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1930 - 2015

Professor Simion Gocan, Ph.D. one of the most important
personalities in separation sciences in Romania, was born in the village of
Berindu, Cluj County, on 26 December 1930. After having graduated from
the Pedagogical High School from Cluj-Napoca in 1950, he studied at the
Faculty of Chemistry of “Babes-Bolyai” University till 1954. In 1969 he
defended his doctoral thesis entitled “Paper Thermography” under the
supervision of Prof. Candin Liteanu, Ph.D.

After graduating from “Victor Babes” University, he began his
didactic activity at the Department of Physics of the Polytechnic Institute in
Cluj-Napoca in 1954, and then he taught at the Pedagogical Institute. He
became assistant professor in 1962 and lecturer in 1963. In 1973 he
accepted a position of associated professor at the Department of Analytical
Chemistry of the Faculty of Chemistry and Chemical Engineering, “Babes-
Bolyai” University. From 1990 till 1995, when he retired, he was full
professor and head of the Analytical Chemistry Department. After having
retired, he continued to keep in touch with research as consulting professor
and in 2009 he was appointed honorary consulting professor.

Professor Simion Gocan is one of the first Romanian researchers
who understood the importance of the separation methods in analytical
chemistry. He introduced the course on Separation Methods in the faculty
curriculum, particularly developing the chromatographic techniques.

All along his career he advised numerous students on their
graduation papers. In 1990 he was accredited as a Ph.D. advisor and he
tackled numerous aspects of fundamental and applied research in
analytical chemistry. He advised thirteen doctoral students, seven of them
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“stepped into his shoes” and followed an academic career. He trained
researchers and he formed characters as well. He taught his disciples
about the “Sisyphus work” to find the accurate scientific information and
encouraged them “bond” with one another. He himself never turned down
giving a helping hand when needed. This is how he laid the foundation of
the Quality Control Laboratory for homeopathic and plant extracts analysis
at PlantExtrakt Company in Cluj-Napoca.

Professor Gocan paid special attention to his didactic activity and to the
necessity of transmitting the scientific information. He published numerous
courses, practical guides, and collections of problems: Guide for the
Electronics and Radiotechnical Laboratories (1964); General Physics Course
(1971); Analytical Methods of Separation - A Practical Guide (1977); Analytical
Chemistry Course - Separation Methods which had several editions: 1981,
1989, and 1995.

Professor Gocan authored or co-authored ten scientific books which
were published in Romania. Mention must be made of: The Fundamentals
of Adsorption Column Chromatography (1971); Liquid Chromatography
(1974); Analytical Immunochemistry (1995); Modern Methods for Organic
Samples Processing (2006). To these one must add three volumes in the
series entitled High Performance Chromatography:. Gas Chromatography
(1998), Liquid Chromatography (2002), and Thin-Layer Chromatography
(2005). Professor Gocan co-authored the ninth edition of The Romanian
Pharmacopoeia (1976) as well.

He co-authored the book Gradient Liquid Chromatography (1974) and
also authored chapters in “Modern Thin Layer Chromatography” (1990), “Water
Analysis” (2000), “Encyclopedia of Chromatography On-Line* (2001) and
“‘Advances in Chromatography’ (2006), published by prestigious scientific
publishing houses from abroad (Ellis Horwood, Marcel Dekker, and CRC Press).

Professor Gocan’s scientific activity resulted in 105 papers
published in Romania (the first one was published in 1959) and 40 papers
published in prestigious international journals (Talanta, Pure and Applied
Chemistry, Reviews in Analytical Chemistry, Journal of Chromatography A,
Chromatographia, Planar Chromatography - Modern TLC, Journal of
Pharmacology and Biomedical Analysis, and many others). He got seventeen
pattents and eight research contracts. Due to his research activity, he
became a member of numerous scientific societies of Chemistry and
Analytical Chemistry in Romania and abroad.

Professor Simion Gocan left behind not only a very valuable and rich
scientific work, but also many people who pay a respectful tribute to his memory.

Fama semper vivat!
Lector Dr. Simona Codruta Cobzac



STUDIA UBB CHEMIA, LXlI, 3, 2017 (p. 9-18)
(RECOMMENDED CITATION)
DOI:10.24193/subbchem.2017.3.01

CHARACTERIZATION OF ORTHOSIPHON STAMINEUS
BENTH EXTRACTS BY REVERSED-PHASE THIN LAYER
CHROMATOGRAPHIC METHODS

NELI-KINGA OLAH**, DANIELA HANGANU®, EDE BODOKI°, RADU
OPREAN®, CLAUDIA TOMA?, CLAUDIU MORGOVAN?, ELISABETA CHISE?,
ANDREEA BRASOVAN®, SIMONA CODRUTA AURORA COBZAC®
'SIMION GOCANF

ABSTRACT. TLC is a powerful method used for separation of complex
mixtures such as plant extracts. Employing different TLC techniques the
separations can be improved. This paper presents a study of the Orthosiphon
stamineus Benth extracts using isocratic reversed-phase thin layer
chromatography (RP-TLC) and reversed-phase automated multiple
development technique (RP-AMD). Methanol (Sl) and a mixture of methanol—
water—methyl acetate (SlIl) were used as extraction agents. Orthosiphon
stamineus Benth. belongs to the Lamiaceae family. Its leaves contain
rosmarinic acid, sinesetine and eupatorine as main compounds. After TLC
separation the bioactive compounds from plant extracts were identified by
comparison of the R; values and in situ UV-Vis spectra with those of the
standards and quantified using the calibration method. The rosmarinic acid
was better extracted in the solvent mixture methanol-water—methyl acetate
(10:10:80, v/v), while the sinesetine and eupatorine, which are more lipophilic,
were better extracted in methanol. The study revealed the AMD technique
superiority in comparison with the isocratic one.

Keywords: RP-TLC; RP-AMD; Orthosiphon stamineus Benth. extracts;
rosmarinic acid; sinesetine; eupatorine.
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INTRODUCTION

Orthosiphon stamineus Benth. belongs to the Lamiaceae family and it is
originary from Southeast Asia. Orthosiphonis folium was used from long time in
different kidney diseases. The vegetal product contains caffeic acid derivatives
(rosmarinic acid, cichoric acid, etc) and polymethoxylated flavonoids
(sinesetine, eupatorine) [1,2]. Their structure is presented in figure 1.

HO.
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Figure 1. Structure of rosmarinic acid (l), sinesetin (Il) and eupatorin (ll1)

Different techniques are used for identification and determination of
these compounds. Usually separation methods using both, column [3-5]
and planar [6-9] chromatography are preferred. Generally thin layer
analyses are carried out on silica plates. Spectrophotometric methods for
determination of caffeic acid derivatives are also used [3].

TLC is a versatile method for separating multicomponent mixtures.
The separating power of isocratic TLC can be enhanced by two-dimensional
development, multiple or automated multiple development (ADM). The AMD
technique uses a solvent gradient and several development steps to separate
compounds of widely different polarity. Most reported AMD applications
have used gradients on normal phase plates [10-19].

This paper presents the qualitative and quantitative determination of
rosmarinic acid, sinesetine and eupatorine from two extracts of Orthosiphon
stamineus Benth. using isocratic RP-TLC and RP-AMD techniques. The
identification of the separated compounds was performd based on
chromatographic (Rf values) and non-chromatographic (in situ UV-Vis
spectra) parameters. The efficiency of RP-TLC and RP-AMD separation
techniques was achieved by comparison of R; values. On the other hand,
based on quantitative analyses, the efficiency of the extraction systems
was correlated with analytes polarity.

10
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RESULTS AND DISCUSSION

The chromatograms of developed plates using both chromatographic
development methods RP-TLC and RP-AMD are presented in figure 2 and
figure 3 respectively.

Fluorescence
365 nm

Figure 2. The chromatograms obtained using the isocratic technique

UV 254 nm Fluorescence
365 nm
. Rosmarinic
Rosmarinic - acid
acid , .
Sinesetine

Eupatorine - Sinesetine T —

y | —

Eupatorine

SI SII

Figure 3. The chromatograms obtained using the AMD technique
The photodesitograms obtained by scanning the plates at 254 nm in

reflectance mode and at 400 nm in fluorescence mode (excitation wavelength
at 365 nm) are presented in Figures 4 — 6.

11
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Figure 4. The densitogram of the methanolic extract (Sl) separated by RP-TLC
development. Visualization mode: (a) UV at 254 nm; (b) fluorescence at 400 nm.

1.40E+09 1.20E+10
1,20E+09 1.00E+10
1,00E+09 2.00E+00
2,00E+08
5,00E+09
G,00E+0%
4,00E+09
4,00E+03
2 O0E+08 2,00E+09
0,00E+00 0,00E+00
-2, 00E+08 @ oo+ = 8 H Y E R ETL R
|— Extract in mixture =R oz marinic acid| |_E><tract in mixture Sines etine —Eupatorinel

Figure 5. The densitogram of the solvent mixture extract (Sll) separated by RP-TLC
development. Visualization mode: (a) UV at 254 nm, (b) fluorescence at 400 nm.
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Figure 6. The densitogram of the methanolic extract (Sl) separated by RP-AMD
development. Visualization mode: (a) UV at 254 nm; (b) fluorescence at 400 nm.
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Figure 7. The densitogram of the solvent mixture extract (Sll) separated by RP-AMD
development. Visualization mode: (a) UV at 254 nm, (b) fluorescence at 400nm.

Comparing the photodensitograms from Figure 4a with Figure 5a
and Figure 6a with Figure 7a, respectively, it can be observed a difference
between the polarities of extracted compounds. In methanol (Sl) were
extracted most non-polar compounds than by using the solvent mixture
methanol — water — methyl acetate (10:10:80, v/v), which extracted more
polar compounds. This observation is confirmed by a pronounced peak at
the start line and also by decreasing the concentration of the more polar
compounds that are located in the top area of the plate. Furthermore, it can
be observed a good separation of rosmarinic acid, a more polar compound
having a higher Rf value, from sinesetine and eupatorine - less polar
compounds that are situate in the middle zone of the plate.

On the other hand, comparing photodensitograms obtained by RP-
AMD developing method with than obtained by RP-TLC, it can be observed
a better separation efficiency achieved with the first mentioned technique.

Moreover, comparison of figures 4a with 6a and 5a with 7a,
respectively, it can be observed an increased number of separated
compounds obtained by RP-AMD vs RP-TLC method. The RP-AMD
method gives a more specific fingerprint for plant extracts.

Another important observation is that fluorescence densitometry at
400 nm has a higher specificity than UV at 254 nm. Having natural
fluorescence, sinesetine and eupatorine can be selectively identified by
fluorescence photodensitometry.

The interest compounds from extracts were identified based on
chromatographic parameter - R, which are similar with the standards ones,
in both visualization modes — fluorescence and fluorescence quenching
(Table 1).

13
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Table 1. The R; value of the separated compounds

S. C. A.COBZAC, S. GOCAN

Compound Extract type RP-TLC RP-AMD
Standard 0.94 0.73
Rosmarinic acid Methanolic extract 0.93 0.73
Extract in solvent mixture 0.94 0.73
Standard 0.54 0.43
Sinesetine Methanolic extract 0.53 0.44
Extract in solvent mixture 0.54 0.43
Standard 0.45 0.35
Eupatorine Methanolic extract 0.46 0.36
Extract in solvent mixture 0.45 0.34

Moreover, in situ UV-Vis spectra between 200 - 500 nm were
register for spots having the same R:;. The spectra of the standards
(rosmarinic acid, sinesetine and eupatorine) and their corresponding spots

from both extracts are showing similar shapes (Figures 8-10).
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Figure 8. /n situ UV-Vis spectra for rosmarinic acid (RP-AMD separation)
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Figure 9. In situ UV-Vis spectra for sinesetine (RP-AMD separation)
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Figure 10. /In situ UV-Vis spectra for eupatorine (RP-AMD separation)

Quantitative determination of the analytes was carried out by
scanning the RP-TLC plates at 254 nm. The calibration functions were
obtained by linear regression. Linear relationships between area (Y) and
analyte quantity/spot (X) were obtained (Table 2).

Table 2. Calibration curves parameters

Compound Rosmarinic acid Sinesetin Eupatorin
Working range - 0.108-0.540 1.500-6.000 1.050-4.200
concentration (mg/ml)

Working range 1.1-565 15.0-60.0 10.5-42.0
(Hg/spot)

Slope(xt*s/n'?) 3914.80(+947.62) 2690.90(+109.75) 576.84(x100.91)
Intercept(xt*s/n"?) 714.32(x339.44) 3134.50(+416.25) 207.72(x267.85)
r 0.989 0.999 0.994

The percent content (% mg/g) of rosmarinic acid, sinesetin, and
eupatorin in the studied plant, computed based on measured spot area and
the equation of calibration curve, taking in account the extract volume and
the analyzed quantity of the dry plant are presented in Table 3.

The extraction yield of rosmarinic acid - a hydrophilic compound, was
higher when SlI extraction system was used. On the other hand, when methanol
was used, more lipophilic compounds like sinesetin and eupatorin are favored.

Table 3. The contenf of rosmarinic acid, sinesetine, and eupatorine
in Orthosiphon stamineus Benth.

Rosmarinic acid Sinesetine Eupatorine

% mg/g(xt*s/n"?) % mg/g(zt*s/n"?) % mg/g(xt*s/n"?)
Methanolic extract (Sl)

0,021+(0,0004) | 0,852+(0,0154) | 0,424+(0,0071)

Extract in solvent mixture (Sll)
methanol — water — methyl acetate (1:1:8, v/v)
0,031+(0,0006) | 0,837+(0,0154) | 0,405%(0,0071)

15
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CONCLUSIONS

The two studied Orthosiphon stamineus Benth. extracts can be
characterized using reversed phase — thin layer chromatography and
automated multiple development on reversed phase, because the RP-TLC
and RP-AMD techniques show good separation of the main compounds from
Orthosiphon stamineus Benth. leaves. The separations with AMD technique
were better than those with isocratic RP-TLC. The characterization of the
studied extracts was performed by separation and identification of two main
compound classes: the caffeic acid derivatives (rosmarinic acid) respectively
the polymethoxylated flavonoids (sinesetine and eupatorine).

EXPERIMENTAL SECTION

Materials, reagents and apparatus

The experiment was perfromed using acetonitrile and methyl acetate
obtained from Roth, (Germany), methanol supplied from Euromedica
(Romania) and acetic acid from Chimopar (Romania). Rosmarinic acid (1)
was supplied from Roth (Germany), sinesetine (Il) and eupatorine (IIl) were
obtained from Extrasynthese (France). Orthosiphon stamineus Benth.
leaves were obtained from Caesar & Loretz (Germany).

TLC RP18-Kiselgel Fs4 (20x20 cm) plate used for chromatographic
separation were purchased from Merck (Germany).

There were used a Desaga AS-30 automated applicator (Germany),
a Camag AMD instrument (Muttenz Switzerland) and a Desaga CD 60
photodensitometer (Germany).

Sample Preparation

Bioactive compounds from 20 g crushed leaves of Orthosiphon
stamineus Benth were extracted by cold extraction (10 days) with 100 mL
extraction solvent. Two different systems were used for extraction: methanol
(Sl) and methanol-water-methyl acetate (10:10:80, v / v) mixture (Sll). The
second extraction system has already been optimized for a high yield of
polyphenols extraction [20,21]. Both extracts were concentrated to 10 ml.

Experimental Conditions for Isocratic RP-TLC and RP-AMD Separation

Both separations were carried out on RP-silicagel plates. Methanolic
solutions of rosmarinic acid (1.08 mg/mL), sinesetine (6.00 mg/mL) and
eupatorine (4.20 mg/mL) were used as standards. 20 uL of each sample and

10 uL from each standard solution were applied as bands (1 cm) using an
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automated applicator. Isocratic elution was performed in normal chamber
using the mixture acetonitrile — water — acetic acid (55:44:1, v/v) as mobile
phase. The developing distance was 8 cm. Gradient elution for RP-AMD
was performed in 12 steps, on 8 cm (final developing distance), with
acetonitrile — water — acetic mixtures of different composition, starting with
the most polar one (Table 4).

Table 4. Mobile phase for AMD

Bottle no. 1 2 3 4 5
Steps no. 1-2 34 5-6 7-9 10-12
Water 79 69 59 49 39
Acetonitrile 20 30 40 50 60
Acetic acid 1 1 1 1 1

The scanning densitometry of the plates was performed at 254 nm
and at 400 nm in fluorescence mode (excitation wavelength - 365 nm). The
in situ UV-Vis spectra of sinesetin, eupatorin and rosmarinic acid spots
from standards and extracts were obtained in the range of 200 - 500 nm.

The quantitative analyses were performed using calibration curves
of three standards determined in the same chromatographic conditions as
the isocratic analyses were performed. All determinations were made in
triplicate and the result is the average of the individual values.
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ABSTRACT. Considering the international situation regarding the
residues of pesticides in vegetables and fruits and the requirement for
sensitive and reliable analytical methods that are able to ensure the
compliance of marketed food commodities with the law on food safety,
the aim of this paper was the identification and determination of some
degradation products and metabolites of ten most often used pesticides.
Two analytical approaches are proposed and used for the development
of reliable screening, quantification and confirmation of pesticides
metabolites in different vegetables. The proposed methods have different
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the extensive investigation of previously undetectable or unknown
pesticide metabolites in vegetables. These methods were tested on
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INTRODUCTION

The pesticides are widespread used in modern agriculture leading to
the contamination of waters, soil or vegetables. In the European Union (EU)
the approval of pesticides and their use are strictly regulated [1, 2], the
authorities trying to reduce the number of such permitted products. Any
formulated pesticide product includes active ingredients and passive
ingredients, the active ingredients being the toxic components. The active
ingredients of some pesticides are absorbed by plants and animals and are
converted by biotransformation in lethal substances. These substances,
known as metabolites, are produced by chemical reactions that naturally occur
in the cell metabolism, which in case of vegetables may depend on type of
plant, plant vigour and temperature [3, 4]. Also, these metabolites can appear
not only in metabolic pathway, but also during the analysis of pesticides as a
result of the setting of some instruments parameters. Although these
compounds are actually degradation products, in some research papers they
have been included in the same category with metabolism metabolites [5-11].

Usually, after separation and identification of compounds by specific
analytical methods, especially chromatographic methods, the authentication of
metabolites and degradation products is made by isotopic marking. The
manufacturer must specify in the safety sheet of each pesticide any confirmed
metabolites that may occur, together with the technical characteristics and the
metabolic pathway in plants, animals, soil, air, water [4]. However, an important
challenge is to detect untargeted compounds and to determine their identity in
foods. Therefore, the development of advanced analytical techniques is
expected to play a crucial role [12]. Moreover, in order to establish the MRL-s
the European Food Safety Authority (EFSA) take into account that no
information regarding the storage stability of pesticides, and their metabolism
and residues in crops. The MRL of different pesticides are reposted as sum of
parent pesticide and its metabolites or isomers. Thus, in the case of no
availability of validated analytical methods for degradation products, only the
concentration of parent pesticide is reported, those of degradation products
being not counted.

Based on the information available on safety sheets and other articles
on this topic [4, 5, 13-17] the most common metabolites and degradation
products of ten most used pesticides for plant protection treatments in
Romania were selected for development of multi-methods for analysis of
various representative matrices. The chosen pesticides were the following:
azoxystrobin, iprodione, captan, thiophanate-methyl, carbendazim, folpet,
dicofol, dimethoate, fenarimol and bromopropylate.

Considering the international situation regarding the residues of
pesticides in vegetables and fruits, the aim of this paper was the identification
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and determination of some degradation products and metabolites of ten most
often used pesticides, therewith answering to the important requirements in
approaching of exposure to pesticides and health risk. Also, sensitive and
reliable analytical methods for the determination of pesticide residues are
required to ensure the compliance of marketed food commodities with the
law on food safety [18]. The proposed methods allow the extensive
investigation of previously undetectable or unknown pesticide metabolites
in vegetables. Because only a limited number of these metabolites have
been analyzed before and they have a great structural diversity, the general
aspects concerning chromatographic separation and the specific conditions
for analysis of target compounds were deduced.

The developed methods were tested on cherry tomato, cucumber, and
chili pepper, some of the most widely consumed vegetables. Although the
crops are suited for pesticide free or organic cultivation efficient and profitable
crop protection most often relies on the use of synthetic pesticides [19].

RESULTS AND DISCUSSION

This study aims to analyse metabolites of various pesticides from
quite different classes, namely fungicides, insecticides/acaricides. The used
pesticides exert specific effects on all selected vegetables. The studied
pesticides and their metabolites have different physical and chemical
properties, some of them (i.e. captan, folpet, and dicofol) being a real
challenge for any analyst due to their sensitivity to certain pH and high
temperature values. The metabolites are from the so-called “relevant and
non-relevant metabolites”, relevancy based upon a risk assessment as
prescribed in Directive 91/414/EEC [2]. The metabolites of the following
pesticides are analysed using either GC-MS or LC-MS techniques.

Captan ((3aR,7aS)-2-[(trichloromethyl)  sulfanyl] -3a,4,7,7a-
tetrahydro-1H-isoindole-1,3(2H)-dione) is quickly decomposed in plants, but
its fungitoxic activity does not disappear because one of its metabolites
seems to have antifungal properties [4]. The main degradation products of
captan are tetrahydrophthalimide (THPI) and thiophosgene, which can
be identified and quantified by GC. Besides these compounds, due to
thermo-sensitivity of captan other degradation products may occur during
analysis [8, 9]. The MRL for captan is reported as sum of captan and THPI
quantities. Any validated analytical method does not exist for THPI and
analytical standard is commercial available only from 2016.

Dicofol (2,2,2-trichloro-1,1-bis(4-chlorophenyl) ethanol) is an
analogue of dichlorodiphenyltrichloroethane (DDT), but the replacing of the
hydrogen atom from the first position with a hydroxyl group lead to essential
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changes in chemical properties of the molecule and to the increasing of
their volatility. The molecule is quickly degraded under temperature or by
hydrolysis, resulting 4,4'-dichlorobenzophenone, the major metabolite of
dicofol. This metabolite was identified and quantified in plants by GC-MS [4,
8]. The MRL is reported as sum of isomers.

The main metabolite of folpet (N-(trichloormethylthio) ftalimide),
produced in plants as a result of photolysis, is phthalimide, which was
identified and determined by GC-MS [4, 8, 9]. The MRL for folpet is given as
sum of quantities of folpet and phtalimide, for phtalimide being no analytical
standard available on the market.

Iprodione (3-(3,5-dichlorophenyl)-N-isopropyl-2,4-dioxoimidazoli dine-
1-carboxamide) is stable only at pH below 5, being rapidly degraded in
aqueous or alcaline solution [7]. Its structure is similar to procymidone and
vinclozolin, so it may be metabolized like these pesticides to 3,5-
dichloroaniline (3,5-DCA), a metabolites that can be determined by GC-
MS [8]. The MRL for iprodione is given as sum of quantities of iprodion and
all its metabolites that contain 3,5-dicloroaniline moiety.

Regarding fenarimol ((RS)-2,4'-dichloro-a-(pyrimidin-5-yl) benz-
hydryl alcohol), the main metabolites identified in vegetables and fruits
were dehidroxyfenarimol and 2,4'-dichlorobenzophenone that could be
analyzed so far only by LC-MS due to their thermo-sensitivity [10]. In the
establishing of MRL only the parent pesticide is taken into account although
its degradation product almost always is present with this.

The metabolism pathway of bromopropylate (iso-propyl bis(4-
bromophenyl)(hydroxy) acetate) in plants shows that it slightly penetrates the
leaves or fruit, its identified metabolite being 4,4'-dibromobenzophenone
[11]. Only the parent pesticide is taken into account for MRL establishing.

3,4-Dichlophenyl isocyanate is known as metabolite of diuron, but
is also used for some pesticide synthesis so that is very likely to be
encountered in the analysis of these pesticides.

The most known metabolite of dimethoate (O,O-dimethyl S-[2-
(methylamino)-2-oxoethyl] dithiophosphate) is omethoate (dimethoate Oxon),
but on the plant metabolic pathway dimethoate carboxylic acid, omethoate
carboxylic acid and des-O-methyl-dimethoate carboxylic acid are also
obtained. These metabolites can be analyzed by TLC, HPLC-UV or LC-MS
[4, 8]. The omethoate can be determined by validated analytical methods
because it is available as analytical standard and the MRL is reported as
the sum of dimethoate and omethoate expressed as dimethoate.

Carbendazim ((methyl 2- benzimidazole carbamate) or MBC) is the
primary metabolite of thiophanate-methyl (dimethyl 4,4’-(o-phenylene)bis(3-
thioallophanate)) whose conversion speed depends on the pH and
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temperature of environment. This conversion is fast in plants, being
catalyzed by sunlight, the metabolism being also accelerated by fungus [4,
9]. Most residual analysis of thiophanate-methyl and carbendazim was done
by HPLC-UV, derivated spectrophotometric methods or LC-MS-MS with
different pre-treatment of the samples [8]. In the case of some vegetables
and fruits the MRL for carbendazim is reported as sum of carbendazim and
benomil and in for other vegetables and fruits as sum of carbendazim and
thiophanate-methyl, being expressed in both cases as carbendazim.

Azoxystrobin  (methyl (2E)-2-(2-{[6-(2-cyanophenoxy)pyrimidin-4-
ylloxy}phenyl)-3-methoxyacrylate) is degraded both on leaf surface by
photolysis and by metabolic pathway of treated plant, resulting compounds that
have not toxicological effect and significant antifungal activity At least fifteen
metabolites of azoxystrobin were identified in plant, the most important being
the azoxystrobin acid and the azoxystrobin metabolite Z that occur more
often in water. Other metabolites, such as metabolite M (4-(2 cyanophenoxy)-
6- hydroxypyrimidine), metabolite B (E (2-{2-[6-(2-cianofenoxi)pirimidin-4-
iloxiJfenil}-3-metoxiacrilat), metabolite D (isomer of metabolite B), metabolite F
(2- hydroxybenzonitrile) and metabolite L (2-{2-[6-(2- cyanophenoxy) pyrimidin-
4-yloxy] phenyl} glycolic acid) were identified in rice, wheat, grapes and peanuts
by TLC, HPLC, LC-MS or GC [6]. The MRL is established using only the parent
pesticides, its metabolites being not considered.

The choice of the extraction method

The extraction of target compounds is the most important step of
pesticides residues and metabolites determination. Therefore, the finding
an appropriate extraction method which provide an almost "clean" extract
that not influence the sensibility and selectivity of determination is
absolutely necessary. Also, the extraction method must be able to remove
most of the co-extractable compounds and can be applied to wide variety of
pesticides [20, 21]. Co-extractable compounds, such as lipids, dyes and
non-polar compounds are always present when pesticides are extracted
from vegetables. The presence of these compounds cause different
problems in the further analysis, including the emulsifying, turbidity, the
contamination of devices and, the most important one being the masking of
the target compounds. Commonly, the co-extractable compounds are
removed from the extract by different methods.

The extraction method is chosen on the basis of the recoveries
obtained on a control spiked samples (Table 1). The values of recoveries are
statistically compared (t-test for pair values) using GraphPad InStat statistical
program.
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Table 1. Recovery rates of pesticides and their metabolites in spiked samples

Recovery rate (%)
Vegetables Cucumbers Cherry tomatoes Chili peppers
Extraction method| QUEChERS | Mini-Luke | QUEChERS |Mini-Luke |QUEChERS| Mini-Luke
Pesticide modified | modified | modified | modified | modified | modified
Tetrahydro- 45 60 47 57 64 72
phthalimide
Thiophosgene 32 99 30 102 34 106
4,4'-Dichloro- 74 44 113 42 92 40
benzophenone
Phthalimide 57 70 41 73 54 62
2,4'-Dichloro- 66 58 69 59 67 56
benzophenone
Omethoate 75 82 35 60 20 39
Carbendazim 74 136 50 100 78 154
Azoxystrobin acid 75 103 75 85 116 83
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Figure 1. Co-extractive compounds found in the cucumber extracts
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Also, the LOQ values and the chromatographic peak shapes are taken
into account for certain decisions. The main goal is to provide adequate and
reproducible recovery rates for analyzed metabolites and to improve the
extraction and stability of challenging compounds. Moreover, the presence of
co-extractable compounds must be taken into account because lot of them
may appear in the extracts obtained after both methods (e.g. Figure 1).

Thus, modified QUEChERS method gives higher recoveries than
modified MINILUKE method in the case of 4,4'-dichlorobenzophenone and
azoxystrobin acid, while for thiophosgene and phthalimide the most efficient
extraction method has been found to be the modified MINILUKE. In some
cases (e.g. tetrahydrophthalimide and omethoate) both method give
comparable recovery rates for all spiked samples and the characteristics of
chromatographic peaks are taken into account for choosing the appropriate
extraction method. In these cases the modified QUEChERS method is
preferable to be used because the chromatographic peaks are well resolved
and the matrix background is almost non-existent (Figure 2). For 24-
dichlorobenzophenone both methods give similar results in terms of recovery
rate and peak shapes. Unlike these metabolites, the 44
dibrombenzophenone and 3,4-dichlorophenyl isocyanate can be extracted
only by modified MINILUKE method and for 3,5-dichloroaniline merely buffered
QUECHERS method has been proven to be effective. These three
compounds do not appear in the resulting extract, being extractable only by
specified method. Regarding carbendazim, the buffered QUECHERS method
is preferred although the MINILUKE method provides better results, but that
can be influenced by co-extractable compounds, especially chlorophyill.
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Figure 2. GC separation of pesticides standards
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GC-TOF-MS analysis

The metabolites analyzed by GC-TOF-MS are the following:
tetrahydrophthalimide, thiophosgene, 4,4'-dichlorobenzophenone, phthalimide,
3,5-dichloroaniline, 4,4'-dibrombenzophenone, 2,4-dichlorobenzophenone
and 3,4-dichlophenyl isocyanate. These metabolites are the most important
as a result of the metabolic pathways of tested pesticides. The GC
separation also shows other degradation products, but their similarities with
mass spectra from libraries were below the relevant limit values imposed by
the regulations in force.

The GC-TOF-MS assay is performed using the previously developed
and validated method for 85 pesticides analysis from various fruits and
vegetables, including the parent pesticides of the target metabolites [22]. Each
compound is identified and quantified using the retention times, by monitoring
three selected m/z ions (Table 2) and by comparing registered mass spectra
with those from ten spectra libraries (overlap of at least 70%).

Table 2. The analyzed metabolites, retention time (RT), and specific ions/MRM
transitions used for quantification (m/z)

Technique Metabolite Retention lons (m/z)[Transitions
time (s)
GC-TOF-MS Tetrahydrophthalimide 634.98 79, 123, 151
Thiophosgene 953.00 79, 114
4,4'-Dichlorobenzophenone 881.88 75,111, 139
Phthalimide 668.63 76, 104, 147
3,5-Dichloroaniline 464.38 121, 161
4,4'-Dibrombenzophenone 1024.50 76, 183, 340
2,4-Dichlorobenzophenone 821.75 75,111, 139
3,4-Dichlorophenylisocyanate 390.13 113, 159, 187
LC-MS-QQQ Omethoate 60.60 214 — 125, 214 — 183
Carbendazim 66.00 192 — 160, 192 — 132
Azoxystrobin acid 1041.00 404 — 372, 404 — 344

Tetrahydrophthalimide is the most important metabolite of captan
and occurs due to thermal degradation of the parent pesticide that is also
favored by the increasing temperature in GC analysis and by the pH of
analyzed extract. Thiophosgene is a metabolite of captan too, but not so
well known and analyzed as tetrahydrophthalimide. Unfortunately, for these
metabolites has not been regulated as residues in vegetables and fruits,
none Maximum Residue Limits (MRL) being specified. The 4,4'-
dichlorobenzophenone, primary metabolite of dicofol, can be identified and
quantified only by GC. This compound appears in all GC analysis of dicofol
together with its isomer 2,4'-dichlorobenzophenone, which is the main
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metabolite of fenarimol as well. Phthalimide is the most important metabolite
of folpet and, as in the case of metabolites of captan, it appears in the GC
analysis of the parent active substance. In the last years a growing interest is
dedicated to this degradation product of captan. International regulations do
not assign any MRL for phthalimide and, moreover, this metabolite is not
included in the maximum permissible limit of folpet as its degradation
product. Nevertheless, in the reports for European Food Safety Authority
(EFSA) these compounds must be mentioned as metabolites of the parent
pesticides. The 3,5-dichloroaniline is the main metabolite of iprodione,
occurring also as a degradation product of vinclozolin and procymidone.
Recently, this compound is used as a biomarker of iprodione and vinclozolin
in human urine [23], thus the possibility to be included on the regulations of
pesticides in vegetables in the near future is forthcoming. The 24-
dichlorobenzophenone is the main metabolite of fenarimol and a secondary
metabolite of dicofol, but it is not always identified from samples in which one
of parent pesticide are determined. Literature indicates [24] that 3,4-
dichlorophenylisocyanate is the metabolite of diuron, but this compound is
also used as an intermediate substance for the pesticides manufacture, so
is difficult to determine with accuracy its provenance.

LC-MS-QQQ analysis

Nowadays, a high-performance liquid chromatography coupled with
a QQQ tandem mass spectrometer, working in the multiple reaction
monitoring (MRM) mode, is the most frequently platform used in the
analysis of pesticide residues in food [18].

The following metabolites are analyzed by LC-MS-QQQ: omethoate,
carbendazim and azoxystrobin acid. The target compounds are identified and
quantified on the basis of retention time and two Multiple Reaction
Monitoring (MRM) transitions (Table 2). The target metabolites cannot be
analysed by GC-TOF-MS.

Omethoate is the main and most common metabolite of dimethoate.
Although the dimethoate can be successfully quantified by GC-TOF-MS, its
metabolite, omethoate, cannot be easily analyzed by same technique and its
identification can be made only at certain concentration levels. The
carbendazim, a pesticid that is not approved for vegetables, is at the same
time a metabolite or degradation product of thiophanate methyl and benomyl,
two pesticides often used for the vegetables protection treatments.
Carbendazim, a very polar compound determined only by LC [8, 13], could
generate some problems in the multiresidue analysis on reverse phase.
The azoxystrobin acid occurs by degradation of azoxystrobin, being his major
identified metabolite.
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Determination of metabolites in real samples

For testing the applicability of the developed multiresidues methods
to a variety of vegetable matrices, three different vegetables from “high
content water” commodity of food were selected: cherry tomato, cucumber,
and chili pepper.

The quantification of metabolites on samples was done on the basis
of calibration curves that are presented in Table 3. The compounds that do
not fulfill the criteria of quantification are declared "only identified". The results
were expressed as mg of pesticide/kg of vegetable.

Tetrahydrophthalimide is identified in cherry tomatoes, cucumber
and chili peppers, the overlapping of the obtained spectrum with that of
library being 83.7%, 95.1% and 91.4% respectively.

Table 3. The obtained quantities of target compounds found in the analyzed real
samples (mg/kg)

Metabolite | Calibration r Cherry tomatoes Cucumbers Chili peppers

curve T T2 T1 T2 T1 T2

3d | 10d | 3d [ 10d | 3d | 10d | 3d | 10d | 3d | 10d | 3d | 10d

Tetrahydroph |y=776.042x-| 0.9974 |0.558|0.286|0.283(0.168|0.319|0.138(1.741(1.140|1.988|1.061(1.915|0.172
thalimide 7642.850

Thiophosgene| y=65.340x- | 0.9959 [0.521(0.181|2.089(1.330(2.161|0.966|1.127|0.309(0.272| - |0.335| -
1841.630
4.4'- y=453.338x | 0.9971 |0.127{0.060(0.196|0.068|0.425|0.250(0.317|0.103|0.208{0.088 |0.310|0.065
Dichloroben | +624.167
zophenone
Phthalimide |y=874.344x-| 0.9961 |3.569(1.823|1.937(1.200|5.168|1.450(1.509|0.812|4.833|1.163|4.670|1.110
30363.200
3,5- Only - yes | yes | yes | yes - - - - - - - -
Dichloroaniline | identified
4,4'- Only - yes | yes | yes | yes - - - - - - - -
Dibromoben | identified
zophenone
2,4- Only - yes | yes | yes | yes - - - - yes | yes | yes | yes
Dichloroben | identified
zophenone
3,4- Only - yes | yes | yes | yes - - - - - - - -

Dichlorophen | identified
ylisocyanate
Omethoate | y=650.488x | 0.9987 |<LOQ|<LOQ |<LOQ|<LOQ|0.057{0.013|0.068|0.011|0.040{0.020(0.032|0.038

+805.569
Carbendazim| y=333.652x | 0.9972 |<LOQ|<LOQ|<LOQ|<LOQ|0.020|0.000|0.040{0.000|0.090|0.060|0.080|0.060
+1573.087
Azoxystrobin Only - yes | yes | yes | yes | yes - - - yes - - -
acid identified

The degradation of captan is fast being facilitated by humidity and
moderate temperature of soil and air. This can explain the higher
concentrations of tetrahydrophthalimide, especially in chili peppers.

In this study, thiophosgene was identified and subsequently
quantified in cherry tomatoes, cucumber and chili peppers (91.0%, 87.2%
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and 90.4% overlap of the spectra). It must be mention that this metabolite
disappears from chili pepper after 10 days.

It is interesting to compare the degradation of pesticide and its
metabolites. For example, Figure 3 represented the degradation curves of
captan, tetrahydrophthalimide and thiophosgene, where it can be seen that
thiophosgene tends to accumulate much more than the other metabolite
from one treatment to another. This trend was not maintained in the case of
cucumbers, concentration of tetrahydrophthalimide being higher than the
thiophosgene. In chili peppers, it seems that the metabolism and
elimination is rapid, so that after 10 days the parent pesticide and its
metabolites are not present in the sample.

= \ —p— captan
15 e —l— tetrahydrophtalimide

thiophosgene
1

l—.___.___-

T2 3d T2 10d T215d

concentration {mgfkg)

Figure 3. The degradation curves of captan, tetrahydrophthalimide and
thiophosgene

The 4,4'-dichlorobenzophenone is determined in cherry tomatoes,
cucumber and chili peppers, the spectra similarities being between 87.7% and
96.6%. The concentrations of 4,4'-dichlorobenzophenone are much smaller
than those of dicofol proving once again the persistence of this pesticide.

The phthalimide is determined in all analyzed real samples with
probability of 80.9% - 97.3%. The degradation shows the same descending
trend as pesticide whose metabolite is and is more rapid in cucumbers and chili
peppers than in cherry tomatoes. The most important factors that influence its
determination can be the organic extract composition and the pH value.

The 3,5-dichloroaniline, 4,4'-dibromobenzophenone and 3,4-
dichlorophenylisocyanate are identified by proposed GC method only in
cherry tomatoes. This fact is probably due to the more acidic pH of cherry
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tomatoes and/or to the different metabolic pathway of parent pesticides in
the studied vegetables. According to the Center for Food Safety and
Applied Nutrition at the U.S. Food and Drug Administration, the pH of fresh
vegetables is into the range of 4.3-4.9 for tomatoes, 5.1-5.7 for cucumbers
and 4.9 - 6.1 for chili peppers.

The 2,4-dichlorobenzophenone is identified in cherry tomatoes and
chili peppers with a probability of 85.1%.

Omethoate is determined only in cucumbers and chili pepper, while
in cherry tomatoes being below LOQ.

Carbendazim as metabolite, is determined in the cucumbers and
the chili peppers, but its degradation is more accelerated in cucumbers
being absent after ten days from both treatments. The situation of
carbendazim in chili pepper must be mention. It is well known that the LMA
for thiophanate-methyl is expressed as sum of thiophanate-methyl and
carbendazim, while in the EFSA reports the carbendazim can be reported
as stand-alone substance. The LMA is 0.1mg/kg after the release time of 3
days. The experimental value obtained after three days subsequent to
treatment Il is below LMA (0.08<0.1), but if the quantity of thiophanate-methyl
is taken into consideration, the resulted value exceed LMA (0.136>0.1).

As in the situation of omethoate, the residue of this metabolite within
the cherry tomatoes is minor being below LOQ.

Azoxystrobin acid is identified in all real samples, but unlike cherry
tomatoes, in which is present in all samples, in the cucumbers and the chili
peppers is identified only in the samples taken after three days from
treatment. This fact leads us to conclude that the azoxystrobin acid is
rapidly eliminated from cucumbers and chili peppers.

Concluding, in the cherry tomatoes six metabolites can be
quantified, but all of them are below LMA values. Besides these, other five
metabolites are identified. In the case of the cucumbers, six metabolites are
quantified, all being below LMA, and another one metabolite is only
identified. Regarding chili pepper, six pesticides have been determined and
two other metabolites have been only identified. The concentration of
metabolites in studied vegetables is lower than that is considered safe.

CONCLUSIONS

Two analytical approaches are used for the development of reliable
screening, quantification and confirmation of pesticides metabolites in
different vegetables. The proposed methods have different approaches
than the other multi-residue methods for vegetables. A combination between
proper extraction method and gas and liquid chromatography coupled with
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mass spectrometry detection ensure a quick, cheap, effective, rugged, and
safe multi-residue method for the analysis of pesticide metabolites.

The results suggests that spraying pesticides in high doses lead to
high levels of pesticide residues in the case of some studied vegetables and
should be discouraged because it may facilitate the emergence of various
diseases.

The results suggest that the concentration of metabolites together
concentration of parent pesticide must be taken into account in order to
establish the LMA in vegetables and fruits.

EXPERIMENTAL SECTION
Materials and reagents

The cherry tomatoes, cucumbers and chili pepper were selected as
representative matrices. The vegetables used in this study were grown in
our garden. Two treatments for plant protection with solution of chosen
pesticides were applied when the fruits of vegetables were grown at a rate of
10%. The solutions of each pesticide were prepared according to the
instructions given by manufacturers for each type of plant culture. The
plants were treated with pesticides by spraying with a hand pump dispenser
just as the practice of small producers. The time between treatments was
twenty days and the samples were taken after three and ten after each
treatment. The sampling times were chosen according to the release time
of tested pesticides.

All pesticides standards were of analytical grade and were
purchased from Sigma-Aldrich (Munich, Germany). The stock solution of
standards (1000ug/mL of each pesticide) was prepared in toluene for GC
analysis and in acetonitrile for LC analysis and was stored at -18°C. A
standards solution of intermediary concentration (5ug/mL) and the working
standards solutions were prepared by dilution of stock solutions with iso-
octane - toluene, 9:1 (v/v) for GC analysis and with acetonitrile - water, 1:1
(v/v) for LC analysis. Solution of hexachlorobenzene (HCB) (0.2 pg/mL)
was prepared in iso-octane - toluene, 9:1 (v/v) and was used as internal
standard (IS) for GC-MS analysis. In the case of LC-MS analysis no
internal standard was used.

GC calibration curves were constructed at seven levels of
concentration, namely 0.01-0.03-0.06-0.09-0.27-0.54-0.81 pg/mL and LC
calibration curves were made at five levels of calibration between 0.01 and
0.4 pg/mL. The calibrations were made on equally standard solutions and
fortified samples (cherry tomatoes, cucumber and peppers) subjected to
both extraction methods.
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All solvents of analytical grade (acetonitrile, acetone, dichloromethane,
petroleum ether, methanol, toluene, iso-octane, acetic acid, formic acid) and
anhydrous magnesium sulphate, sodium chloride, sodium acetate were
purchased from Sigma-Aldrich (Munich, Germany). Primary-secondary
amine (PSA) and PSA dispersive SPE Clean-up tubes (dSPE) were
purchased from Supelco, USA and 0.2 ym RC filters were purchased from
Whatman, Germany.

Sample preparation

Modified MINILUKE method

Into a 150mL polypropylene centrifuge tube, 10mL acetone, 10mL
dichloromethane and 10mL petroleum ether were added to 10g of each
sample accurately weighted. The sample was extracted for 2min at 15.000rpm
using an Ultraturax homogenizer and then it was centrifuged for 5min at
4000rpm. The entire upper organic phase was evaporated near to dryness on
vacuum evaporator at 40°C. The residue was re-dissolved in 2mL jso-octane -
toluene, 9:1 (v/v) together with HCB (0.2ug/mL) and analyzed by GC-TOF/MS
after filtered through RC 0.2 um. In the case of LC- MS/MS method, the
residue obtained after evaporation procedure was re-dissolved in 2 mL
acetonitrile - water, 1:1 (v/v) and filtered through RC 0.2um before analysis.

Buffered QUECHERS method

Into a 100mL polypropylene centrifuge tube, 10mL acetonitrile acidified
with 1% acetic acid was added to 10g of each sample. In the case of GC
analysis 200uL of HCB solution (10pg/mL) was also added as internal
standard. To the extracted sample obtained using an Ultraturax homogenizer
(15.000rpm for 1min), 4g MgSQ,, 1g NaCl and 1g CH;COONa were added.
Then, the resulting mixture was shaken for 1min and centrifuged for 5min at
4000rpm. An aliquot of 6mL extract was transfer into a 20mL PSA cartrige tube
which 150mg PSA and 900mg MgSO, were previously added. The resulting
mixture was shacked for few seconds, centrifuged for 5min at 4000rpm and
then 1 mL of extract was evaporated under N, steam. The obtained residue
was re-dissolved in iso-octane - toluene, 9:1 (v/v) for GC-TOF/MS analysis and
in 1mL acetonitrile - water, 1:1 (v/v) for LC analysis. In both cases the re-
dissolved residues were filtered through RC 0.2 um before analysis.

Chromatographic analysis
GC-TOF-MS

An Agilent 6890 series gas chromatograph with two ovens, Agilent
7683 series Autosampler and a split/splitless capillary injector port equipped
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with a LECO Pegasus Time-of-Flight Mass Spectrometer (TOF-MS) (USA)
was used for GC-MS analysis. Chromatographic separation was achieved
on two capillary columns, first RXi-MS 30m x 0.25mm x 0.25um (Restek,
USA) and second BPX50 1.6m x 0.1mm x 0.1ym (SGE Analytical Science,
Australia). The injector temperature was 250°C and splitless injection was
performed using helium as carrier gas with a flow rate of 1.2 mL/min. The
ovens temperatures were programmed without modulation as follow: oven
1-80°C initial temperature for 2 min, increasing rate of 20°C/min to 180°C,
5°C/min to 220° C, 25°C/min to 300°C where is held for 10min; oven 2-
110°C initial temperature for 2 min, 20°C/min to 210°C, 5°C/min to 250°C,
25°C/min to 330°C and held at this temperature for 10min. The injection
volume was 1pL. The mass spectrometer was operated in electron ionization
mode (El) and full scan mode monitoring between m/z 40 and m/z 450, with
ionization energy of 70eV and acquisition rate of 10spectra/second. The
transfer line temperature was kept at 280°C.

LC-MS-QQQ

For LC-MS analysis, an AGILENT liquid chromatograph equipped with
a quaternary pump model 1200, autosampler and a mass spectrometer triple
quadrupole AGILENT 6410A, ionization source type Multi mode ionization
(MMI), with electrospray ionization (ESI) in the positive mode were used.

Separation was performed at 25°C on a Zorbax Eclipse XDB-C18,
1.8 ym, 4.6x50mm column (Agilent). 10uL of sample was injected and the
mobile phases consisting of 0.1% formic acid in water (A) and acetonitrile
(B) with a flow rate of 0.4 mL/min were used. The elution gradient was: 20-
80% B at 0-28min, 80-100% B at 28-30min, kept this for 1min, 100-20% B
at 31-33min and then kept 20% B for 2min. The fragmentation energy and
the collision energy were between 70-120V and 5-20eV, respectively, being
specific of each pesticide. Working parameters were set as follow: capillary
voltage 2500V, the temperature of the gas in the ion source 350°C, the
nebulizer pressure 60psi and the drying gas flow 5L/min. Nitrogen was
used as nebulization, desolvation and collision gas.
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1. INTRODUCTION

Leachate is the liquid generated by the percolation of rainwater
through the layers of wastes in municipal landfill site. This product can
contain both organic and inorganic substances, released from the material
deposited or as the result of biotic and abiotic reactions [1-2].

The basal composition of leachates is characterized by dissolved
organic matter, xenobiotic organic compounds, inorganic salts, ammonia,
heavy metals and other toxicants which are potentially harmful to human
and animal health [1, 3].

More than 200 organic compounds have been identified as being
dissolved in municipal landfill leachate with upwards of 35 compounds having
the potential to cause harm to the environment and human health [4].

The most organic hazardous classes of compounds identified in the
municipal landfill leachate are aromatic compounds, chlorinated aliphatic
compounds, aliphatic and aromatic acids, polycyclic aromatic hydrocarbons,
aldehydes, ketones, terpenes, phenols, phthalates, pesticides, nitrogen
containing compounds, organo-phosphoric flame retardants, mercaptans
etc. [5-7].

Near the dissolved chemical compounds, municipal landfills are also a
potential source of offensive odors which make the areas in the proximity of
landfills vulnerable not only to the emissions of potential toxic compounds but
also to the nuisance such as odor pollution [8]. The odorous compounds
generated by municipal landfill contain generally six classes of substances such
as: saturated and unsaturated hydrocarbons, acidic hydrocarbons and organic
alcohols, aromatic hydrocarbons, halogenated compounds, sulfur compounds
(carbon disulfide and mercaptans), and inorganic compounds [7, 9]. Some of
these compounds represent odors causing annoyance for the population, other
compounds can be toxic for human and animal health (psychological stress,
irritation of mucous membranes, long-term toxic reactions) [10] or can be
precursors of photochemical smog formation [9]. From these reasons in the last
decades many scientists have been paid attention to the characterization of
volatile organic compounds emitted from the municipal landfill.

Over 500 compounds have been reported in landfill gas, these
compounds including alkanes and alkenes, cycloalkanes and cycloalkenes,
aromatic and polycyclic aromatic hydrocarbons and their derivatives, aldehydes,
alcohols, ketones, esters, organohalogens and organosulphur compounds,
trichlorethylene, tetrachlorethylene, b-pinenes, limonene, p-cymene etc. [11-13].

Usually the concentrations of the odorous compounds are very low,
but their olfactory thresholds are in some cases lower. Hence, sensitive
analytical methods are required for the identification and quantification of
odorous substances taking into account that their concentrations are often
below the detection limit of measuring equipment [14].
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The aim of this study was to develop a sensitive and, in the same
time, a comprehensive method for the identification of some classes of
compounds responsible for the odor in municipal landfill leachate which
may pose health concerns to nearby neighborhoods.

2. RESULTS AND DISCUSSION
2.1. Analytical performances of the SPME-GCxGC-qMS method

The performances of developed method were evaluated in term of
repeatability (intra-day precision), linearity, limit of detection (LOD) and limit
of quantification (LOQ) calculated based on the ratio of standard deviation
(SD) and the slope of calibration curves (Table 1).

Table 1. The performances of developed SPME-GCxGC-MS method

Compound name LZ‘(?:;%J:S/G R? SD Slope (ng?nIDL'1) (nlg_(r)n(i'1) '?%)
Methyl isobutyl ketone | y=805869x+5E+07 |0.9463| 10026208 | 8058691 | 0.74 | 248 | 0.9
2-Heptanone y=5E+06x + 3E+08 [0.9785| 2623366 | 5.00E+06 | 0.32 | 1.05 | 0.2
Dimethylbenzene y=1E+07x + 4E+08 |0.9835| 310653 1E+07 0.02 0.06 4.0
Isopropylbenzene | y=BE+06x + 3E+08 [0.9544| 29827885 | 6.00E+06 | 3.00 | 9.94 | 55
Trimethylbenzene | y=2E+07x + 7E+08 | 0.984 | 681651 |2.00E+07 | 0.02 | 0.07 | 2.9
Phenol y=7591881x-2E+07 |0.9892| 15207533 | 7591881 | 1.20 | 4.00 | 6.6
tert-Butylbenzene | y=6E+06x + 2E+08 |0.9855| 42115421 | 6.00E+06 | 4.20 | 14.04 | 9.5
alpha-Terpinene y=1E+07x + 1E+08 |0.9647| 47849916 | 1.00E+07 | 2.80 | 9.56 | 9.8
Limonene y=2E+07x + 3E+08 |0.9599| 136306146 | 2.00E+07 | 4.00 | 13.64 | 10.5
Ocimene y=9E+06x + 8E+07 |0.9827| 19865104 | 9.00E+06 | 1.32 | 4.42 | 63
Acetophenone y=1E+07x - 1E+07 |0.9944| 42166192 | 1,00E+07 | 2.60 | 8.44 | 22
Cresol y=3E+06x - 5E+07 |0.9554| 8847603 | 3,00E+06 | 1.76 | 590 | 2.2
;g;g’;jso"mpy' y=1E+07x + 2E+08 |0.9883| 12613977 | 1.00E+07 | 3.78 | 12.6 | 2.64
5-Nonanone y=2E+07x + 5E+08 [0.9938| 62313078 | 2.00E+07 | 1.86 | 624 | 26
Terpinolene y=1E+07x + 2E+08 |0.9783| 10613977 | 1.00E+07 | 0.64 | 212 | 2.1
Isophorone y=5E+06x - 5E+06 |0.9981| 10035259 | 5.00E+06 | 1.20 | 4.02 | 09
Camphor y=1E+07x + 4E+08 |0.9894| 76927561 | 1.00E+07 | 4.60 | 15.38 | 2.4
Benzothiazole y=1E+07x - 9E+07 |0.9888| 89652655 | 1.00E+07 | 540 | 17.94 | 52

Repeatability was expressed by means of six replicates (n=6) of the
standard mixture in concentration of 25 ng mL™". The results showed a good
repeatability, the relative standard deviation RSD being situated under 15-
16%, the maximum accepted at the concentration level less than 100 ppb [15].
The method provide also a good linearity with a coefficient of determination
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(R?) ranging between 0.95 and 0.99, a low LOD (0.02-54 ng mL™") and LOQ
(0.05-17.94 ng mL™") respectively.

The combination of columns chosen for the separation provides a
good resolution between the standard compound mixture (Figure 1).

mmmmm G T s oWt

o

(((((

Figure 1. GCxGC chromatogram of the standard mixture
2.2. Analysis of municipal landfill leachate samples

The extraction and the analysis of volatile organic compounds in
municipal landfill leachate samples were done under the conditions described
in the Experimental part. The results of the performed experiment showed that
the landfill leachate contains a huge number of volatile organic compounds
with different polarities which are well distributed on the GCxGC
chromatogram (Figure 2).
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Figure 2. GCxGC chromatogram of the municipal landfill leachate sample and the
classes of the identified compounds
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It can be observed that the compounds are grouped on the families
according to their physical and chemical proprieties.

Using the standard mixtures, the retention parameters (retention time
in the first dimension (RT 1% D) and retention time in the second dimension
(RT 2™ D)) and the mass spectra, in the leachate sample 40 compounds were
identified. Their name, molecular formula and retention parameters are
presented in Table 2. It should be mention that only the compounds with
similarity of mass spectra compared with NIST mass spectra library exceeding
70% were taken into consideration.

Table 2. Compounds identified according to standard mixture, their mass spectra
and retention parameters

Component name/abbreviation | Molecular formula| RT 1st D (min) RT 2nd D (sec)

2-Butanone 3.733 0.50

Benzene 4.872 0.64

i/
2-Pentanone PN 5.333 0.82

3-Pentanone 5.412 0.93
emioe 3 ir Y s
Mo B ket ! )\/”\ 6.800 109
v e vl B
Hexanal N Y 7.600 1.55

Toluene 8.000 1.00

(o]
2-Hexanone \/\)K 8.400 1.55

o
2-Methylcyclopentanone / Qé
(Ciclo 5-one 2Me) 10.667 2.52

CHs;
CHs
5-Methyl-2-hexanone / CH,
(2-hexanone 5Me) HBCJ\/Y 11.600 2.02
o
Ethylbenzene / (Ethyl Benzene) (5 12.267 1.43
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Component name/abbreviation

Molecular formula

RT 1st D (min)

RT 2nd D (sec)

4-Heptanone /\)?\/\ 12.667 214
1, 2-dimethylb / §
, 2-dimethylbenzene Chs
(DiMe Benzene) ©/ 12.800 145
[0]
2-Heptanone )j\/\/\ 13.600 2.55
Chy
1, 3-dimethylbenzene /
(Benzene diMe) ©\m 14.000 184
ACH,
CH; O
Methyl N- Sk
hydroxybenzenecarboximidoate/ 15.067 7.25
(Oxyme Metoxy Phy)
CH,
2-Ethylcyclopentanone /
(coclo 5-one 2Et) o 16.000 2.86
NH,
Aniline © 18.400 4.41
2-Ethyl-4-methylthiazole / 2
(2Et 4Me Thiazole) _Ck/ 18.533 2.25
OH
Phenol © 19.600 6.93
H3C
2,4-Dimethylpyrrole / n
(Pyrole diMe) N~ CHs 21.200 4.82
H
Cyclohexyl Ethanone /
(Ciclohexil Etone) O/L 22.987 3.02
0
3,3,5-Trimethylcyclohexanone/ 22 933 397
(triMe ciloB-one) CHs ' '
HsC CHg
p-cymene / (Paracimene) @—< 23.600 1.77
o]
Eucalyptol / (Eucaliptol) 2@ 24.267 1.82
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Component name/abbreviation | Molecular formula| RT 1st D (min) RT 2nd D (sec)
[o]
Acetophenone ©)1\ 24.400 3.91
3-Ethyl-2,4-dimethylpyrrole /
(Pyrole Et diMe) 24.400 4.57
oH
Cresol / (Crezols) @/% 26.133 6.61
o
Fenchone L& 26.833 2.84
Camphor g% 30.667 3.43
o]
Dihydroterpineol ai 31.467 3.16
Ethyl Phenol H°~®—\ 32.800 6.25
Menthol / (Mentol) é\v 33.600 3.07
H
a-Terpineol 34.400 3.50
OH
Propyl Phenol / (Propil Fenol) /O/\/ 39.067 5.95
A\
Indole @:} 40.000 7.11
H
4-tert Butylphenol / e 1
(TertButil Phenol) X 41.923 6.12

It can be also observed that in the analyzed sample the most
prevalent compounds are carbonyl group compounds, phenolic compounds,
terpenes and aromatic and alkyl aromatic hydrocarbons. Also, nitrogen
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containing compounds such as fluoroacetamide, aniline, 2,4-dimethylpyrrole,
3-ethyl-2,4-dimethylpyrrole, 2-ethyl-4-methylthiazole, methyl N-
hydroxybenzenecarboximidoate have been identified.

Many other compounds could not be identified due to the technical
limitation of the instrument. However, the developed method has a big
potential and provides information that are difficult to obtain using classical
chromatographic methods.

Moreover, the obtained results are in agreement with other studies
referring to the odorants of municipal landfill leachate [8-12], but this study
provides a better identification of the compounds due to their GCxGC
arrangement.

3. CONCLUSIONS

The developed procedure provides a very sensitive method for the
analysis of volatile organic compounds in municipal landfill leachate.
Identification of the compounds is improved due to the grouping of the
compounds on the families according their physical and chemical proprieties.
The most prevalent families of the identified compounds are
carbonyl group compounds, phenolic compounds, terpenes, aromatic and
alkyl aromatic hydrocarbons and nitrogen-containing compounds.
SPME-GCxGC-qMS could be a good and green alternative for the
screening of volatile organic compounds in municipal landfill leachate, being
able to provide better information about the compounds responsible for odors.

4. EXPERIMENTAL SECTION
4.1. Reagents and solutions

For the qualitative and quantitative analysis a standard mixture
containing different classes of organic compounds in concentration of 100
ug mL™" dissolved in a solvent mixture of n-hexane:acetone (1:1 v/v) was
used. The composition of the standard mixture is given in Table 1. The
standard mixture was prepared from pure substances, of analytical grade
purity, purchased from Sigma Aldrich, Supelco and Fluka. The calibration
standard solutions in concentration of 10, 25, 50, 100 and 150 ng mL™"
were prepared by dilution of different volumes of standard mixture in 5 mL
of Milli-Q water. Acetone and n-hexane (99.99% purity) were provided
from Merck (Germany) and helium in purity of 99.9999% from Air Liquide,
France. The Milli-Q water was prepared using a Milli-Q Plus water system
from Millipore (USA).
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4.2. Instrumentation, chromatographic and SPME conditions

For the analysis of volatile organic compounds in municipal landfill
leachate, a Thermo Trace GCxGC gas chromatograph equipped with a dual
CO, cryogenic modulator and coupled to a quadrupole mass spectrometer
(gMS) model ThermolSQ (Courtaboeuf, France) was used. Helium of high
purity at a constant pressure of 156 kPa was used as carrier gas. The mass
spectrometer frequency of acquisition was 50 Hz, and the SCAN mode was
used for data collection, setting a mass range from 45 to 250 m/z. The
ionization was performed by Electron Impact lonization using a voltage of
70 eV. The ion source temperature was 210°C and 280°C for the transfer line.
The inlet temperature was set at 280°C and the injection was made in split
mode using a split ration of 10.

For the separation, a Factor Four VF-1 ms column (100%
dimethylpolysiloxane), 30 m x 0.25 mm ID, 0.25 um film thickness (Varian)
was used in the first dimension and a DB-1701 column ((14%-cyanopropyl-
phenyl)-methylpolysiloxane), 1.5 m x 0.10 mm ID, 0.10 ym film thickness
(Agilent) was used for the second dimension. The separation of compounds
was performed with a gradient temperature program, by a heating of
2.0°C/min from 40 to120°C, with 5 minutes final hold time. The modulation
period was 8 seconds and the initial off-set was 0.5 second.

The data acquisition was performed using the X-Calibur software
and the GCxGC representation was realized by the Chrom-Card software.
The identification of the compounds was done comparing the obtained
mass spectra with those from NIST (classical) mass spectral library.

The solid phase microextraction (SPME) of the target compounds
was performed using a SDVB/carbowax/pdms fiber, 20 mm length using a
TriPlus Autosampler. For the extraction, the following conditions were used:
incubation temperature 60°C in constant mode, extraction time 10 minutes
and desorption time 15 minutes.

For the analysis of volatile organic compounds in real samples, 5
mL of municipal landfill leachate collected from a municipal solid waste
landfill from Romania was used. The extraction was done according to the
protocol described above.
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ABSTRACT. Efficiency of conventional solvent extraction (maceration and
normal refluxing) and novel extraction techniques (ultrasound-assisted
extraction-UAE and microwave-assisted extraction-MAE) were compared in
order to obtain an enhanced content of total flavonoid, total phenolic
compounds and rosmarinic acid from the Satureja hortensis L. (Summer
savory) herb. Different mixtures of ethanol-water ratio were used for extraction
of these compounds from dry plant material. High level of total flavonoid
content was determined for a solvent system consisted of 40% respectively
50% ethanol (extraction systems ES6 and ES5) while the most efficient
techniques were normal refluxing (R) and ultrasound-assisted extraction when
sweep mode (UAE1) was selected. For the same solvent systems (ES6 and
ES5), a high content of total phenolic compounds was determined when the
normal refluxing (R) and microwave-assisted extraction (MAE1, with a duty
coefficient of 40% and microwave action time1 min) were used for the
extraction procedure. For the rosmarinic acid extraction, the maceration
technique (M) combined with an ethanol-water system consisted of 60%
ethanol (ES4) was found as the most efficient procedure.

Keywords: Satureja hortensis L., flavonoids, phenolic compounds, rosmarinic
acid, maceration, reflux extraction, ultrasound assisted extraction, microwave
assisted extraction
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INTRODUCTION

Summer savory or Garden savory (Satureja hortensis L.), a widely
used culinary herb belonging to the Lamiaceae family, has been used as spice
for food flavouring and as traditional medicinal tea as remedy to treat various
diseases and their symptoms [1]. The most recent studies suggest that the use
of some savory species, are effective in body protecting against oxidative
stress, free radical damage, inflammation or microbial infections, providing a
natural prevention or treatment for some chronic and serious illnesses such as
cancer, diabetes, cardiovascular and Alzheimer’s diseases [2-5].

Many species of the Lamiaceae family are reported as plants with
high content of phenolic compounds and antioxidant capacities [6]. Extensive
studies on different Satureja species carried out in the last years demonstrated
a remarkable diversity of classes of compounds such as volatile oils,
polyphenolic acids, flavonoids - especially derivatives of apigenin and
luteolin, tannins, steroids and pyrocatechols existing into [7, 8]. The major
components of the essential oils of Satureja species are carvacrol, thymol,
phenols [1] while the rosmarinic acid was found to be the major component
of the alcoholic extracts [9].

Separation, identification and quantification of flavonoids and
phenolic compounds in various Laminaceae family plants (including Savory
species) are based especially on chromatographic techniques [10-13]. Most
of the extraction procedures of these compounds are based on solvent
extraction which is efficient, easy to use and have a wide applicability [14]. The
type of the solvents and the composition of the used extraction system is one
of the most influential variables on both extraction yield and classes of
extracted constituents. Methanol, ethanol, and water are widely employed for
extracting different classes of phenols. Despite methanol exhibits the highest
capacity to extract polyphenols [15], due to its toxicity is less preferred than
ethanol-water mixtures. Studies on extraction of natural antioxidants proved
that the ethanol-water mixtures are suited to penetrate the hydrophobic areas
of the vegetal matrix facilitating further extraction processes [16, 17]. Methods
used for extracting phenolic compounds include both conventional
techniques (maceration, reflux) and alternative one using high pressure
solvents or the benefits of ultrasounds or microwaves [12, 18].

In context of abound studies on volatile oil of Satureja hortensis L
existing in scientific literature, the aim of this study is to evaluate the
effectiveness of different extraction techniques and systems with respect to
the total content of flavonoids, phenolic compounds and rosmarinic acid to
obtain high quality hydroalcoholic extracts from the Summer savory
cultivated in Romania.
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RESULTS AND DISCUSSION

Conventional solvent extraction and some of the novel extraction
procedures have been used for the flavonoids, phenolic compounds and
rosmarinic acid extraction from dry Satureja hortensis L. herb.

Based on the consideration that extraction solvent composition is
one of the most influential variables on both extraction yield and classes of
extracted compounds, various ethanol-water mixtures (ES1-ES6) were
investigated. The evaluation of the applied extraction procedures was made
based on extracted content of total flavonoids, phenolic compounds and
rosmarinic acid content determined by UV-Vis absorption spectrometry and
high performance liquid chromatography respectively.

Evaluation of total flavonoids

The concentration of flavonoids in hydroalcoholic extracts was
determined based the rutoside calibration curve Y=1.9372x+0.0043
(R?=0.9990; LOD=0.6072 pg/mL; LOQ=1.202 pg/mL) on 20 pg/mL - 400
pg/mL working range.

Table 1. Total flavonoids content expressed in rutoside (ug/mL) determined in
Satureja hortensis L. extracts

Extraction Total flavonoids expressed as rutoside® (ug/mL extract)
procedure Extraction system composition ethanol-water (v/v)
100:0 80:20 70:30 60:40 50:50 40:60
(ES1) (ES2) (ES3) (ES4) (ES5) (ES6)
M 13.66 77.9 113.40 125.04 129.53 108.57
(x7.4) (£3.6) (£2.3) (£1.3) (£2.1) (x1.1)
R 15.44 99.28 128.45 143.08 149.55 151.49
(£6.4) (£3.9) (£1.9) (£3.1) (x2.4) (£0.2)
UAE1 9.34 83.87 134.72 147.37 152.63 151.65
(£4.0) (x4.1) (£2.6) (£2.6) (£2.1) (£2.2)
UAE2 10.76 88.72 122.41 132.60 136.27 128.81
(x4.1) (£3.7) (£3.9) (x1.5) (£1.9) (£1.3)
MAE1 9.42 51.06 79.14 118.84 142.57 141.56
(£5.9) (#4.2) (£2.7) (£3.1) (£2.3) (£1.3)
MAE2 12.98 45.97 107.64 128.58 140.14 1.38.02
(x4.7) (£3.9) (£3.2) (£2.7) (£3.1) (x1.4)
MAE3 13.37 68.46 106.07 116.86 140.63 134.62
1(8.2) (£2.5) (£3.7) (£2.2) (£1.9) (£2.6)

* results are mean of three experimental determinations + relative standard deviation value; M -
maceration; R - normal refluxing; UAE1 - ultrasound assisted extraction (sweep mode); UAE2 —
ultrasound-assisted extraction (clean mode); MAE1-microwave-assisted extraction: duty coefficient
40%, 1 min microwave action time; MAE2 - microwave-assisted extraction: duty coefficient 40%, 2
min microwave action time; MAE3 - microwave-assisted extraction: duty coefficient 60%, 1 min
microwave action time
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The determined total flavonoids content expressed in rutoside, ranged
from 11 pg/ml extract to 151 pg/ml extract, depending on the composition of
the extraction system and extraction technique (Table 1).

Based on the obtained results it could be observed that for all applied
extraction techniques, the flavonoids concentration increases with the polarity
of the extraction system. High extraction yields were determined for the ESS
and ES6 (Figure 1). Regarding the extraction techniques, the best extraction
yields were obtained using UAE1 due to continues action of ultrasonic waves
which contribute to cell membrane breaking and R due to high extraction
temperature that increases the solubility and diffusion coefficient respectively.
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Figure 1. Influence of extraction system composition and extraction technique on
total flavonoid content

Evaluation of polyphenols

Evaluation of polyphenols is based on the caffeic acid calibration
curve Y=1.245x+0.0033 (R?*=0.9990; LOD=0.2894 pg/mL; LOQ=0.5571
pg/mL) determined on the 0.05 — 0.50 mg/mL working range. The determined
values of total polyphenols, expressed in caffeic acid, lies between 0.53 —
6.85 mg/mL extract (Table 2).

The extraction yield of polyphenols is strongly influenced both by
the extraction technique and by the extraction system composition (Figure
2). Best results were obtained by using ES5 and ES6 systems and R and
MAE1 as extraction techniques.

Having a close look to Figure 2 it can be observed that extraction
efficiency for R and MAE1 increases with solvent polarity. Moreover for UAE
technique, both procedures show a similar trend lines, UAE1 being slightly more
efficient. A different situation is encountered in the case of the MAE. Thus, for
MAES3 the yield increase with extraction system polarity, from SE1 to SE3 when
a maximum yield is obtained, after which the growth of the solvent's polarities

48



COMPARISON OF DIFFERENT EXTRACTION TECHNIQUES FOR THE EVALUATION OF POLYPHENOLS ...

induce a decrease of the yield. For MAE2 there is an intermediate trend,
common with MAE1 in the first part and in the second part common with MAES3.

Table 2. Total polyphenols content, expressed in caffeic acid, determined in
Satureja hortensis L. extracts

Extraction Total polyphenols content expressed as caffeic acid (mg/mL extract)
procedure Extraction system composition ethanol-water (v/v)

100:0 80:20 70:30 60:40 50:50 40:60
(ES1) (ES2) (ES3) (ES4) (ES5) (ES6)

M 1.10 2.80 5.44 5.56 4.55 3.51
(£5.8) (24.3) (£3.3) (£3.5) (+4.0) (£5.4)

R 0.98 5.70 6.28 6.36 6.56 6.85
(£3.4) (£2.8) (x2.4) (£3.4) (x1.4) (£3.0)

UAE1 0.79 5.24 5.83 5.96 6.47 5.55
(£2.6) (£3.0) (£3.1) (£3.5) (£3.0) (£3.6)

UAE2 0.67 5.22 5.39 5.26 6.05 5.63
(x2.4) (£3.1) (£2.7) (£3.1) (£3.5) (£6.8)

MAE1 0.53 4.40 6.06 6.48 6.59 6.71
(£3.7) (£3.5) (£3.2) (£2.8) (£2.5) (£3.1)

MAE2 0.74 4.38 5.87 5.39 5.22 4.52
(£3.3) (x14.4) (£1.6) (£3.6) (x4.4) (£2.5)

MAE3 0.75 5.49 6.19 6.01 5.78 5.16
(£7.5) (£3.7) (£3.2) (£3.3) (£3.1) (£5.0)

* results are mean of three experimental determinations + relative standard deviation value;
M - maceration; R - normal refluxing; UAE1 - ultrasound assisted extraction (sweep mode);
UAE2 — ultrasound-assisted extraction (clean mode); MAE1-microwave-assisted extraction:
duty coefficient 40%, microwave action time:1 min; MAE2 - microwave-assisted extraction:
duty coefficient 40%, microwave action time: 2 min; MAE3 - microwave-assisted extraction:
duty coefficient 60%, 1 min microwave action time
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Figure 2. Influence of extraction system composition and extraction technique on
total polyphenols content

49



D. CASONI,N. OLAH, L. SORAN, S. C. A. COBZAC

Rosmarinic acid determination
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Figure 3. RP-HPLC Chromatogram of rosmarinic acid standard solution (a) and
Satureja hortensis L extract obtained by reflux and ES6 (b)
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Figure 4. RP-HPLC chromatogram of the extracts obtained by (a) reflux with gﬁraction
systems ES2-ES6 and (b) using extraction system ES4 and different techniques - M, R,
UAE1 and MAE1.
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Rosmarinic acid separation was performed by RP-HPLC with
gradient elution. Its identification in extracts was performed by comparison
the retention time (17.24 min) and UV-spectra with a standard solution
(Figure 3).

From qualitative point of view, the chromatograms obtained for the
same technique and different extraction systems as well as for the same
extraction system and different techniques have the same number of peaks,
differing only in the area of peaks (Figure 4).

A linear calibration curve of rosmarinic acid (Y=179672x+476900;
R?=0.9997) on the working range 25 — 200 pg/mL was obtained. The
content of rosmarinic acid determined in extracts ranged between 50 — 118
Mg/mL extract (Table 3).

Table 3. Rosmarinic acid content (ug/mL extract) determined in extracts of
Satureja hortensis L.

Extraction Rosmarinic acid content in extracts (ug/mL)*

procedure Extraction system composition ethanol-water (v/v)
80:20 70:30 60:40 50:50 40:60
(ES2) (ES3) (ES4) (ES5) (ES6)
M 7517 108.42 152.58 143.92 50.34
(£3.9) (£3.1) (+3.6) (£2.6) (£3.8)
R 96.35 97.43 118.15 109.25 77.84
(£2.5) (£3.3) (£2.9) (£2.8) (£3.6)
UAE1 93.74 88.94 102.43 100.24 101.07
(£2.8) (+4.9) (£3.2) (£3.1) (£2.4)
MAE1 81.22 102.21 102.79 101.93 100.70
(£3.1) (£2.5) (£3.4) (£3.2) (£2.6)

* results are mean of three experimental determinations + relative standard deviation value;
M - maceration; R - normal refluxing; UAE1 — ultrasound-assisted extraction (sweep mode);
MAE 1-microwave-assisted extraction: duty coefficient 40%, 1 min microwave action time

The amount of extracted rosmarinic acid is influenced by the
extraction procedure (Figure 5). Thus, the extraction profiles showed that
the systems ES4, ES5 and ES6 (in case of UAE1 and MAE1) were most
effective and no significant variations due to variations in the ethanol-water
ratio for R, UAE1 and MAE1 were observed.

A higher content of rosmarinic acid was determined using systems
ES4 and ES5 when maceration was applied as extraction technique.
Combination of the maceration technique (M) with the ethanol-water ratio
(60:40, v/v) extraction system (ES4) was found as the most efficient
procedure for extraction of an enhanced amount of rosmarinic acid from dry
Satureja hortensis L. plant.
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Figure 5. Influence of extraction system composition and extraction technique on
rosmarinic acid content

CONCLUSIONS

Among the solvent extraction techniques investigated in this study,
the ultrasound-assisted extraction with sweep mode selection (UAE1) and
normal refluxing procedure (R) were found as the most efficient for the total
flavonoids extraction from Satureja hortensis L. dry plant material. Normal
refluxing (R) and also the microwave-assisted extraction using a duty
coefficient of 40% and 1 minute microwave action time (MAE1) were found
as the most suitable procedures for extraction of high content of polyphenolic
compounds. For both of the investigated classes of compounds (flavonoids
and polyphenols), combination of these techniques with the ethanol-water
extraction system consisting of 50-60% ethanol were found to be the most
efficient extraction procedures. Instead of this, the ethanol-water extraction
system consisted of 60% ethanol combined with the maceration technique (M)
was found as the most efficient procedure for the extraction of an enhanced
content of rosmarinic acid from Satureja hortensis L. dry plant material.

EXPERIMENTAL SECTION
Equipment, reagents and plant material

The experiments were carried out using a Zass electric mill, a
Soxhlet extractor, an Elmasonic S15H (Germany) ultrasonic bath, a

homemade microwave extractor (PATENT H-OSIM NO 6/065 on 30.06.2008,

52



COMPARISON OF DIFFERENT EXTRACTION TECHNIQUES FOR THE EVALUATION OF POLYPHENOLS ...

INCDTIM, Cluj-Napoca, Romania), a Jasco V 550 UV-Vis spectrophotometer
(Japan) and a Varian Prostar HPLC system with quaternary pump,
autosampler and DAD detector (Varian, USA). Organic solvents chloroform,
ethanol and methanol were purchased from Chemical Company (Romania);
acetonitril and acetic acid HPLC grade were from Merck (Germany). Sodium
acetate, aluminium chloride, sodium carbonate, sodium tungstenate, sodium
molibdate and phosphoric acid reagents were supplied from Merck
(Germany). Rutoside, caffeic acid and rosmarinic acid standards were from
Merck (Germany). For the experimental determinations, dried leaves of
Satureja hortensis L. (Viola Tricolor, Romania) were purchased from local
specialized store.

Sample preparation and extraction procedure

The plant material (dried leaves) was minced with the electrical mill
to reduce the particle size and increase the solid-liquid contact surface for
the solvent extraction procedure. The obtained powder was sieved and the
fraction with the dimension below 400um was used for further investigations.
Prior to the solvent extraction procedure, chlorophylls and fatty compounds
were removed from by Soxhlet extraction with chloroform until a colourless
extract was obtained. The resulted plant material was dried at room
temperature and accurately weighted portions were used for the extraction
procedure. The applied conventional extraction methods included both
room temperature maceration for 14 days (M) and normal refluxing for 30
min (R). Alternative solvent extraction techniques including the microwave-
assisted (MAE) and ultrasound-assisted (UAE) extraction were used as
modern extraction procedures. UAE was carried out for 30 min at 37 kHz
and 95W. There were selected two types of wave action: sweep mode
(UAE1) when a uniform ultrasound field was assured and clean mode
(UAE2) when a pulsed field was generated. MAE was performed in close
vessel with cooling system at atmospheric pressure and bellow 70°C. The
extraction was carried out at 900W with different values of duty coefficient
and action time (Table 4).

Table 4. The experimental parameters used for the microwave-assisted extraction
(MAE) procedure

Duty coefficient Microwave action time Extraction time Symbol
(%) (min) (min)
40 1 1-2 MAE1
40 2 4-6 MAE2
60 2 20-25 MAE
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In all cases, different extraction systems consisting of various
proportions of ethanol-water (v/v): 100:0 (ES1); 80:20 (ES2), 70:30
(ES3); 60:40 (ES4), 50:50 (ES5) and 40:60 (ES6) were used. A ratio of
0.5:40 of dry plant/extraction solvent volume was used each time. The
resulted extracts were filtered and used as stock samples for further
quantitative investigations. Triplicate samples were obtained for each
extraction method.

Evaluation of total flavonoid content

Total flavonoids content was determined using aluminium chloride
method, when a yellowish soluble complex is formed [19]. An aliquot of
stock sample was 1:5 diluted with methanol. Volume of 1 ml of diluted
extract was mixed with 1.5 ml sodium acetate (100 g/L) and 2.5 ml
aluminium chloride (25 g/L) and brought with methanol up to 10 mi
(volumetric flask). After 15 minutes, the absorbance was measured at 430
nm, using a blank solution prepared from 1 ml diluted extract, 5 ml water
and methanol up to 10 ml. The total flavonoids content was calculated
based on calibration curve, the results being expressed as rutoside
(ug/mL plant extract). Calibration curve was determined on the range of
0.02 — 0.40 mg/ml, using rutoside standard solution prepared in methanol
(1 mg/mL).

Evaluation of total polyphenols

The phenolic content was determined using Folin—Ciocalteau
reagent [19]. Briefly, 1 mL of stock extract was diluted up to 5 mL with
distilled water. Two-hundred microlitres of the obtained extract were mixed
with 2 mL of Folin—Ciocalteau reagent and brought with sodium carbonate
(15%) up to 10 mL. The absorbance of the coloured blue samples was
measured at 715 nm Calibration curve was determined on the range of
0.05 - 0.50 mg/ml, using caffeic acid standard solution prepared in
methanol (1 mg/mL). The phenolic content was calculated based on the
caffeic acid calibration curve and the results were given as total
polyphenols expressed in caffeic acid (mg/mL plant extract).

Quantitative analysis of rosmarinic acid by HPLC-DAD
Rosmarinic acid content was determined by high-performance

liquid chromatography (HPLC) method using a Varian ProStar HPLC
system equipped with gradient pump unit, DAD detector and
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autosampler (1-100 pL). Separation was achieved using a Microsorb-MV
100-5 C18 (150 mm x 4.6 mm, 5 um) (Agilent Technologies) analytical
column and the mixture acetic acid (10%) — acetonitrile — water as
mobile phase. Gradient elution (from 10:15:75 (v/v/v) to 10:45:45 (v/v/v)
in 10 minutes and 10:45:45 (v/v/v) for 5 minutes) at a flow rate of
1.0 mL/min at room temperature (25°C) was carried out. UV detection
was performed at 330 nm.
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ABSTRACT. Crataegus oxyacantha L., the hawthorn, is a well-known medicinal
plant with cardiotonic effect. This paper presents a complex phytochemical
screening of polyphenols profile, both qualitatively and quantitatively, in three
different extracts obtained from fresh berries, flowers with leaves and young
shoots. There were used spectral (UV-Vis) and chromatographic (TLC, HPLC)
methods to evaluate the total flavonoids, total phenolic acids and qualitative
polyphenols profile of the extracts. The antioxidant capacity was evaluated by
DPPH, FRAP and NO radical inhibition methods, by UV-Vis spectrophotometry.
The total flavonoid content expressed in rutoside ranges from 0.49 to 1.33
mg/ml, the total phenolic acids expressed in caffeic acid from 0.02 to 0.10
mg/ml, the most concentrated being the berries extract. In flowers with leaves
extract can be identified and quantified a special flavonoid, the vitexine, 0.37
mg/ml. All three extracts present important antioxidant activity, both on ROS
and RNS species. By FRAP method the berries extract was determined as
most powerful, having also the best inhibition effect on NO radicals. The DPPH
method indicates the special young shoots extract, used in gemmotherapy, as
being the most powerful, with significant inhibiting effect on NO radicals. This
indicates that the young shoots gemmotherapic extract is a good candidate for
a powerful therapeutic tool.
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INTRODUCTION

Crataegus oxyacantha L. or Crataegus monogyna Jacq., the
hawthorn, is one of the most known and used vegetal remedy for different
cardiovascular disturbances. It belongs to Rosaceae family, being a shrub
with white flowers grouped in corymb and intensive red berries as fruits with
one stony seed. Traditionally, for medicinal purposes are used the flowers
with leaves respectively the fruits. The vegetal material or the extracts,
obtained both from dried or fresh plants, are standardized in flavonoids or /
and oligomeric proanthocyanidines [1-3].

The phytochemical researches using different spectral and
chromatographic methods identified in the hawthorn oligomeric
proanthocyanidines, flavonoids of flavone and flavonole types, phenolic acids,
triterpenes, fatty acids, sterols [3,4]. The studies were conducted on vegetal
materials, but also on hydroalcoholic extracts. The alcoholic extracts from
berries and flowers with leaves contain vitexine, hyperoside, rutoside,
luteoline, apigenin and different vitexine, luteoline and apigenin derivatives
from class of flavonoids; catechine and epicatechine derivatives from
oligomeric proanthocyanidines; ursolic, oleanolic and crategolic acids from
class of triterpenes; chlorogenic and caffeic acids from class of phenolic
acids, respectively amines. The quantitative analyses identified 14.3 ug/g
respectively 1.65 ug/g flavonols in the leaves respectively berries and 5.11
mg/g oligomeric proanthocyanidines into berries [5-7]. Another study
evidenced in berries extracts 3.54 % phenolics expressed in gallic acid,
0.18 % flavonoids aglyca, 0.14 % hyperoside and 0.44 % oligomeric
proanthocyanidines [4]. A comparative study performed on tinctures
obtained from dried and fresh flowers with leaves highlight that the freshly
processed vegetal material contains higher quantity of oligomeric
proanthocyanidines, with reduced stability into alcoholic extracts and with
1.5 times less flavonoids like the extract obtained from dried vegetal product
[8]. A recent study evidenced in flowers and leaves originary from Pakistan a
lot of sterols and triterpenes: B-sitosterol-3-O-f-D-glucopyranoside, lupeol, -
sitosterol, betuline, betulinic acid, oleanolic acid and from flavonoids class the
chrysine. From these compounds the sitosterol derivative was linked to the
anticholinesterase effect with potential benefit into the improvement of
Alzheimer disease’s symptoms [9].

Due by the high content in polyphenols the hawthorn has high
antioxidant capacity correlated also with cardioprotector and anti-
inflammatory effects [3,9,10]. The antioxidant effect is expressed in the
improvement and activation of the antioxidant enzymes status, like
superoxide dismutase, catalase, glutathione peroxidase, glutathione,
respectively in the inhibition of lipids peroxidation. Studies revealed, by
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DPPH method, that the berries have a 1000 times more elevated antioxidant
capacity than the quercetine, a powerful antioxidant flavonoid, while the
leaves have 10 times more elevated this effect. The antioxidant and lipid
lowering effects are due mainly by the high content in flavonoids [3,5,11-12].
It was proved that the anti-inflammatory effect is due by inhibition of different
enzymes and cytokines, like COX2, oTNF, IL-1f3, IL-6 and iNOS [5].

At cardiovascular level were proved the beneficial effects in heart failure,
stage | and Il according to NYHA, angina pectoris, hypertension, mild arrhythmia
and atherosclerosis [3,13,14]. The hawthorn berries and flowers with leaves
lower the blood pressure, dilating the vessels, have endothelium protector effect,
decrease the migration and proliferation of smooth muscle cells, protect in case
of ischemia and determine a better use of the oxygen by the myocardium due by
its positive inotropic and negative chronotropic activity, by improving the
coronary stream and by inhibition of the angiotensin converting enzyme
respectively the phosphodiesterase. Additionally have anxiolytic, antihyperlipidic,
antihyperglycemic, immunomodulating and antimutagenic effects [3,5,15]. The
flavonoids and oligomeric proanthocyanidines are responsible for the inhibition
of angiotensin converting enzyme [16].

Clinical trials proved the efficacy of hawthorn products in case of
stable angina pectoris by lowering the intercellular adhesive molecules, like
ICAM-1 and the E-selectine, responsible by the coronary atherosclerosis
development [17]. A randomized double blind clinical trial performed on a
tincture obtained from fresh hawthorn berries evidenced its efficacy in stage
Il hearth failure, in long term administration [18].

The hawthorn berries and flowers with leaves have a good
antimicrobial activity on Pseudomonas aeruginosa and mild effect on
Escherichia coli [11].

Local traditions use hawthorn also in case of digestive disturbances,
dyspnea, respectively in case of renal lithiasis [5,15]

The hawthorn is used in therapy mostly as hydroalcoholic extracts or dry
extracts, on tablets or capsules form. Recent phytochemical, pharmacological
and clinical studies are performed on extracts obtained from fresh plants. The
use of fresh plants is characteristic for the new phytotherapy branches, like
gemmotherapy is, that use the part of plants containing meristematic tissues.
Because all type, classical and modern, extracts from hawthorn are used mainly
as cardiotonic it worth to study comparatively to determine the differences in
phytochemical profile that can indicate some differences also in efficacy.

This paper presents a comparative study of phytochemical profile of
the tinctures obtained from fresh hawthorn berries and fresh hawthorn
flowers with leaves respectively the glycerol macerate obtained from fresh
hawthorn young shoots, used in gemmotherapy, performed by different
spectral and chromatographic methods.
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RESULTS AND DISCUSSION

In figures 1 and 2 are presented the calibration curve of rutoside
respectively of caffeic acid used for the determination of total flavonoids
respectively total phenolic acids content.

In figures 3-6 are presented the TLC respectively the HPLC
chromatograms of the three studied extracts.

In figure 7 is presented the calibration curve for vitexine used for
determination of the content by HPLC.

In tables 1 and 2 are presented the obtained results.

Rutoside - Total flavonoids

0.6

: —
/

0.3
- /
0.1

Ahsorbance

0 5 10 15 20 25

microg/ml rutoside

Figure 1. The calibration curve of rutoside for total flavonoids content
determination Absorbance = 0.024 x Conc [ug/ml] + 0.0031; R? = 0.9970

Caffeic acid - Total phenolic acids
0.4
0.35 &
03
g 0.5 —
-.'g 0.2 /
§ 0.15 -
0.1
0.05
0
0 0.5 1 15 2 25 3 35
microg/ml caffeicacid

Figure 2. The calibration curve of caffeic acid for total phenolic acids content
determination Absorbance = 0.1098 x Conc [ug/ml] + 0.0157; R® = 0.9997
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Figure 3. The TLC chromatogram in fluorescence at 365 nm.
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Figure 4. The HPLC chromatogram for glycerol macerate from
hawthorn young shoots.
A —rutoside, B — chlorogenic acid, C — vitexine, D — extract
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Figure 6. The HPLC chromatogram for hydroalcoholic extract from
hawthorn berries.
A —rutoside, B — chlorogenic acid, C — vitexine, D - extract
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Figure 7. The calibration curve for dosing the vitexine by HPLC
Area = 83194 x Conc [ug/ml] + 585207; R? = 0.9977

Table 1. The results from TLC and HPLC analyses

Hawthorn extract from Number of compounds Number of compounds
separated by TLC separated by HPLC
Young shoots 6 16
(2 chlorophylls)
Flowers with leaves 6 11
Berries 10 10

Table 2. The quantitative results from spectral and chromatographic analyses

Hawthorn extract Total flavonoids | Total phenolic acids | Vitexine content,
from expressed in expressed in caffeic mg/ml
rutoside, mg/ml acid, mg/ml
Young shoots 0.87 £ 0.003 0.07 £ 0.001 -
Flowers with leaves 0.49 £ 0.001 0.02 £ 0.001 0.37 £ 0.005
Berries 1.33 £ 0.059 0.10 + 0.002 -

The spectral analyses indicate that the highest concentration of
polyphenols, flavonoids and phenolic acids are in berries tincture, and the lowest
in the flowers with leaves extract. These are in correlation with the results
obtained at TLC analysis where the flower with leaves extract show compounds
with different yellow color. The quantitative spectral results can be correlated
with those obtained by Tadic et al. in the berries extracts from Serbia [12].

The TLC analysis revealed the separation of 4 phenolic compounds in
young shoots, 6 in flowers with leaves and 10 in berries. These compounds
have yellow, orange-yellow, blue and greenish-blue fluorescence. The yellow
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and orange-yellow colors indicate flavonoids, while the blue and greenish-blue
colors the phenolic acids. The separated active compounds profile is different
at flowers with leaves extract comparing with the others. This extract present
three intensive yellow band corresponding to flavonoids, while the other two
extracts have a yellow, a blue, an orange-yellow and an orange band in the
same positions. The orange band is present more intensively in the berries
extract and could be interpreted as being hyperoside. There are similarities
between the young shoots and berries extracts also in the presence of a blue
band around the caffeic acid. Just in the young shoots extract can be
observed the red bands characteristic for chlorophylls. The TLC analysis
evidenced the similarities and also the differences in phytochemical profile
of the different hawthorn vegetal materials respectively extracts from these
parts, but the results are according with the provisions of pharmacopoeias
monographs respectively with the known scientific references that highlights
the presence of flavonoids and phenolic acids in this species [1,2,19].

The HPLC analysis evidenced the same similarities and differences
like were observed at TLC analysis. The number of separated compounds
is similar in all extracts. From the berries and flowers with leaves extracts
are separated 10 or 11 compounds, from young shoots 16 compounds. The
table 3 shows the position of each separated compound and the maximum
absorbance of their UV-Vis spectra.

It can be identified caffeic acid derivatives in young shoots extract at
1.65, 2.60 and 3.20 minutes based on absorption maximums and the shape
of the UV-Vis spectra. The compound from 2.60 minutes could be
chlorogenic acid according the UV-Vis spectra data, but is separated at 0.4
minutes difference in comparison with the standard. The compounds
separated at 4.25, 5.90, 6.20 and 9.50 could be flavonoids according the
UV-Vis spectra shape and maximum absorption wavelengths. It could not
be identified any of them as rutoside, neither the retention time, neither the
maximum absorption wavelengths do not correspond.

In the flower with leaves extract can not be identified any caffeic acid
derivatives, but the compounds separated at 5.70 and 6.50 minutes could be
flavonoids. It can be identified the vitexine, separated at similar retention time
and with similar shape and absorption maximums like the standard. This
corresponds with those mentioned in scientific references [5]. This extract
contains 0.37 mg/ml vitexine, representing 75.5 % from total flavonoids.

The berries extracts contains possible flavonoids separated at 4.40,
6.20 respectively 6.60 minutes, but it could not be identified the rutoside.
This is according with the references that mentioned the lower flavonoid
content in fresh berries [8]. The higher total flavonoid content determined
by spectral method using aluminum chloride could be explained by the
possible interference of oligomeric proanthocyanidines.
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Table 3. The retention time and the UV-Vis absorption maxims of the separated
compounds by HPLC

Young shoots extract

Flowers with leaves extract

Berries extract

t,, min UV-Vis t;, min UV-Vis absorption t,, min UV-Vis
absorption maxims, nm absorption
maxims, nm maxims, nm

1.65 237+328 1.65 234 1.65 233+280
2.30 233+293 2.30 296 2.30 294
2.60 238+325 2.60 236+268+296 2.70 263+298

- - 2.90 234+263+298 - -

3.20 234+328 - - 3.20 236+288
3.60 352 3.60 234+268+318 3.60 234+308
4.25 267+343 4.30 258+332 4.40 236+271+349
5.00 236+268+346 - - - -

5.90 260+357 5.70 234+268+343 - -

6.20 263+355 - - 6.20 265+359

- - 6.50 268+343 6.60 240+360
8.90 242 - - - -
9.50 238+357 - - 9.60 240
10.70 243 - - - -
12.45 240+269+346 - - - -

- - - - 13.00 241
16.00 242 - - - -
35.00 241 35.10 240+318 - -
49.00 240+304+357 49.10 240+268+310+356

Chlorogenic acid Rutoside Vitexine
3.00 [ 239+325 520 | 264+355 6.20 |  267+344

The HPLC results are in concordance with the TLC and spectral
results, explaining the difference in color of the flavonoids from flower and
leaves due by the presence of vitexine that have a different structure like
the rutoside or hyperoside (figure 8).

Hyperoside

Vitexine

Figure 8. The structures of hyperoside and vitexine
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The antioxidant capacity evaluation results are presented in table 4. In
figure 9 are presented the extracts curve for ICs, determination by DPPH
method respectively in figure 10 the Trolox calibration curve for FRAP method.

Table 4. The results of antioxidant capacity evaluation

Extracts from DPPH, ICso, ul FRAP, NO radical
uM TE /100 ml inhibition, %
extract
Young shoots 6 848 +1.12 70.3
Flowers with leaves 80 278 £0.50 65.5
Berries 93 1255 + 3.28 74.3
Trolox (standard) 50 ug - -

The results show a good correlation of the antioxidant activity
determined by FRAP and the content in polyphenols determined by spectral
methods (see figure 11). The DPPH method show a better antioxidant activity
of young shoots extract, the other two extracts having similar values and
approximately 1.5-2 times less than the standard trolox. These results are
according to that obtained by Benmalek et al., reference that mention a
more effective antioxidant capacity of berries extract in comparison with the
leaves or flowers extracts [7].

The results obtained with DPPH method can not be correlated with
the extracts’ polyphenols content. This leads us to conclude that the
different hawthorn extracts will contain different type of antioxidant
compounds which will act specifically on different radicals. This explains
also the different results by different evaluation methods. On other hand
to the antioxidant effect could contribute also other compounds types near
polyphenols.

The DPPH evaluation shows that the young shoots extract is more
powerful, even that the polyphenols content is lower as the berries extract
and the extraction ratio, 1:20, lead to a more diluted extract like the
berries’ is. This result indicates that the young shoot hawthorn extract used
in gemmotherapy could have a more powerful effect like the classical
hawthorn extracts.

All three extracts have important NO radical inhibition effect. The
value are similar, the most effective being the berries and young shoots
extracts. Even that the values are similar, there is a concordance between
the NO radical inhibition and the extracts polyphenols content (see figure
11). This explain the beneficial effect of the hawthorn extracts on
endothelium, by inhibiting the transformation of endothelium factor NO into
radicals and the damaging of vessels wall.
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Figure 9. The inhibition curves for determination of ICsy by DPPH method; Young shoots:
1 % =1.5774 x Conc [ul] + 40.164; R? = 0.9619; Flowers with leaves: | % = 0.1943 Conc
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Figure 10. The calibration curve for Trolox by FRAP method
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CONCLUSIONS

This paper highlights the differences and the similitudes between
the phytochemical profiles of different hawthorn vegetal materials
respectively extracts. It can be observed a difference regarding the
polyphenols types contained by flowers with leaves in comparison with the
berries and young shoots. This will lead to an efficacy difference sustained
also by the antioxidant capacity evaluations.

The berries extract was observed to have the highest concentration
in polyphenols with important antioxidant effect, both on reactive oxygen
species (ROS) and reactive nitrogen species (RNS).

In this paper was presented for first time a complex phytochemical
analysis of young shoots hawthorn extract, used in gemmotherapy, that
proved to have a similar polyphenols profile like the berries extract, the
most used in cardiovascular diseases, but in less concentration, with
comparative or higher antioxidant activity with berries extract, both on ROS
and RNS. These results lead us to conclude that the young shoots extract,
with its complete phytochemical profile, including also the polyphenols, can
be therapeutically more valuable as other hawthorn extracts, obtained from
other parts of this specie.
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EXPERIMENTAL SECTION
Materials, reagents and apparatus

Crataegus oxyacantha L. young shoots, flowers with leaves and
berries were collected from wild flora, in the woods near Cluj, in the springtime
and autumn of year 2016. The fresh vegetal material was immediately
processed after the collection. A voucher specimen was sampled, retained in
herbarium, each time and the botanical identification was performed by the
specialists from PlantExtrakt quality control laboratories.

The extracts were obtained according to provision of European and
German Homeopathic Pharmacopoeias. There were obtained on GMP
certified production flow mother tinctures from berries and flowers with
leaves using 90 % vol. ethanol, the extraction ratio being 1:0.75 (plant-
solvent) respectively glycerol macerate from young shoots using 96 % vol.
ethanol — 100 % glycerol mixture (1:1), the extraction ratio being 1:20 (dry
part of the plant — solvent). The extraction was made at cold, by maceration
10-20 days, with daily mixing followed by pressing and filtering [1,19].

The silicagel plate (Kiselgel F.s;) was purchased from— Merck,
(Germany). The HPLC column, type Luna 5 um C18 (2) 100 A of 150 x 4.6
mm was purchased from Phenomenex, USA. The Sil-C18 SPE columns
were purchased from Merck, Germany.

The Teflon Millex filters were purchased from Merck-Millipore, USA.

Solvents and reagents: sodium acetate, aluminum chloride,
methanol, sodium carbonate, sodium tungstenate, phosphoric acid, ferric
chloride, TPTZ, DPPH, hydrochloric acid, sodium nitroprusside, sodium
phosphate, sulfanilamide, N-1-naphtylethylenediamine, ethyl acetate, ethyl-
methyl ketone, formic acid and acetonitrile was supplied from Merck
(Germany); PEG 400 was obtained from Roth, (Germany); diphenylboric
acid aminoethyl ester was supplied from LGC (Germany).

The standards: rutoside, caffeic acid and trolox supplied from Merck
(Germany), hyperoside, vitexine and chlorogenic acid were obtained from
Phytolab (Germany).

Apparatus: Cintra 101 UV-Vis spectrophotometer, GBC Australia;
Varian Prostar HPLC system with quaternary pump, autosampler and DAD
detector, Varian USA.

Assay for total flavonoid content determination [20]
Samples: 1 ml from each extract was mixed with 5 ml of 10 %

sodium acetate and 3 ml of 2.5 % aluminum chloride. These mixtures were
filled with methanol until 25 ml.
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Blank: 1 ml from each extract was mixed with 8 ml of water and
filled to 25 ml with methanol.

After 15 minutes the samples were read at 430 nm. There were
made 3 determinations and at every determination were made 3 repeated
readings. The results are the average of the 3 determinations.

In the same conditions were built a calibration curve in rutoside,

using solutions in methanol with a concentration of 4.08 to 20.4 ug/ml.
Assay for total phenolic acids content determination [21]

Samples: 1 ml from each extract was mixed with 0,5 ml of
phosphotungstenic reagent and filled with 15 % sodium carbonate until
25 ml.

Blank: 1 ml from each extract was filled to 25 ml with 15 % sodium
carbonate.

After 2 minutes the samples were read at 715 nm. There were
made 3 determinations and at every determination were made 3 repeated
readings. The results are the average of the 3 determinations.

In the same conditions were built a calibration curve in caffeic acid,
using solutions in methanol with a concentration of 1.05 to 3.15 ug/ml.

Antioxidant capacity determination by DPPH method [22]

Samples — berries extract: 0.25; 0.50 respectively 0.75 ml of
extracts were diluted with methanol at 10 ml. From each solution an aliquot
of 5 ml was mixed with 5 ml of DPPH reagent, then all were maintained at
40°C 30 minutes.

Samples — flowers with leaves extract: 0.10; 0.25 respectively 0.50
ml of extracts were diluted with methanol at 10 ml. From each solution an
aliquot of 5 ml was mixed with 5 ml of DPPH reagent, then all were
maintained at 40°C 30 minutes.

Samples — young shoot extract: 1 ml of extract was diluted with
methanol at 10 ml, then aliquots of 0.25; 0.50 respectively 0.75 ml were diluted
with methanol at 10 ml. From each solution an aliquot of 5 ml was mixed with 5
ml of DPPH reagent, then all were maintained at 40°C 30 minutes.

Control: 5 ml methanol mixed with 5 ml of DPPH reagent,
maintained at 40°C 30 minutes.

Blank: methanol.

The samples were read at 517 nm. There were made 3
determinations and at every determination were made 3 repeated readings.
The results are the average of the 3 determinations.
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For each sample was determined the inhibition percentage using
the following formula:

I 0/0 = (Acontrol - Asample)*‘I OO/AcontroI

For each extract was built a curve and from its equation was
determined the 1C5,, meaning the quantity of extract that will neutralize 50
% of radicals.

Antioxidant capacity determination by FRAP method [22]

Samples: 0.50 ml of each extract was diluted with methanol at 10
ml. From each solution an aliquot of 0.2 ml was mixed with 0.6 ml water
and 6 ml of FRAP reagent.

Blank: 0.8 ml water mixed with 6 ml of FRAP reagent.

After 5 minutes the samples were read at 593 nm. There were
made 3 determinations and at every determination were made 3 repeated
readings. The results are the average of the 3 determinations.

A trolox calibration curve was built in same condition using 10 to 40
ug of trolox.

Antioxidant capacity determination by NO radical inhibition method [23]

Samples: 0.50 ml of each extract is mixed with 3 ml 10 mM
sodium nitroprusside in 0.2 mM phosphate buffer at pH of 7.4. These
mixtures were maintained at 30°C 150 minutes. Than is added 0.5 ml
Griess reagent.

Control: 0.50 ml of solvent used for extraction is mixed with 3 ml 10
mM sodium nitroprusside in 0.2 mM phosphate buffer at pH of 7.4. These
mixtures were maintained at 30°C 150 minutes. Than is added 0.5 ml
Griess reagent.

Blank: 3 ml of 0.2 mM phosphate buffer at pH of 7.4 with 0.5 ml
extract were maintained at 30°C 150 minutes. Than is added 0.5 ml Griess
reagent.

The samples were read at 546 nm. There were made 3
determinations and at every determination were made 3 repeated readings.
The results are the average of the 3 determinations.

For each sample was determined the inhibition percentage using
the following formula:

I 0/0 = (Acontrol - Asample)*100/AcontroI
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Experimental Conditions for TLC Separation [19]

The separations were performed on silicagel plates. As standards were
used methanolic solutions of: hyperoside (1.00 mg/mL) and caffeic acid (1.00
mg/mL). On plates were applied 20 uL from tinctures and 30 wl from solution
obtained after SPE separation of glycerol [24] from young shoots extract
respectively 10 uL from each standard solution. The samples and standard
solutions were applied as bands of 2 cm. The plates were developed
ascendant in normal chamber. The mobile phase was: ethyl acetate — ethyl-
methyl ketone - water — formic acid (50:30:10:10, v/v) and development
distance was 10 cm. After drying of plate it was sprayed with diphenylboric
acid aminoethyl ester 1 % in methanol and PEG-400 5 % in methanol. The
plate was visualized after 30 minutes in fluorescence, at 365 nm.

Experimental Conditions for HPLC Separation [25]

The separations were performed on Sil-C18 column. As standards
were used methanolic solutions of: vitexine (40-320 ug/mL), chlorogenic
acid (0.1 mg/ml) and rutoside (1.11 mg/mL). The mobile phase is presented
in table 5. It was used 1 ml/min flow rate and a DAD UV-Vis detector at 280
nm. There were injected 10 ul from each sample and standard solution.
Each extract was diluted 1 to 10 with methanol prior injection and filtered
through 0.45 um Teflon filter.

Table 5. The mobile phase composition for HPLC separation

Time, min Water — phosphoric Methanol Acetonitrile
acid, pH=25
0 75 10 15
30 75 10 15
35 69 12 19
40 67 12 21
60 54 15 81
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ABSTRACT. The Ranunculus species are mostly known for their toxic
effect due to the anemonine and protoanemonine content. This paper
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spontaneous species from Ranunculus genus (Ranunculaceae family)
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INTRODUCTION

Species of the Ranunculus genus are spread in the aquatic
environment, wetlands and meadows. They grow as ornamental plants in
parks and gardens or on the waterfront. Almost all species are considered
to be toxic, especially during flowering, due to their protoanemonine
content. [1,2]

Ranunculus ficaria L. (Ficaria verna Huds.) is a perennial plant
that flourishes in the early spring [1]. It is used in folk medicine and in
homeopathy for anti-inflammatory, astringent, antibiotic and anti-
haemorrhagic actions [2]. The tuberous and dry roots of this herbaceous
plant with oval, cordate and glossy leaves is used in the pharmacy. Tubers
are rich in starch and contain saponosides which are heterosides of
hederagenin and oleanolic acid [3]. R. ficaria extracts and 3 -cyclodextrin
complexes exhibit antioxidant activity even at very low concentrations and
could be used in pharmaceutical formulations with improved bioactivity [4].
There are used to treat haemorrhoids by topical application as an ointment
or suppositories.

Ranunculus bulbosus L. is used in traditional medicine in gout pain,
arthritic pain and neuralgia, being the most used Ranunculus specie in
medicine, mainly by its roots. The whole plant has astringent, calming,
antispasmodic, diaforetic, rubefiant effects. The chemical constituents
present in Ranunculus bulbosus L. are hexadecanoic acid, B-sitosterol,
anemonine and protoanemonine [6].

Ranunculus sardous Crantz has irritating act