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Abstract:

Narrowleaf plantainRlantago lanceolata L.), marigold Calendula officinalis L.) and
shepherd’s purseC@psella bursa-pastoris L. Medik) are really popular, useful herbs for
several diseases because of their considerably dmghdiverse agent- and element
content. The manganese and iron content were igaéstl in their paramagnetic form
(Mn(ll) and Fe(lll)), as these oxidation states aeey important in human metabolism.
The paramagnetic forms of these ions were detebyedElectron Paramagnetic
Resonance (EPR) spectroscopy. For the quantitatiggysis of Mn(ll) the EPR signals
were simulated by a computer program and the caledl double integral were
compared with those of standard calibration setrethis way an effective quantitative
method was implemented in order to determine tis®labte Mn(ll) content, which can
be evolved later as a rutin technique. The Mn@htent of the infusums were measured
and these amounts were compared to the total Mtecbretermined previously by
ICP-OES. It gives rise to the possible use as diet#ake for Mn(ll). The Fe(lll)
content of the samples were investigated by frogelution EPR measurements
comparing these spectra with different Fe(lll)coexpktandard solutions. The results
pointed that Fe(lll) may exist in Fe(lll)citrate mplex in the solutions. The
concentrated, frosted infusums were prepared tohreabetter sensitivity. From this
kind of sample Cu(ll) could also be detected besill) and Fe(lll). Fe(lll) content
was also determined in ground drug samples. Matigals carried out to be the richest
plant in Fe(lll), and the next one was narrowldahgain.
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Introduction



Narrowleaf plantainFlantago lanceolata L.), marigold Calendula officinalis L.) and
shepherd’s purseCg@psella bursa-pastoris L. Medik) are really well-spread herbs all
over the world for their beneficial effects on getenflammatory diseases. They have
several active substances, and can be used fora#soal and external treatments. In
comparing with medicines, herbs are not examinedetailed, however they are used
for the same target, and their biological activagn be very similar. In regard to this,
investigation of the composition and mechanismhesée plants is necessary (Kabata-
Pendias & Mukherjee, 200%zentmihalyi et al2008).

Metal ions strongly influence the inflammatory peeses, that's why their
guantitative and qualitative information in therexts used in inflammatory diseases is
suggested to be known. The important elementsesetiprocesses were measured for
the three examined herbs by ICP-OES, and a pattvwads reported in an other article
(Rabai et al.,, 2012). They consist of a high amoohtmany essential elements,
polyphenols, flavonoids and they all have highitereducing ability.

Manganese and iron are two especially dominant exsnin human nutrition,
which play a main role in several important proessm living organisms. They both
have different oxidation forms, EPR-active formsoag them. Manganese can be
found in each cells. It is necessary for synthesispids, carbohydrates, proteins and
cholesterol, acts an important part in the metaboliof iron, and has significant
antioxidant effect. Its usual oxidation states Iarédl and 1V, which can transform into
each other. Mn(ll) and Mn(lll) can be absorbed lynlan body nevertheless the most
important metabolic form of manganese is Mn(ll) €&aihalyi et al., 2006; Kopittke
et al., 2013;Reaneay et al., 2002). Mn(ll) is theimform in blood, and its absorption
happens by active cotransport from foods (Donnerlgt2012). Manganese is in
interaction with iron, their amount is influencey &ach other. Iron is a component of
many proteins, and essential for producting norte@nd haemoglobin. It has a
significant role in function of immune and nervaystem. Only iron(ll) and (lIl) can
be found in living organisms. Metabolism of hem+gected Fe(lll) is more beneficial
than metabolism of Fe(ll) in human body, that isywton utilization is better from red
meat which is a richer source of hem-connectedllréflan other kinds of meat. A
redox reaction with manganese controls the oxidastate of iron. Less manganese
causes an increased amount of Fe(ll) and mangaxesss makes the iron oxidated
into indissoluble Fe(lll)-phosphate (Szentmihalyak, 2004).

Mn(Il) and Fe(lll) are the most important forms hmman metabolism, so the
concentration of these and other forms in thesepksmtan be a useful data taking into
account the therapeutic usage of these plant éxtfaPR spectroscopy is able to detect
species with unpaired electrons, so it is a perfeecthnique for detecting the
paramagnetic form of these elements. It is usua#igd for structural research at
physics, physico-chemistry, chemistry, geography @ther fields of life. EPR is based
on the separation of degenerated energy statepind ;1 magnetic field (electron-
Zeeman-interaction).

This report is about measuring Mn(ll) and Fe(libntent in extracts and ground
drug of narrowleaf plantain, marigold and shephergiurse. Due to previous
experiments, EPR spectroscopy was often used fecodering stress tolerance
(Labanowska et al., 2012; Bogushevich & Matveich@k09), stability (Biyik &
Tapramaz, 2009; Polat & Korkmaz,2007), oxidativabgity (Thomsen et al., 2000;
Vidovic et al., 2010; Yeretzian et al., 2013) oopisynthetic efficiency (Alberti et al.,
2000; Yoshii et al., 1999) in living agriculturdlpts, as these paramagnetic substances



can be considered as an indicator of nutritiona weather conditions (Sanyal et al.,
2012; Lisowski et al., 1993). However, only a feapprs were about measuring Fe(lll)
and Mn(ll) by EPR in plant samples (Bogushevich &tieichuk, 2009, Polovka et al.,
2003; Biyik &Tapramaz, 2010; Morsy & Khaled, 200But narrowleaf plantain,
marigold and shepherd’s purse have not been armhlys¢ from the aspect of
paramagnetic metal content. Our aim was to discdfer paramagnetic element
composition of these herbs to be able to deternthr utilization in human
consumption. We also aimed to develop a methodofogyhe measurement of these
elements.

Materials and methods

Materials. Leaves of narrowleaf plantaifPlantago lanceolata L.) were
produced by Herbéaria Patikaja, trade from the pctidg series of 07533-07534, K-
101/111. Flower of marigolddalendula officinalis L.) was originated from Adamo fitt,
Reflex Kft., 437812, 5/2010 and herba of shephepdise Capsella bursa-pastoris L.
Medik.) from the same trade, 16868090310, 4/2010.

Aqueous Extracts and Ground SamplesFreshly preparenhfusums were used
for measuring Mn(ll). An amount of 1 g drug wasdakinto 20 mL hot bidistilled
water, and was soaked for 5 min until the filterigcoholic tinctures were also
prepared with the same recipe with 10 % ethanadlecanwhich were made to stand for
10 and 20 min. For Fe(lll) measuremémist-dried samples were made from 10 g drug
taken and boiled for 5 min in 200 mL hot bidistillevater. The dried sample was
dissolved in 4 mL bidistilled water and 0.5 mL naatbl from which 10QuL sample
and 25uL methanol was filled into the capillar¢around drugs were also examined for
measuring Fe(lll).

ICP-OES Measurement Iron and maganese concentration of the samples wa
determined with an ICP-OES (inductively coupled spta optical emission
spectrometer). Type of instrument: Spectro Gen€d*sOES (Kleve, Germany). After
digestion of the samples (0.5 g from drug, 20 mlevdporated extracts) with a mixture
of nitric acid and hydrogen peroxide (10 + 4 mLygaflution with deionised water to
20 mL (extracts) or 25 mL (drug), concentration efements was determined
(Szentmihalyi & Then, 2000).

EPR Measurement.All EPR spectra were recorded with a BRUKER Elexsy
E500 spectrometer (Figure 1pfusums and Mn(Il) standard solutions were measured in
glass capillaries at 25 °C. 10-15 scans were tdkan the sample using 100 kHz
modulation frequency, 10 G modulation amplitud, &@dmW microwave power. As
Fe(lll) content was expected to be very small (@guio the previously measured ICP-
OES dat, concentrated, frost-dried samples were prepared for the EPR
measurements. To increase the sensitivity of ththade the samples were frozen in
liquid nitrogen and the measurements were perforated7 K. These measurements
were done in quartz capillary to avoid the distngoie(lll) signal of the glass. Fe(lll) is
detectable at around 1500 G with a half-field signehich belongs to the\S=2
forbidden transition.

Evaluation of the EPR Spectra.The baseline of the Mn(Il) EPR spectra was
first corrected by subtracting pure water signabrded without manganese. Then the
six-line spectra were simulated by the EPR computegram (Rockenbauer &Korecz,
1996), taking into account an electron spin quantumber $&=1/2, and nuclear spin
quantum number [=5/2, with parameters @999, A=95.5G. For quantitative



analysis, the double integration were performed tloese simulated spectra. This
allowed that even at low concentration where thsenof the spectra was higher, a
reliable integral data could be obtained. The Mrgtincentrations of thiefusums were
calculated by the help of standard concentratioieseneasuring the same way.

Fe(lll) signals were analyzed by measuring thensitees of the signal belongs
to the forbidden transition at half field (~ 1500. Goncentrations were determined by
the help of calibration standards.

Figure 1. X-band CW EPR machine

Results and discussion

Mn(Il) Determination. Mn(ll) standard solutions were made from 0.2 t6 1.
pag/mL concentrations of Mn(ll)-nitrate, and theiPE spectra were measured at room
temperature, as it is shown kKgure 2 A calibration line could be fitted from the
second integral of the EPR spectra which is relatethe paramagnetic metal ion
concentration. A good linearity is shown from 0.&mL to 1.5 pg/mL, the regression
coefficient is 0.9913 as it can be seen in Figure 3
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Figure 2. Spectra of Mn(ll) standards.
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Figure 3. Calibration of Mn(ll).

For the fresh-prepared aqueoususum made of narrowleaf plantain the
measured EPR spectrum is shown in Figure 4. Thetrsipe characteristic of the Mn(ll)
ion showed a manganese hyperfine splitting constb@6.5 G, and possibly originate
from Mn(ll)-aqua complex. The concentration couldetermined from the calibration
curve, which was found to be 0.35 pg/mL in timfusum. The total manganese
concentration was 0.658+/-0.26 pg/mL in narrowfdahtain tea according to the ICP-
OES measurement, which means that the rate of paraetic Mn(ll) to the total
manganese content is 53.19%. The rates for the exteacts are presented in Table 1.
Using ethanol extracts instead of pure water thengaaese(ll) content increased
significantly for narrowleaf plantain solution. &ll the three ethanol extracts of herbs,
we could measure higher Mn(Il) content for solusiaanding for 20 min instead of 10
min. The highest Mn(ll) content of all was found the extract of narrowleaf plantain
with 10% ethanol standing for 20 min.
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Figure 4. Mn(ll) spectrum of the narrowleaf plantain infusum.



Table 1. Total and paramagnetic concentration of maganese in different extracts

Extracts Total Mn content by  EPR result Mn(II)
ICP-OES (ug/mL) (Lg/mL) content(%)
Narrowleaf plantain 0.658 0.35 5319
(aqueous tea)
Narrowleaf plantain 10
min 10% ethanol 0.809 0.496 61.31
Narrowleaf plantain 20
min 10% ethanol 0.733 0.567 77.35
Marigold for 10 min
10% ethanol 0.386 0.159 41.19
Marigold for 20 min
10% ethanol 0.413 0.166 40.19
Shepherd's purse for
10 min 10% ethanol 0.451 0.166 36.80
Shepherd's purse 20 0.446 0.236 52 91

min 10% ethanol

Fe(lll) Determination. Thefrost-dried samples were measured at 77 K, beside
Fe(lll) and Mn(l1), Cu(ll) signal were also detedtdn the spectrum, a typical signal of
an elongated octahedral Cu(ll)complex can be dewa (Figure 5), and the Mn(ll)
lines are also noticable in frost-samples. The dbremglet background signal also
reports the presence of Fe(lll). Simulation of thest-dried sample can be seemn
Figure 6 the Fe(lll)/Cu(ll) ratio is 32 measured by EPR,il@HCP OES data show a
smaller ratio of 20.5.
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Figure 5. Spectrum of the frost-dried narrowleaf plantairugifm.
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Figure 6. Simulation of the frost-dried narrowleaf plantamfiusum (a) measured
(black) and simulated (red) curves taking into actdhe component spectra of (b)
Fe(lll) with parametersg1.97, w=560 G, g/n = 94%, (c) Mn(ll) g=1.998, g=
2.026, g=1.990, A=94.6 G, A=92.0 G, A=96.9 G, mn/n = 3% and (d) Cu(ll) ,g=
2.265,9 =2.058, A=1645G,A=7.9G, ry/n=3%.

In order to measure the concentration of Fe(hI$alution samples, a calibration
method was investigated. As the EPR spectra oflfrefintained solutions recorded at
room temperature resulted in a very broad singletsum, this measurement was not
suitable for the quantitative analysis. In frozetuson (77 K) however the half field
signal (at 1575 G, g = 4.27) in the EPR spectrddcba adequate for this purpose. For
Fe(lll) determination in thé ost-dried samples different types of Fe(lll) were solved in
bidistilled water, namely Fe(lll)nitrate, Fe(lll)anonium-sulphate, Fe(lll)-citrate,
Fe(lll)acetylacetonate, Fe(lllJammonium-oxalate, (IFehloride, Fe(lll)sulphate,
Fe(lll)oxalate and Fe(lll)oxide, in order to com@dheir line shapes (Figure 7). As the
low concentration, and therefore high backgrourghai of these spectra made the
double integration impossible, qualitative dataldoanly be determined by using the
intensities of the half field signals. The similime shape of the choosen standard
allows to use the intensity values instead of tbabie integration to determine the
concentration data. The line shape of the halfl fegnal indicates the difference
between the coordination sphere of the differer{tifeomplexes (Morsy & Khaled,
2002). The highest similarity was found with Feégitrate (Figure 7), which suppose
that for the speciation of Fe(lll) a citrate-compferm can be suggested in narrowleaf
plantain.

An Fe(lll)citrate standard series in range of 5 &80 pg/mL was freshly
prepared and measured for calibration. As a coiwlusve deduced, that the
concentration determination of Fe(lll)complexedrimzen solution is highly uncertain
owing to possible aggregation processes of Fe@ihjplexes upon freezing. Therefore
the reproducibility of the standard signal of 100/mL was only +30%. For this
quantitative data could not be obtained for Felith this method.
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Figure 7. Spectra of Fe(lll)-standard solutions.

Ground Samples. Three ground samples were also measured for deject
Fe(lll). The reproducibility of measuring groundngales at room temperature was
found to be similarly good as measuring the sohgiat room temperature. However
another problem occurs when absolute concentratiould be measured, namely that
Fe(lll) is supposed to be in cluster form in drughich means that spin-exchange
coupling occurs between adjacent spins originatingt the concentration is not
correlated any more to the double integral of gpeétor this we doubt that the absolute
concentration data of Fe(lll) could be obtainedhviltis method, however the relative
concentration can be reported, and a priority Gandrried out among these three herbs.
The values of Fe(lll) concentration can be seealle 2. The first column shows the
values came from the intensity of the half fielgrsil (1575 G, g = 4.27) referringto 1 g
ground samples. The second column is shown juaininfor representing the total iron
concentration, as ICP-OES determination is a hejteantitative analytical method. The
ICP-OES information is originated from measuremeunitsdrug samples. Marigold
sample has by far the highest Fe(lll) concentragonording to both kind of results
(EPR and ICP-OES data). Total iron content of naleaf plantain is the second
highest value, however its Fe(lll) concentratiothis lowest among these three herbs.



Table 2. Comparison of data earned by EPR and ICP-BS

Fe(lll) intensity/g

Ground (calculated) Total Fe concentration in drug
samples [A. u] by EPR [ug/g +/- SD] by ICP-OES
Marigold 2606 1721 +480
Sheperd's purse 212 208 £38
Narrowleaf
plantain 190 280 £43

The extracts and ground samples of narrowleaf giantmarigold and
shepherd’s purse were first time measured by ERIRmnto discover their paramagnetic
compounds, which are more beneficial to health tienother diamagnetic oxidation
forms. Mn(ll) EPR spectra were fitted by a compytteygram to earn precise, noiseless
data for the calculation of double integral. Foe tjuantitative analyzis of Mn(ll) the
EPR measurements of the solutions at room temperaan be suggested, instead of
frozen solution, as the reproducibility is muchheg The methodology, developed to
measure the concentration of Mn(ll), can be suggeas a rutin technique for similar
investigations. Marigold contains the less Mn(ihile narrowleaf plantain can be a
really good source of it. In case of concentratedtfdried samples beside Mn(ll) and
Fe(lll), Cu(ll) could also be detected by measuting frozen solution at 77 K. EPR is
suitable for identify Fe(lll), but under our measgr conditions, we were unable to
determine the concentration, because of bad repituitity of the measurements at 77
K. Instead, ground samples of herbs were measuradoan temperature and the
relative concentration of three different groundbisewere compared. Marigold plant
contains the most abundant Fe(lll) among them. Wuek revealed possible methods
to detect paramagnetic species in extracts andfdsrbs which can be rich sources of
important micro elements in human consumption.

References

Alberti, A., D. Macciantelli, S. Predieri and F. $& 2000. Monitoring the physiological
activity of plants by means of EPR spectroscopy(INsignals in Pinus nigra
Arnold. Trees14, 312-315.

Biyik, R. and R. Tapramaz 2009. An EPR study on i@entification of paramagnetic
species, effect of heat and sweeteners. SpectrochAicta Mol. Biomol.
Spectros74,767-770.

Biyik, R. and R. Tapramaz 2010. Transition metatsian black tea: an electron
paramagnetic resonance studiyansition Met. Chen35, 27-31.

Bogushevich, S. E. and S.V. Matveichuk 2009. Pagmeigc centers in oak and onion
extracts. J. Appl. Spectros6, 414-419.

Donner, E., T. Punshon, M.L. Guerinot and E. Lo2®l2. Functional characterisation
of metal(loid) processes in planta through the gragon of synchrotron
techniques and plant molecular biology. Anal. Balachem 402, 3287-3298.

Kabata-Pendias, A. and A.B. Mukherjee 2007. TrammEnts from Soil to Human.
Springer Verlag, Berlin, Heidelberg



Kopittke, P.M., E. Lombi, B.A. McKenna, P. Wang, Bonner, R.l. Webb, F.P.
Blamey, M.D. de Jonge, D. Paterson, D.L. Howard Bind/. Menzies 2013.
Distribution and speciation of Mn in hydrated roait§ cowpea at levels
inhibiting root growth. Physiol. Plant. 147, 453446

Labanowska, M., M. Filek, M. Kurdziel, E. Bednarska Dlubacz and H. Hartikainen
2012. Electron paramagnetic resonance spectrosdugmacterization of wheat
grains from plants of different water stress taheea J. Plant Physiol. 169,
1234-1242.

Lisowski, J., A. Jezierski and E. Bylinska 1993.RERvestigation of Mn(ll), Fe(lll)
and free-radical centers in green parts of livikanfs — effects of environmental
— pollution.Appl. Magn. Reson. 5, 15-23.

Morsy, M. A. and M.M. Khaled 200Direct electron paramagnetic resonance study of
tobacco. 1. Manganese(ll) as a marker. J. AgrimCH®, 683-686.

Morsy, M. A. and M.M. Khaled 2002. Novel EPR chaesization of the antioxidant
activity of tea leavesSpectrochim. Acta Mol. Biomol. Spectrds8, 1271-1277.

Polat, M. and M. Korkmaz 2007. Detection of irrdd@black tea (Camellia. Sinensis)
and rooibos tea (Aspalathus linearsis) by ESR spemipy. Food Chem. 107,
956-961.

Polovka, M., V. Brezova and A. Stasko 2003. Antilaxit properties of tea investigated
by EPR spectroscopy. Biophys. Cheli6, 39-56.

Rabai, M., N.V. Nagy, Z. May and K. Szentmihalyil20 Microelements is drug and
exracts of Plantago lanceolataBur. Chem. Bull. 1, 280-283.

Reaney, S. H., C.L. Kwik-Uribe and D.R. Smith 208fanganese oxidation state and
its implications for toxicityChem. Res. Toxicoll5, 1119-1126.

Rockenbauer, A. and L. Korecz 1996. Automatic cotapsimulation of ESR spectra.
Appl. Magn. Reson10, 29-43.

Sanyal, B., S. Chatterjee, P.S. Variyar and A. ®bBa012. Application of EPR
spectroscopy to identify irradiated indian meditiplant products. J. Food Sci.
77, C710-718.

Szentmihalyi, K. and M. Then 2000. Teas of Equisetba, Myrtilli folium and Salviae
folium. Acta Aliment. Hung29, 43-49.

Szentmihalyi, K., P. Vinkler, J. Balla, G. BalladaB. Lakatos 2004. A vas fiziologias
és patolégids szerepe az emberi szervezékddésében. Az Ujszllbttek
vashianyos anémigja. Orv. Hetil. 14853-1859.

Szentmihdlyi, K., P. Vinkler, J. Fodor, J. BalladaB. Lakatos2006.A mangan szerepe
az emberi szervezetitkodésébenOrv. Hetil. 147,2027-2030

Szentmihdlyi, K., M. Hajdu and M. Then 2008. Inargabiochemistry of medicinal
plants. Medicinal Aromatic Plant Sci. Biote&) 57-62.

Thomsen, M.K., D. Kristensen and L.H. Skibsted 20@&fectron spin resonance
spectroscopy for determination of the oxidativeb#ity of food lipids. J. Am.
Oil Chem. Soc. 77, 725-730.

Vidovic, S.S., 1.O. Mujic, Z.P. Zekovic, Z.D. Lemjic, V.T. Tumbas and A.l. Mujic
2010. Antioxidant properties of selected boletussihmooms. Food Biophys. 5,
49-58.

Yeretzian, C., E.C. Pascual and B. Goodman 2018biRy free radical processes
during storage of extracts from whole roasted eoffeeans: impact of O
exposure during extraction and storatjeAgric. Food Chem. 61, 3301-3305.



Yoshii, T., H. Hara, A. Kawamori, K. Akabori, M. ki and S. Itoh 1999. ESEEM
study of the location of spin-polarized chloropkyllinone radical pair in
membrane-oriented spinach photosystems | and llptas. Appl. Magn.
Reson. 16, 565-580.



