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ABSTRACT

Five species dPlantagq namely,P. lanceolataP. major, P. mediaP. altissimaandP. maritima
were screened for iridoid content (CE-MEKC), tataffeoyl phenylethanoid glycoside (CPG)
content and antioxidant activity (CUPRAC assay) Tilie species could be distinguished by TLC
pattern analysis in a single run in a system contynased for quality management®flanceolata
leaves, as shown by cluster analysis of major hamitls the exception, th&. altissimaandP.
lanceolatadid not show enough pattern difference to be fsélparated?. maritimawas shown to
have the highest antioxidant capacity (Ou2ol ascorbic acid equivalent (AAE) / g DW), and the
highest level of CPGs (4.29%). altissimawas shown to be chemically indistinguishable fiém
lanceolatawith repsect to iridoid content (aucubin 0.55+84@.68+0.23%, catalpol 0.66+0.13%
and 0.89%0.22%, respectively), CPG content (2.488%. and 2.54+0.56%, respectively) and
antioxidant capacity (0.2206+0.0290 and 0.2428191Qinol AAEAC / g DW). The presented
data show the potency of medicinal use of Hungawiiéoh populations of the studied five species,
especially in the case &f maritimg and tha®. altissimacan be a potential replacementof

lanceolatain herbal mixtures.

Keywords iridoid glycosides - capillary electrophoresSUPRAC antioxidant capacityRlantago

L. - caffeoyl phenylethanoid glycoside.

AbbreviationsAAEAC, ascorbic acid equivalent antioxidant capa@UC, aucubin; CAT,
catalpol; CE-MEKC capillary electrophoresis - miaeklectrokinetic chromatography; CPG,
caffeoyl phenylethanoid glycoside; CUPRAC, cupeaducing antioxidant capacity; DW, dry
weight; IG, iridoid glycoside, NP, Natural Produetgent A; TLC, thin layer chromatography;

TEAC, Trolox equivalent antioxidant capacity.
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INTRODUCTION

Plantagospecies, especially lanceolataandP. majorare frequently administered herbal
medicine against a variety of common diseases,wihrulde including common cold, cough,
bronchitis, fever, inflammation of the mouth andipmx in the case d¥. lanceolatd3], uses of.

major are also associated with immunmodulatory andiafective properties [13].

Several studies have already been published anichkcomposition oPlantagospecies,
[10] analysed sevelRlantagospeciedor quantitative iridoid glycoside (IG) content wihot water
extraction (HWE) including. altissimaP. lanceolataandP. maritima.[4, 5] have studied
flavonoid pattern, total flavonoid content (witlspectrophotometric assay) and antioxidant activity
of five P. species (including. major, P. mediaandP. maritimg and also the correlation between
the above mentioned parameters was establishey.cbmeluded that there is strong correlation
between flavonoid content and antioxidant actifigm various assays, but no estimation of
caffeoyl phenylethanoid glycosides (CPGs) was mestil. Luteolin-7-O-glucoside was found to
be a chief flavonoid dP. major, while luteolin inP. maritima Detailed chemotaxonomic
investigation of the genus is described by [12] \whwe qualitative information on

occurence/absence of metabolites in mRlantagospecies.

Fortunately, somPlantagospecies and bioactive molecules have well estaddlisises.
Scientific evidence for traditional applicationglides bioactivity datan vitro and in animal
studies. Acteoside and plantamajoside (Figure 1§ wkown to have antispasmodic properties on
isolated guinea-pig ileum [8] and to protect enab#h cells from oxidative damage [7]. Effects of
acteoside and plantamajoside are in part assoaiatedheir ability to scanvenge free radicals.
Iridoids are rather associated with antibactefifi@ots: activity of AUC (aucubin) (Figure 1) agdins

several strains was shown by [14], this moleculs alao found effective in accelerating healing of



oral wounds, and anti-inflammatory effect was alemonstrated [16].

However, some other possible uses of the purermagtabolites of the studidtlantago
species have no respective counterparts in traditiases oPlantagospecies. Novel evidence has
shown, that aucubin can prevent hippocampal neloss[18], or has the ability to protect the

pancreas B-cells in animal studies [9].

No comparative quantitative data are availabléoted CPG content of the less frequently
used species, though qualitative data showedathtabside or plantamajoside can be present as the
major CPGs all of the mentioned ones [12]. Compagajuantitative analysis of species official
and unofficial in the pharmacopoeias and compecaasupport new theoretical data on their
usefulness in therapy. It is also important to edelsimilar or heavily distinguishable, yet useless
species from medicinal practice. Possible misidieation of P. altissima(similar toP. lanceolatd
andP. media(similar toP. major, when not flowering) also claims for more knowledm levels
and patterns of bioactive molecules in these speéi® possible sources of these useful metabolites,

Hungarian populations d¢tlantagospecies have to be examined.

Different populations of five members of the gerRidanceolata, P. altissima, P. major, P.
maritimaandP. mediawere screened for iridoid, total caffeoyl-phenlyatoid ester contents and
total antioxidant to assess potential medicinasu$eC patterns were also examined in a
gualitative assay to provide additional data ttzat lselp distinguishing these species on the
chemical level, as a part of essential quality esste. To obtain more representative data,

specimens are collected from distinct populations.

MATERIALS AND METHODS



Plant material

Leaves of the fiv®lantagospecies were collected on different sampling gpepulations) to
obtain data on within-species variation. All sanspleere collected during flowering to aid proper
species identification, in the summer of 2008 ardendried at temperatures not exceeding 50 °C.
Samples were obtained from the following sites:ddagmson, Nadudvar, Debrecen, Budapest,

Matrahaza, Jaszapati, Tépe. Each species is rapeddey at least 4 samples.

Determination of iridoids

The method of [17] was used for the determinatibaucubin (AUC) and catalpol (CAT)
(Figure 1.) from the plant samples, with minor nfieditions. Accurately weighed 50 mg of plant
material (dry weight) was extracted with 10d®f 10% PrOH for 60 minutes at 100 °C, after
allowed to stand at room temperature for 20 mire Whsoluble part was removed by centrifugation
at 13000 rpm, the supernatant was used for CE sisalyrectly. A PrinCE-C 700 capillary
electrophoresis instrument with a diode array detegas used. Five-point standard calibration
curves were used from both AUC and CAT (Sigma-Aldyj dissolved in 10% PrOH. Background
electrolyte contained 25 mM sodium tetraborate, 100 sodium dodecyl sulphate, pH was set

9.35, applied voltage was +30kV.

Thin layer chromatography

Accurately weighed 100 mg of plant material wagaoted with 100Qu of MeOH for 60
minutes at 65 °C. After centrifugation, supernaamtre used for TLC analysis. TLC was
accomplished on silica gel layers (Macherey-Na@él#n thick Silicagel 60 on glass or
aluminium foil). For pattern recognition purpostd® system of [6] was used, eluent composed a

mixture of EtOAc + HCOOH + AcOH + water, 100+11+2T+ Visulalisation was accomplished by



spraying with 1% Natural Product Reagent A (NPn#rmethyl diphenyl borate; Carl-Roth) in
ethanol, heating at 105 °C for 10 min, and subsatusprayed with 1% PEG 6000 (50% EtOH),
also followed by the same heating procedure. Faralization of TLC, a CAMAG CABUVis
chamber was used, using visible light and 356 nmilluvhination modes. Rf values of TLC plates
were measured with the aid of CP Atlas 2.0 softwapelied to photographs of TLCs acquired with

commercial digital cameras.

Determination of total phenylethanoid content

Quantification of caffeoyl phenylethanoid glycossds done according to the monographs of
the official European Pharmacopoeia 6.2. (Monogidphl1884, Plantaginis lanceolatae folium) in
a minor-scale version. Briefly, accurately weigl€dmg of plant material was extracted with 1000
ul of 50% EtOH, centrifuged and the supernatanuigexcted to analysis. Total CPG's are given as

equivalent % (on BW basis) total ortho-dihydroxicamic acid derivates expressed as acteoside.

Total antioxidant capacity assay

Detailed background of the assay is described]irBriefly, an Cd*-neocuproine (Nc)
complex is added to the diluted plant extracts solaent system buffered by NBIAc (pH 7.4).
The reagent oxidizes polyphenolic substances dmat antioxidants in stochiometric reactions, and
Cu’-Nc complexes are formed, which are measured an#25The plant material is diluted to such
extent, that no absorbance is detected versus afatieel., of Cu’-Nc, making measurement of
individual blind samples unnecessaryPlantagoextracts, caffeic acid derivates (Figure 1.) a we
as flavonoids are measured by the assay undeetwgibed conditions [1]. The 50% EtOH extracts
were used for ascorbic acid equivalent antioxidapacity (AAEAC) determination, after 100-fold

dilution with the solvent to fit the linear rangktbe assay. Data are given as AAEAGumol / g



DW plant drug. Calibration curve was constructeahfrabsorbance data of a serial dilution of

ascorbic acid.

Statistical analyses

One-way ANOVA models are used to test differencgs/ben species, with respect to any of the
measured parameters. ANOVAs were followed by TiskeSD test for multiple comparison.

Runned tests were implemented in R [11].

RESULTS

Iridoid glycoside content

IGs AUC and CAT (Figure 1.) were measured by CEK@Eafter extraction with hot 10%
PrOH. Data on IG content is shown in Table 1. Gualsnples oP. lanceolataandP. altissimawere
found to contain catalpol, whilé2 mediaP. majorandP. mediacontained only aucubi.
lanceolatasamples were found to contain the most iridoiggiBcantly more than that d?. major
andP. media(p < 0.05). No significant difference could be outlingetween the heavily
distinguishabld. altissimaandP. lanceolatawith respect to iridoid contenp & 0.05), similar data

were obtained by [10].

TLC pattern

NP and PEG was successfully applied to the TL&gJyxing various colors to be observed in

UV 356 illumination. Bands that appeared in mosagies (in 3 of 4, or in 4 of 5 samples of a

sepcies) of a single species were given in thalddtpattern description in Table 2. The occurrence



and relative intensities of these bands (0-3, i@hyitscale) were also subjected to cluster analysis
(Ward method, using Euclidean distances) in ordecturately define and quantify differences
among species. Result is plotted in Figure 2. Bahatsallow the fast recognition of the species are
the following:P. majorcan easily be distinguished from the other speanids.C, as is

characterized by many orange bands in the regidh@®-0.76, and an intensive blue/green one at
0.50 and a dark adsorbing zone at 0.70. The opemies showed an intensive blue/green band at
0.65.P. mediacan be distinguished from others by lack of ordoaeds, and a light blue band at Rf
0.17.P. maritimahas similar pattern tB. altissimaandP. lanceolataTable 2), but is rich in orange
bands in the region of 0.61-0.81.altissimaandP. lanceolatacould not be distinguished under the
current conditions, the pattern results were verylar. The other three species could be easily

recognized, as it is also shown by cluster anahlgsislts (Figure 2).

Antioxidant capacity and CPG content

P. maritimawas shown to contain the most CPGs (4.2920.91igifcantly (p < 0.05) more
than any other species, the same was the cas@tOAB values (0.4124+0.707dmol / g
AAEAC). P. majorwas shown to contain the least antioxidants an@<@®.1722+0.057g@mol
AAEAC / g and 1.81+0.56 % CPGs). The other spewiee shown to have more or less equivalent
values of AAEAC and CPG content. Results from thigoaidant capacity assay and total CPG

estimation are summarized in Table 2.

DISCUSSION

Iridoid glycoside content

Presence and absence of AUC and CAT in diffeneetiss is in accordance with the previous

works of [12] inPlantagochemotaxonomy. Measured iridoid content was mucterm the case of



P. maritima P. lanceolataandP. altissimathan in the study of [10], which can be the copsace
of differences in sampling site (thus, geneticadliteds), drying conditions. MeOH extracts of
differentPlantagospecies were analysed for AUC content by [5], famehd data similar to ours, if
we take into account, that MeOH extracts about %% AUC and CAT, than HWE [17]. We have
shown, that 10% PrOH extracts as much as IGs as BAEOS). It is important to note, that the
misidentifiableP. altissimaandP. lanceolatashowed similar quantities of both 1Gs, supportimg
sense therapeutic useffaltissimalG contents of the frequently administeif@dnajorand the
similar P. medialeaves were significantly lower than thatrolanceolata (g0.05, Table 1.).
Within-species variation was not high (mean RSDhgdi7% among samples from different
collection sites).

Data support rationality of folk medicinal useRofaltissima as it contains the same amount
(and pattern) of iridoids, likB. lanceolataof officially established uses. With respect te th

therapeutic uses that can be linked to I1Gs, useadl species studied makes sense.

Antioxidant capacity and CPG content

The CUPRAC assay was successfully applied foeanination oPlantagospecies. It was
shown, thaPlantagoherbal teas and preparations can exert high adéokpotential, the AAEAC
values of the 50% EtOH extract Bfantagospecies (especiall. maritimg are comparable to
CUPRAC TEAC values of many commercial herbal téks,thyme and sage infusions, and so on
[2] (ascorbic acid has molar TEAC of 0.96 in CUPRA$3ay [1])P. maritimaextracts showed the
highest activity (significantly higher than all ethspecies < 0.05), and the highest content of
CPGs p < 0.05) was also measured fréinmaritimasamples. These data support the statement by
[4], thatPlantagospecies are a rich source of natural antioxid@dksvild population samples
would have passed the Pharmacopoeial lower lim@f& content (1.5% of DW, expressed as

acteoside).



It is visible from Table 1, that there is a coatedn between CPG content and AAEAC values,
established Pearson correlation coefficient waaddu9202. It seems likely, that CPGs are
involved in the antioxidant activity of the planud, an unsurprising fact if one looks at their
structure (Figure 1.). Deviation from linear coatgdn may be caused by fluctuating flavonoid
guantities and patterns (and also other polyphemold other antioxidants), and metabolite-
metabolite interactions, though the latter seenisetaegligible in the CUPRAC assay, as it was

found approximately additive for real mixtures [19]

Based on these finding, altissimacan possibly be used as an anti-inflammatory terba
medicine as a replacement®flanceolatalalso TLC pattern is virtually identical, see bejoP.
maritimais shown to be a rich source of CPGs, and prohakdypotent candidate for herbal

medicinal products. The widely usBdmajorwas shown to be less potent from this point ofwie

TLC pattern

NP / PEG visualization was proven useful for ideration of Plantagospecies.
Orange/brown fluorescent bands are likely to bedfteids (in particular, ones with for example
guercetin or myricetin aglyca [15]), as are repitegive such signal with the NP specific reagent.
It is important to note, that the method givenhia European Pharmacopoeia 6.2. as official TLC
method (visualization only by heating) for patteietermination did not distinguish the above
mentioned species (excdptmajol), all the extracts showed the same pattern. [fieation of
species was successfully accomplished, clusteysisgFigure 2.) revealed, that all species could
be separated, exceptlanceolataandP. altissimaExistence of real clusters containing only

samples from a single species is shown by high Aldas (see Figure 2.).
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TABLES

Table 1. Measured chemical parameters of leaves of five different Plantago species.
Every parameter is separately subjected to oneAM)VA, and subsequently, Tukey's HSD test.
Samples not sharing the same letter are statigtsighificant agp<0.05. CPG content values

(%w/w) are given as acteoside equivalent.; n.d.detected.

Catalpol content 'Aucubin content |AAEAC total CPG
(% wiw) (Yow/w) (umol / g DW) content (Yow/w)

P. altissima [0,66 +0,13% ? 0,55+ 0,04% 2 0,2206 + 0,0290 2 2,40 + 0,38% 2
P. lanceolata|0,89 + 0,22% ® 0,68 + 0,23% 2 0,2428 + 0,0191 22,57 + 0,56% 2
P. major n.d. 2 0,34 +0,02% P 10,1722 +0,0573 21,81 + 0,56% 2
P. maritima |n.d. 2 0,47 £+ 0,08% 2 |0,4124 +0,0701 © 4,29 + 0,91% °
p

. media n.d. ? 0,34 +£0,05% ° 0,2368 + 0,0480 #2,57 + 0,73% 2



Table 2. TLC pattern of MeOH extracts of differeRtantagospecies in the system EtOAc +
HCOOH + AcOH + water : 100+11+11+27 on silica gatisnary phase. Colors are detected under
356 nm UV illumination after spraying with NP / PEBB00 and heating. Abbreviations: V, various
(not detected in all samples), P, present, (delantall samples from the given species), ho mark,

detected in less than 50% of total samples. Intertsands are marked by bold letters.

Rf  Color P.major P.media P. altissima P. lanceolata P. maritima
0,84 light blue Vv
0,81 orange =)
0,78 orange \%

0,76 orange P =)
0,73 grey P

0,7 dark (black) P

0,68 orange \Vj \Vj
0,66 orange P

0,65 blue/green P P P P
0,61 orange P P P =)
0,57 light blue \Y P \Y

0,55 light blue =)
0,5 |blue/green P Vv P

0,44 blue/green =)
0,39 blue/green P P P

0,34 blue/green \%

0,27 blue/green \Y P \Y

0,23 dark (black) \

0,21 blue/green \Y \Y

0,18 blue/green P
0,17 light blue \Y P

0,16 dark (black) \% P



FIGURE CAPTIONS

Figure 1. Structures of selected chief metabolites fromstineiedPlantagospecies. a., aucubin b.,

catalpol c., caffeoyl phenylethanoid glycosideanphmajoside (R = Glc) and acteoside (R = Rha).
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Figure 2. Results of cluster analysis of selected, inten3iC bands (details given in text).

Values presented are approximately unbiased p-y&ié’, left), bootstrap probability (“BP”,

right).



