to mass spectrometry, asasummary measurement of
phytochemical complexity of theoverall composition
of aherbal product and of itsstability.
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