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Editorial

NPC- CMAPSEEC: Special Issue

I am very grateful to Prof. Vassya Bankova, Chairman of 9™ Conference of the Association of Medicinal and Aromatic Plants of South-
Eastern Europe (9" CMAPSEEC), Centre of Phytochemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria, Prof. Zora Dajic, President of
Association of Medicinal and Aromatic Plants of South-Eastern European Countries (AMAPSEEC), as Honorary Chairperson 9"
CMAPSEEC, and Organizing Committee, for arranging this issue, originating from the CMAPSEEC-2016 which was held in Plovdiv,
Bulgaria, from May 26-29, 2016, and attended by a large number of participants. The first part of February 2017 edition is devoted to
selected manuscripts (16) presented at CMAPSEEC-2016. I am very grateful to Prof. Vassya Bankova for extending an invitation to
participate in this scientific meeting as well as for organizing this issue. The editors join me in thanking Prof. Bankova, the authors and the
reviewers for their efforts that have made this issue possible, and to the production department for putting it into print.

Pawan K. Agrawal
Editor-in-Chief
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Introduction to the Special Issue
on the
9™ Conference on Medicinal and Aromatic Plants
of the
South-Eastern European Countries
(9™ CMAPSEEC, 2016)

This special issue contains a selection of papers originally presented at the 9" Conference on Medicinal and Aromatic Plants of the South-
Eastern European Countries (9" CMAPSEEC), which was held in the beautiful city of Plovdiv, Bulgaria, on May 26 — 29, 2016. It was
organized by the Association of Medicinal and Aromatic Plants of the South-Eastern European Countries, together with the Bulgarian
Phytochemical Society and the Institute of Organic Chemistry with the Centre of Phytochemistry of the Bulgarian Academy of Science, and
with the President of AMAPSEEC, Prof. Zora Dajic, as Honorary Chairperson.

The 9" CMAPSEEC continued the practice of the AMAPSEEC conference series of presenting the most recent advances and state of the art
research in the field of medicinal and aromatic plants in South-Eastern Europe, a region with rich biodiversity and a long standing tradition of
use of plants for medication. As usual, the Conference gathered scientists, professionals and representatives of companies working in the
exciting field of medicinal and aromatic plants not only from South-Eastern Europe but also from many countries all over the world. The
conference provided a great opportunity to share research results, new approaches and ideas, and views and visions for the development of
the application of medicinal and aromatic plants for the benefit of society. It became a celebration of human curiosity and endeavour to
explore Nature. Coverage of the Conference included: Medicinal and aromatic plants (MAP) diversity at all levels and tools for its
evaluation; Pharmacology and biological effects of active MAP compounds; and MAP cultivation, breeding and biotechnology. The 9™
CMAPSEEC was very successful: it attracted over 150 participants from 26 countries, with 10 prominent scientists as invited lecturers, 31
short lectures and over 160 poster presentations.

This issue of Natural Product Communications presents some of the highlights of the conference. Edited by members of the conference
organizing committee Prof. Milena Popova, Prof. Milen Georgiev, Prof. Vassya Bankova, and the Journal Editor in Chief, Dr. Pawan
Agrawal, the articles selected here were submitted shortly after the conference and rigorously peer-reviewed and revised before being
accepted for publication. The editors received a high number of articles from the conference participants, and all submissions received
extensive feedback from the editors and anonymous peer-reviewers. Unfortunately, not all submissions were accepted, but the editors wish
all those who submitted well with their future research and careers, and we look forward to reading their work with interest.

We would like to extend a special thanks to the authors and reviewers of the papers. Also, we are grateful to Dr. Pawan K. Agrawal, the
Editor in Chief of Natural Product Communications, and the editorial team for their assistance in the preparation of this issue and for
continued support and collaboration between the AMAPSEEC conference and NPC.

Prof. Vassya Bankova

Guest Editor

Head of Lab Natural Product Chemistry

Institute of Organic Chemistry with Centre of
Phytochemistry, Bulgarian Academy of Sciences
Sofia, Bulgaria
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The flower heads of Inula britannica L. of Bulgarian origin afforded sesquiterpene lactones (gaillardin, britannin, 11,13-dihydroinuchinenolide B, ivalin,
pulchellin C), triterpenoids (3-O-palmitates of 16B-hydroxylupeol, 16B-hydroxy-B-amyrin, and faradiol) and flavonoids (quercetin, luteolin, luteolin-7-O-
glucoside). All compounds are known and they were identified by spectral methods. The observed differences in the chemical content of the chloroform and
methanol extracts were also reflected in their free radical scavenging activity, evaluated by DPPH and ABTS assays. Intraspecific variability of 1. britannica is

discussed.
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The genus [nula (Asteraceae) consists of approximately 100
species, distributed mainly in Asia and Europe. Many studies have
been carried within the genus due to the significant structural
diversity and biological activity of sesquiterpene lactones,
diterpenes, triterpenes, and flavonoids, isolated from a number of
Inula species [1,2]. I britannica is used in Chinese folk medicine to
treat digestive disorders, bronchitis and inflammation, bacterial and
viral infections, as well as some tumors [2b]. That is why most of
the studies are on /. britannica of Chinese origin. The application in
traditional medicine requires extensive phytochemical study and
pharmacological evaluations of this species. It should be noted that
sesquiterpene lactones were the largest group. More than 40
lactones of different skeletal types — germacranolides,
eudesmanolides, guaianolides, secoeudesmanolides, seco-
guaianolides, and lactone dimers, have been described so far. To the
best of our knowledge, from the European taxa only Russian [3] and
Serbian [4] have been investigated up to now.

In continuation of our studies on species of the Asteraceae family
this work is a part of a phytochemical investigation of Bulgarian
taxa from the genus /nula. The CHCI; extract of the flowers of 1.
britannica was fractioned by column chromatography on silica gel.
IR control allowed selection of the fractions (characteristic
absorption band at 1770-1740 cm™) for further determination of the
lactone profile. Thus, the sesquiterpene lactones ivalin [5], britannin
[3a,4], gaillardin [4,5a], 11,13-dihydroinuchinenolide B [4], and
pulchellin C [3b,4] have been isolated and identified. All these
compounds have been previously found in /. britannica of different
origins. With exception of ivalin, the other compounds were
reported for the Serbian taxon [4]. From the latter one, 1,10-seco-
eudesmanolides — 14-(3-methylpentanoyl)-6-deoxybritannilactone,
14-(3-methylbuta-noyl)-6-deoxybritannilactone, and 14-(2-methyl-
propanoyl)-6-deoxybritannin, as well as 4H-tomentosin have been
isolated. Varieties of lactones with secoeudesmane and secoguaiane
skeletons have been reported before in the Asian populations of /.
britannica [1,2]. It should be noted that no one of these substances
was detected in the studied Bulgarian sample.

It was found (IR control) that the less polar fractions did not contain
sesquiterpene lactones, but the absorption band at 1720 cm
showed the presence of compounds bearing ester groups. Further
on, prep. TLC yielded the known triterpenoids 3-O-palmitates of
16B-hydroxylupeol, 16B-hydroxy-p-amyrin, and faradiol. Only the
first one has been found in a Turkish population of 1. britannica so
far [6a], while the other two compounds are isolated now for the
first time from this species, but they have been detected earlier in
Achillea alexandri-regis [6b] and Calendula officinalis [6c],
respectively. B-Sitosterol and f-amyrin were also detected. More or
less, different triterpenoids have been isolated from the genus Inula,
but esters of long-chain fatty acids have been detected only in one
Turkish population of 1. britannica [6a]. It should be noted that the
literature data for triterpenoids in /nula species are insufficient for
discussion of their chemotaxonomic significance.

Besides the described above compounds, 3 flavonoids and 1,5-
dicafeloylquinic acid were isolated from the MeOH extract.
Luteolin, luteolin-7-O-glucoside and quercetin are known for 1
britannica, while 1,5-dicafeloylquinic acid was detected in I
viscosa [2]. Being very common plant components and usually in
high concentrations, at this point of the investigation, these
compounds were not regarded as compounds of chemotaxonomic
interest.

Further, TLC comparison of extracts from flowers and leaves
showed that both plant organs accumulated the same sesquiterpene
lactones. Regarding phenolic components, it was found that
luteolin, luteolin-7-O-glucoside, and 1,5-dicafeloylquinic acid were
present in both leaves and flowers, while quercetin was detected
only in flowers. Finally, the observed differences in the chemical
composition of the chloroform and methanol extracts were also
reflected in their free radical scavenging activity, evaluated by
DPPH and ABTS assays (Table 1). As can be seen, both methanol
extracts (from flowers and leaves) possessed the highest antioxidant
activity and maximal total phenolic and flavonoid contents. A good
correlation between antiradical activity in the studied extracts and
their total phenolic content was also observed (R* = 0.9954 and R? =
0.9910 for ABTS and DPPH, respectively).
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Table 1: Total phenolic (TPC) and flavonoid (FC) contents in different 1. britannica
extracts and their radical scavenging activity.

Plant Extract TPC FC ABTS DPPH
parts [mgGA/gDM]  [mgC/gDM]  [pMT/gDM]  [uMT/gDM]
Leaves CHCl; 0.4+0.02 0.3+0.02 1.6+0.1 0.7+0.1*
Flowers ~ CHCl; 0.1£0.02 0.1+0.02 1.1£0.1 0.7+0.02°
Leaves MeOH 2.3+0.1 0.6+0.01 15.5+0.2 13.7+0.7
Flowers ~ MeOH 7.9+0.4 0.940.02 44.4+0.4 37.6+0.6

*Values with the same letter are not significantly different, p < 0.05. Standard deviations were
calculated on the base of three samples.

Diversity of lactones found in the so far studied taxa of 1. britannica
of Asian and European origin revealed significant intraspecific
variability. Nevertheless, on the basis of the skeleton type of
lactones it could be suggested that secoeudesmanolides and
secoguaianolides characterized the Asian populations. On the other
hand, Bulgarian and Russian (European) populations are free of
these types of lactones. Further, secoeudesmanolides and one
secoguaianolide have been isolated from a Serbian taxon, but
bicyclic lactones are principal components. So, the existence of
secoeudesmanolides and secoguaianolides in the European I
britannica cannot be ruled out. Thus, the domination of
guaianolides and eudesmanolides or their seco-derivatives
characterize European and Asian taxa, respectively. Further
phytochemical investigation on I. britannica will clarify the lactone
profile of European populations.

Experimental

Plant material: I. britannica was collected from a natural locality in
the Southern Balkan Region in Bulgaria. A voucher specimen
(SOM 172474) was deposited in the Herbarium of the Institute of
Biodiversity and Ecosystem Research, Bulg. Acad. Sci.

Extraction and isolation: A portion (1 g) of air-dried flower heads
and leaves of 1. britannica were extracted with CHCl; and MeOH.
The corresponding crude extracts were compared by TLC (Silica
gel 60 and RP-18, F,s4 (Merck), CHCl;-diethyl ether, 50:1; CHCl;-
acetone, 10:1 and 1:1; MeOH-H,O, 1:1) and used for determination
of the total phenolics, flavonoids and antioxidant capacity. Further,
the CHCl; and MeOH extracts from flower heads (30 g) of the plant
were worked up for isolation of the individual compounds. The
CHCI; extract (1.5 g) was fractionated by column chromatography
(CC) on silica gel using CHCl3-acetone mixtures with increasing
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polarity to give 11 fractions (F;-F,;). Further separation by CC and
prep. TLC (silica gel, n-hexane-diethyl ether, 5:1) of Fr. F, (50mg)
afforded 3-O-palmitates of 16B-hydroxylupeol (5.7 mg), 16f-
hydroxy-B-amyrin (5.3 mg), and faradiol (5.0 mg). The presence of
B-amyrin and B-sitosterol was proved by TLC of F; (silica gel, n-
hexane-diethyl ether, 1:1) using these compounds as standards.
Prep. TLC (silica gel, CHCl;-acetone, 5:1) of F; (47 mg) afforded
ivalin (7 mg) and britannin (14 mg). Gaillardin (33 mg) and
pulchellin C (18 mg) were obtained from Fy (65 mg) and F; (92
mg), resp. after recrystallization (CHCl;). Prep. TLC (silica gel,
CHCl;-acetone, 5:1) of F;, (18 mg) yielded 11,13-
dihydroinuchinenolide B (7 mg). The MeOH extract (0.5 g) was
separated into 2 fractions F-1 and F-2 by CC (Sephadex LH-20,
MeOH). Prep. TLC (silica gel RP-18, MeOH-H,0, 1:1) of F-2 (50
mg) yielded luteolin (9 mg), quercetin (1.8 mg), luteolin-7-O-
glucoside (2.0 mg), and 1,5-dicafeloylquinic acid (6.4 mg). All
isolated compounds were proved by comparison of their 'H NMR
spectral data with those in the literature.

Determination of the content of total phenolic compounds (TPC)
and total flavonoids (FC): TPC and FC were determined by
procedures described in ref. [7a,b] and expressed as mg gallic acid
equivalents per g dry plant material [mgGA/gDM] and mg (+)-
catechin equivalents per g dry plant material [mgC/gDM],
respectively.

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity
and  ABTS  [2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic
acid)] assays: The DPPH and ABTS assays were performed
according to the procedures described by Thaipong ef al. [7c] and
the antioxidant activity was expressed as uM Trolox equivalents per
g dry plant material [uMT/gDM].

Statistical analysis: Correlation coefficients (R?) for determination
of the relationship between the radical scavenging activity and the
TPC and FC were calculated using MS Excel software.
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Species from the genus Gypsophila are known for their medicinal, industrial and decorative applications. G. trichotoma Wend. is an endangered plant species
for the Bulgarian flora according to the Red Data Book. A’-Sterols, which are unusual and rare in the plant kingdom, are present in the roots of this species. In
previous studies different in vitro cultures were established from aerial parts of the species. The objective of this study was to explore the possibility for
production of A’-sterols from in vitro cultured roots of G. trichotoma. The root cultures were grown on six modified MS media and the quantity of sterols was
analyzed. These findings will serve to solve the important matter of the role of nutrients on sterols biosynthesis.

Keywords: Sterols, In vitro, Prostate hyperplasia, Gypsophila trichotoma.

Gypsophila trichotoma Wend. (Caryophyllaceae) is a perennial
herbaceous plant. It is distributed in southeast Europe, southwest
Asia, Kazakhstan, West Mongolia, Russia, and Turkmenistan. The
plant is an endangered species for the Bulgarian flora according to
the Red Data Book and protected by the Law of Biodiversity. Some
G. trichotoma populations grow in the territory of the Kaliakra
Reserve (Tyulenovo area) and are thus managed by the government.
The plants grow on salt-rich, clay-type soils on the rock of the
seacoast at around 50 m.a.s.. The population of the taxon has
decreased as a result of the reduction of its distribution. G.
trichotoma has been proved to have high anti-inflammatory,
antiviral, antibacterial, antioxidant, and hepatoprotective properties
[1]. Phytochemical examination revealed the presence of triterpene
saponins, flavonoids, sterols, triterpenes and volatiles [2]. The plant
was introduced for in vitro cultivation at the Department of
Pharmacognosy of the Faculty of Pharmacy in Sofia [3].

Rare A’-sterols (Figure 1), previously isolated from the roots of the
plant [4], have been reported to possess antitumor activity. They
also have a positive effect in cases of prostate hyperplasia [5].

In vitro plant cultures were established on standard liquid MS-Li
and modified MS-Li growth media (Table 1). An optimized HPLC
method for determining the content of sterols was used.

Analysis of the data (Table 2) showed that NaCl had a positive
effect on steroidal glycoside accumulation, while Mg?" and Ca*"
had a beneficial effect on steroid synthesis. These findings could be
assigned to the natural metabolism of the plant, which is naturally
growing on salt-rich soils. Sodium chloride, Mg*" and Ca*" should
be present in considerable concentration in order for A’-sterols to be
accumulated in the roots. The optimal culture media should contain
these inorganic ingredients in the mentioned concentration.

In all of the tested samples stigmast-7-ene-3-ol (tg = 20.879 min)
was detected. This fact could be assigned to its role as an initial
precursor in the biosynthesis of the two other sterols — stigmast-7-
ene-3-one and stigmast-7-ene-3-0O-B-D-glucopyranoside.

Table 1: Composition of Murashige and Skoog—Linum modified media (MS-Li) for 1
L medium, pH 5.6 (before autoclaving).

Compound MS-Li MS-Li MS-Li MS-Li MS-Li MS-Li
[mg] +Mg?  -Mg"  +Ca¥  -Ca¥ +NaCl
NH,NO; 1650 1650 1650 1650 1650 1650
KNO; 1900 1900 1900 1900 1900 1900
MgSOx7H,0 370 740 0 370 370 370
CaCl,x2H,0 440 440 440 880 0 440
KH,PO, 170 170 170 170 170 170
NaCl - - - - - 1.8
H,BO; 6.20 6.20 6.20 6.20 6.20 6.20
MnSO,x4H,0 16.9 16.9 16.9 16.9 16.9 16.9
ZnSOx4H,0 8.60 8.60 8.60 8.60 8.60 8.60
KJ 0.83 0.83 0.83 0.83 0.83 0.83
Na,MoO,x2H,0 0.25 0.25 0.25 0.25 0.25 0.25
CuSO,x5H,0 0.025 0.025 0.025  0.025  0.025 0.025
CoCLx6H,0 0.025 0.025 0.025  0.025  0.025 0.025
Na,EDTA 373 373 373 373 37.3 37.3
FeSO4x7H,0 27.8 27.8 27.8 27.8 27.8 27.8
Nicotinic acid 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin B, 0.05 0.05 0.05 0.05 0.05 0.05
Vitamin Bg 0.25 0.25 0.25 0.25 0.25 0.25
Mio-inositol 100 100 100 100 100 100
Glycine 2 2 2 2 2 2
2-Naphthylacetic acid 200 200 200 200 200 200
Sucrose 30000 30000 30000 30000 30000 30000

Table 2: Content of sterols in in vitro cultivated samples.
Root Culture

Stigmast-7-ene-3- Stigmast-7-ene-3-one, Stigmast-7-ene-3-

0-B-D-glc, % + SD % £ SD ol, % + SD

MS - Li 0 0.61+0.01 2.11+0.01
MS — Li +NaCl 1.65 % 0.01 0 0.63 + 0.04
MS - Li +Mg** 0 2.47+0.02 2.73+0.02
MS - Li -Mg* 0 0 0.59 + 0.04
MS - Li +Ca* 0 1.33+£0.02 1.14+0.03
MS — Li -Ca®* 0 0 0.78 +0.02

Further optimization of the concentration of inorganic components
in the nutrient media is needed in order to gain maximal amount of
these rare compounds.

Experimental

Plants samples: Seeds of the native population of G. trichotoma
were collected at the Black Sea Coast, Zelenka locality, near
Balgarevo village, Bulgaria with permission from the Ministry of
Environment and Water of the Republic of Bulgaria. Seeds were
surface-sterilized with 95% EtOH for 60 sec, then in a 20% solution
of commercial bleach (20 min), followed by 3 times rinsing with



156 Natural Product Communications Vol. 12 (2) 2017

'

Gle-O

Zdraveva et al.

~ e

Figure 1: Sterols from roots of G. trichotoma: 1 — Sigmast-7-ene-3-O-B-D-glucopyranoside; 2 — Stigmast-7-ene-3-one; 3 — Stigmast-7-ene-3-ol.

sterile water. After sterilization the seeds were germinated
aseptically. Variations in culture media were prepared as MS
medium was supplemented with phytohormones and additional
quantities of inorganic salts. The germinated seeds were transferred
into flasks (300 mL) containing solid Murashige and Skoog (MS)
plant growth media [6], and grown in an illuminated chamber
(20°C) to produce shoots. After 4 weeks the roots were well
developed. They were aseptically cut from the plants and transferred
into modified liquid MS-Li media with addition of 2-naphthylacetic
acid (Table 1) and grown at 20°C in the dark. The roots were
aseptically sub-cultured every 15 days on fresh media, having the
same composition.

Sample preparation: Air-dried powdered plant material (0.20 g)
was extracted with methanol twice on a water bath under reflux for
30 min. The resulting extract was filtered and diluted to 10.0 mL in
a volumetric flask with the same solvent. An aliquot of the sample
solution (20 pL) was injected.

Reference solution: Reference solutions were prepared by
dissolving a requisite amount of sterols in methanol.

Instrumentation: Chromatographic analyses were performed on a
chromatographic system Young Lin 9100 (Hogye-dong, Anyang,
Korea), which consisted of a YL 9101 vacuum degasser, YL 9110
quaternary pump, YL 9131 column compartment, YL 9160 PDA
detector, 77251 manual injector, equipped with a 4.6 x 250 mm

column Luna® 5U C18(2) 100 A, Phenomenex® ODS with particle
size 5 pm. YL-Clarity® software was used.

Chromatographic conditions: An isocratic mobile phase of
methanol: acetonitrile (30:70 v/v) was used; 210 nm wavelength;
column temperature 40°C; flow rate 1 mL/min. Stigmast-7-ene-3-O-
B-D-glucopyranoside (tg = 16.312 min); Stigmast-7-ene-3-one (tg =
18.143 min); Stigmast-7-ene-3-ol (tg = 20.879 min).

Standard and chemicals: Air-dried powdered roots (700 g) were
exhaustively extracted with 80% methanol. After partial
evaporation, the aqueous solution was extracted with CH,Cl,. The
dichloromethane extract was further subjected to flash-
chromatography over silica gel to gain the sterols. These were
purified via recrystallization. Structural assessment of the glycoside
was carried out by acid hydrolysis, followed by TLC with authentic
reference substances and for all sterols — MS and 'H and *C NMR
spectroscopic experiments were performed, as previously described
in [4].

The organic solvents (HPLC-gradient grade) and all other reagents
were provided by Merck (Germany).

Statistical analysis: Each experiment was performed in triplicate.
MedCalc 12.3 (MedCalc Software 2012) was used to perform the
calculations. The Krushkal-Wallis one-way analysis of variance was
conducted to define the statistical significance of sterol amount. The
results were defined as mean + SD. Probability value of P < 0.05
was used as significance criteria.
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Glaucium flavum Crantz. (yellow hornpoppy) is a medicinal plant
from Papaveraceae family, which spreads along seacoast sands,
shingle and rocky places [la], sometimes it grows inland in river
valleys with sandy-pebble beds [1b]. Species’ natural area of
distribution is West and South Europe, Caucasus [la], and
Scandinavian Peninsula [1c]. In Bulgaria the yellow hornpoppy is
mainly distributed along the Black Sea coast.

G. flavum is a source of isoquinoline and morphinane alkaloids
and the principal of them are glaucine, isocorydine, corydine,
protopine, isoboldine, corunnine, chelidonine, sanguinarine,
cataline, 7-oxoglausine, thaliporphine [2]. The major aporphine
alkaloid glaucine (1) is used for preparation of medicines with
antitussive activity, which efficacy is comparable to codeine, but
glaucine does not cause the typical side effects of codeine such as
addiction, constipation and respiratory depression [3].

Plant resources are limited and the plant harvest is forbidden on the
whole territory of Bulgaria on the strength of annual ordinance of
the Ministry of Environment and Water, in compliance with the
Medicinal Plants Act (2000). Previous studies revealed differences
in the alkaloid content of several Bulgarian populations [2c],
however, data actualization is needed, and moreover some localities
were no more confirmed during the last years. Our previous

research concerning four Bulgarian localities in 2013, also
ascertained differences in their glaucine content [4].

The present study aimed to determine and evaluate in two
consecutive years the glaucine content in G. flavum plants growing
in different localities along the Bulgarian Black sea coast, and to
specify the localities with the highest glaucine content. Seeds from
them could be further used for in vitro cultures initiation and
multiplication of high yielded glaucine plants.

The values of glaucine content of the plant material collected from
five of the investigated localities during 2014 were comparable,
being about 2%, (Table 1). The other two localities, near
Skorpilovtsi and Durankulak, distinguished as their glaucine
contents were twice and more lower than the average for that year.
The values of glaucine quantity of 2015 could be divided into three
groups regarding glaucine content in the dry plant material: lowest

Table 1: Localities of Glaucium flavum along the Bulgarian Black Seacoast, and glaucine content in the crude alkaloid mixture (CAM) and in the dry plant material.

Locality, Glaucine in the dry plant material Glaucine in CAM CAM in the dry plant material Sample dry weight
GPS coordinates, altitude (%) (%) (%) (2)
2014 2015 2014 2015 2014 2015 2014 2015
Durankulak
N 43.69110, E 28.56325, 1 m 1.0+0.1 1.4+0.04 43.6+2.9 72.542.1 23 2.0 15.1 18.0
Shabla
N 43.54282, E 28.60612, 3 m 2.1£0.1 1.5+0.03 76.0+3.1 68.1+1.4 2.8 22 18.0 18.0
Skorpilovtsi
N 42.95834, E 27.89775,3 m 0.9+0.1 0.6+0.1 47.8+2.8 36.5+4.8 1.9 1.7 18.5 18.0
Pomorie
N 42.58634, E 27.63191, 6m 2.3£0.1 2.0+0.04 74.2+1.7 59.4+1.3 3.0 34 11.0 18.0
Varvara
N 42.13460, E 27.89718, 0 m 2.0£0.04 0.8+0.02 68.4x1.1 47.2+1.4 2.9 1.7 16.7 18.0
Ahtopol
N 42.10403, E 27.93655, 4 m 2.0+0.04 2.340.1 68.7+1.2 58.1£2.3 3.0 4.0 15.0 8.4
Sinemorets 2.120.1 1.6+0.1 60.6£41 505415 34 32 125 180

N 42.06564, E 27.97379, 6 m
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(Skorpilovtsi and Varvara), intermediate (Durankulak, Shabla and
Sinemorets), and highest (Pomorie and Ahtopol) (Table 1).

Some fluctuations have been observed comparing glaucine content
in the plants from the investigated localities during the two years. In
most of them the alkaloid was lower in 2015, as well as the crude
alkaloid mixture (CAM). An exception was the locality of Ahtopol.
The lowest percentages of glaucine were recorded in the plant
material from Shkorpilovtsi (0.9% and 0.6%, respectively in 2014
and 2015). These results complemented and confirmed our first data
concerning Shkorpilovtsi locality [4]. In this locality glaucine is not
the prevailing alkaloid, its quantity is almost twice less of the main
alkaloid isocorydine [5]. The dry plant material from Pomorie and
Ahtopol maintained high percentages of glaucine in the two
investigated years, being 2.3% for Pomorie in 2014 and for Ahtopol
in 2015. These values were much higher than previously reported
data for the two localities [2c].

Variations in concentration of glaucine in G. flavum were observed
also among four Israeli populations (from 36% to lack of glaucine)
[6]. Fluctuations of the alkaloids composition and content were
observed in other species of the family, as well. In Papaver
somniferum, for example, morphine content in different countries
varied between 3 and 30% [7a]. Variations in alkaloid content and
accumulation could be caused by a complex of ecophysiological
factors: light intensity and duration [7a], temperature and its
interaction with light [7b], water supply, salt stress [6], macro- and
micronutrients [7c], pH of the soil, fertilizer supply, altitude etc.,
but their impact is depending on the species and the chemotypes. In
G. flavum alkaloids’ content was found to depend on Ni and K
concentrations in plants [7c]. Alkaloids synthesis and accumulation
were improved at Ni and K suboptimal concentrations, otherwise
they inhibited these processes. In the case of P. somniferum, the
total alkaloids accumulation increased under tropical conditions
(short day with high light intensity) and in all ecotypes morphine
content became higher [7b].

In conclusion, glaucine amount in the crude alkaloid mixtures of the
investigated Glaucium flavum localities varied during the two

examined years, although the ratio of the alkaloids remained
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similar. Fluctuations in glaucine content values were probably due
to some abiotic factors as light, temperature, precipitation, soil
substrate, salinity, etc., following the localities microclimatic
conditions. More investigations are required to find out the factors
that influence glaucine biosynthesis, accumulation and proportion in
the total alkaloid content in plants.

Experimental

Plant material: The plant material of yellow hornpoppy was
collected during the mass blooming stage in July 2014 and in July
2015 from seven localities of the species scattered along the entire
Bulgarian Black Seacoast - Durankulak, Shabla, Shkorpilovtsi,
Varvara, Ahtopol, and Sinemorets villages (Table 1). Locality plant
samples were gathered consisting of the aboveground part.

Crude alkaloid mixture isolation: The air-dried and ground plant
material (Table 1) was exhaustively extracted in Soxhlet apparatus
with 200 ml 96% ethanol. Concentrated ethanol extracts were
acidified with 3% HCI and left in dark for 24 hours. The acidified
and filtered solution was subjected to three times petroleum ether
extraction. Thus purified acidic solution was alkalized with NH,OH
(pH 9-10) and then extracted five times with CH,Cl, The combined
CH,Cl, extracts were dried over anhydrous Na,SO,, filtered and
then evaporated under reduced pressure to give crude mixtures of
alkaloids.

Glaucine determination: 15 mg of each crude alkaloid mixture
were dissolved in 0,7 ml CHCl; and 0.1 ml MeOH. 3 pl from
sample were applied three times to DC Alufolien Kieselgel 60 Fys4
(Merck) and the sheets were developed with solvent system
petroleum:CHCI;:Me,CO:MeOH  (4:4:1:1). The spots were
visualized by spraying with Dragendorff’s reagent. Glaucine
percentages in crude alkaloid mixtures were quantified using
QuantiScan ® densitometry program (Biosoft, Cambridge, UK) as
mean values.
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The present study was designed to define the phenolic content, antioxidant and anti-inflammatory activity of Crateagus orientalis Pall. ex M. Bieb.,
traditionally used by local people in southern parts of F.Y.R. Macedonia. The presence and content of 7 phenolics in ethanolic extracts of leaves and berries
were studied using HPLC-DAD, where the most dominant compounds were hyperoside, isoquercitrin and chlorogenic acid. The leaf extract was more effective
as a DPPH radical scavenger (ICsp = 29.7 ug/g) than the berry extract, as well as in the relative reducing power on Fe*". Anti-inflammatory potential was
studied by means of cyclooxygenase-1 (COX-1) and 12-lipoxygenase (12-LOX) inhibitory activity; both extracts evinced activity. Furthermore, C. orientalis
leaf extract showed a concentration dependent inhibition of COX-1 pathway products 12-HHT and TXB,, reaching ICs, values below the lowest applied
concentration (68.9% and 55.2% of 12-HHT and TXB, production inhibition, respectively, at concentration of 0.4 mg/mL). Although inhibitors such as
acetylsalicylic acid and quercetin showed higher activity, this study demonstrates that the investigated extracts are potential anti-inflammatory agents.
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Medicinal use of extracts prepared from the leaves, flowers, and
fruits of hawthorn (Crataegus spp., Rosaceae) dates back to ancient
times. The plant is still a popular herbal medicine, widely used in
traditional as well as in official medicine for preventing and treating
cardiovascular  diseases including angina, hypertension,
arrhythmias, and congestive heart failure [1,2]. Hydroalcoholis
extracts of Crataegus species have been found to possess
hypocholesterolemic effect [3] and to inhibit angiotensin-converting
enzyme [4]. The main secondary metabolites of hawthorn are
flavonoids, proanthocyanidins, anthocyanins, organic and phenolic
acids. Terpenes, lignans, phenylpropanoids, hydroxycinnamic acids
and even essential oils have been reported [2]. Flavonoids and
oligomeric proanthocyanidins are considered to be most important
for pharmacological activity [3]. Different Crataegus species have
been used as herbal medicines in many countries, including species
that are official in the European Pharmacopoeia 7.0 [5], such as
C. monogyna and C. oxyacantha. On the other hand, the usage of
C. orientalis has been reported only in a few Middle East
ethnobotanical surveys [6,7]. A recent ethnobotanical study locates
the usage of C. orientalis in southern parts of F.Y.R. Macedonia
(unpublished data). Thus, studies on C. orientalis are scarce,
compared to other Crayaegus species.

The flavonoid content of leaves, flowers and unripe fruits of
C. orientalis were investigated by Melikoglu et al. [8]; apigenin,
apigenin-7-glucoside, hyperoside, vitexin and vitexin-4'-rhamnoside
were isolated from the leaves, apigenin, quercetin, hyperoside,
vitexin 4'-rhamnoside and rutin from the flowers, and apigenin,
quercetin, hyperoside and rutin from the fruits. Arslana et al. [9]
indicated that the ethanol extract of C. orientalis leaves suppress the
formation of thrombosis in the carrageenan-induced mice tail
thrombosis model and that it could be a good candidate for the
development of a new antithrombotic medicine. Furthermore, Bor

et al. [10] showed that the ethanol extract of C. orientalis leaves
exhibits remarkable antinociceptive, antiinflammatory, and
antioxidant activities.

To the best of our knowledge, the chemical composition of
C. orientalis originating from the Balkan Peninsula has not been
investigated till now and since the biological potency of this species
is not investigated sufficiently, the aim of our study was to
investigate the polyphenolic profile, and the antioxidant and anti-
inflammatory activity of leaves and fruits of C. orientalis native to
the southern parts of F.Y.R. Macedonia.

The total phenolic content of extracts of C. orientalis leaves and
berries varied from 77.4 to 94.2 mg GAE/g of dry extract (Table 1);
the leaves contained higher phenolic content than the berries. Our
results pointed out greater phenolics accumulation in Balkan
growing C. orientalis compared with several hawthorn species from
Turkey where the phenolic content of methanol extracts of berries
ranged from 35.7 to 55.2 mg GAE/g dry weight [11]. On the other
hand, a high value for total phenolic content (343.5 mg GAE/g) in
the ethyl acetate extract of C. monogyna leaves was reported by
Oztiirk et al. [12]. Park et al. [13] studied the ethyl acetate fraction
of hawthorn berries, which were also characterized by high phenolic
and flavonoid contents (140.2 tannic mg/g and 56.5 catechin mg/g,
respectively). Literature data show significant differences in total
phenolic content of hawthorn, probably due to several factors such
as natural habitat, genotype, growth stage, extraction procedure and
method for determination of total phenolics.

Previous studies have shown that the polyphenolic profile of
hawthorn fruits and leaves were different and depended on the
growth stage [14]. Few reports indicated that the flavonoids
were the major markers for the interspecific distinction between
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Table 1: The content of polyphenols (mg/g DW), total phenolic content (mgGAE/g
DW) and free radical scavenging activity (ng/g DW) of methanol extracts of hawthorn
(C. orientalis) leaves and berries.

a

# Compound Leaves Berries p
1 Chlorogenic acid 11.8+0.5 0.9+0.0 0.000002
2 Epicatechin 72+04 n.d. 0.000006
3 Vitexin 2.7+0.0 0.5+0.0 0.000000
4 Rutin 2.5+0.0 0.6+0.0 0.000000
5 Hyperoside 12.9£0.1 1.4+£0.0 0.000000
6 Isoquercitrin 10.4 £0.1 0.9+0.0 0.000000
7 Quercetin 0.5+0.0 0.1+0.0 0.000000
Total phenolic 942+0.1 77.6 +0.8 0.000003
1Cs 29.7+0.1 111.9+0.2 0.000001

* p-value represent the probability that the null hypothesis is true.
n.d. — not detected.

Crataegus species [15]. Our study presents the phenolic
composition of the methanol extracts of C. orientalis leaves and
fruits analyzed by HPLC-DAD at 280 nm and 360.

Identification of seven compounds (chlorogenic acid, epicatechin,
vitexin, rutin, hyperoside, isoquercitrin and quercetin) was made by
comparison of their retention times and UV spectra with pure
standards.

The results of quantitative analyses are shown in Table 1. The main
compounds of the tested extracts were two O-glycosylflavones,
hyperoside and isoquercitrin. Higher content of these flavonoids
(12.9 mg/g DW and 10.4 mg/g DW, respectively) was found in the
methanol extract of C. orientalis leaves. Leaves were also
characterized by high amounts of chlorogenic acid and epicatechin,
unlike in the berries. HPLC analysis of C. orientalis showed
similarity with previously published results for C. monogyna
collected in Serbia [16] and hawthorn species collected in Turkey
and China [11,17]. Hyperoside was found to be the main flavonoid
in the leaves and flowers of C. tanacetifolia, C. orientalis, C.
stevenii and C. microphylla [18]. Liu et al. [17] also showed that
hyperoside and isoquercitrin are the most abundant flavonol
glycosides in the extracts of Chinese hawthorn berries. Polyphenols
are known to be potent antioxidants and radical scavengers [19,20].
Some Crataegus constituents are good antioxidants, among them
hyperoside, quercetin, epicatechin, and chlorogenic acid. They are
also good antilipoperoxidants [21,22]. DPPH scavenging activity of
the investigated methanol extracts are presented in Table 1. The leaf
extract was a more effective DPPH radical scavenger (ICso = 29.7
ug/g) than that of the berries (ICso = 111.9 pg/g). This strong
antioxidant activity is associated with high total phenolic content
and structural characteristics of the most abundant compounds
hyperoside and isoquercitrin. The berries extract exhibited lower
antioxidant activity probably due to considerably lower amounts of
hyperoside, isoquercitrin, chlorogenic acid, and epicatechin.
Remarkable antioxidant activity of a C. orientalis ethanolic extract
was also reported by Bor et al. [10] using in vivo tests. Reducing
power on Fe*" is one of the most frequently used tests for evaluation
of the antioxidant potential of phytochemicals. Figure 1 shows the
reducing power activity of methanol extracts of C. orientalis leaves
and berries as a function of their concentrations. Trolox was used as
a positive control. The reducing ability was found to be dose—
dependent. The relative reducing power of hawthorn extracts on
Fe®* was higher for leaves of C. orientalis than for berries. Like the
radical scavenging activity, the reducing power is also influenced
by phenolic composition of these extracts.

Anti-inflammatory potential of methanol extracts of C. orientalis
leaves and berries was determined using the intact cell system
(platelets) as a source of cyclooxygenase-1 (COX-1) and 12-
lipoxygenase (12-LOX) enzymes and a highly sensitive and specific
LC-MS/MS technique for detection of the main arachidonic acid
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Figure 1: Reducing power activity of methanol extracts of hawthorn leaves and berries.

metabolites formed by them. Explicitly, 12-HHT (12(S)-
hydroxy(5Z,8E,10F)-heptadecatrienoic acid), TXB, (thromboxane
B2) and PGE, (prostaglandin E,) are inflammation mediators
derived from arachidonic acid metabolism, which is catalyzed by
COX-1 enzyme, while 12-HETE (12(S)-hydroxy-(5Z,8Z,10E,14Z)-
eicosatetraecnoic acid) is a product of a 12-LOX pathway
inflammatory response. The results of the inhibition potential of C.
orientalis extracts, as well as of the known antiinflammatory agents
aspirin and quercetin are shown in Table 2.

Table 2: ICs, values for COX-1 and 12-LOX assay of examined C. orientalis extracts.

COX-1 pathway 12-LOX pathway

12-HHT" TXB, PGE, 12-HETE
Ext. L <04 c <04 c na’ d 2.8+0.1 d
(mg/mL) B 2.0+02 d 20+0.2 d 1.6+0.2 c 0.5+0.1 b
Std. A 5004 a 5.0+0.1 a 56+0.5 a na e
(mg/mL) [Y 22421 b 53.7+£2.5 b 12.8+£0.3 b 7.4+ 0.6 a

“Values are means + SD of three measurements. Means with different letters (a-f) differ
significantly (p < 0.05). "na, 50% inhibition not achieved.
Samples tested: L — leaves; B — berries; A — aspirin; Q — quercetin.

C. orientalis leaves extract showed concentration-dependent
inhibition of COX-1 pathway products 12-HHT and TXB,, reaching
ICsy values below the lowest applied concentration (68.9% and
55.2% of 12-HHT and TXB, production inhibition, respectively, at
a concentration of 0.4 mg/mL). Lower, but also significant
inhibitory activity towards production of the same metabolites was
also achieved by C. orientalis berries extract. Previously, it has
been reported that C. oxycantha tincture and its isolated flavonoids
inhibit the formation of potent inflammatory and platelet
aggregation mediator TXA, an unstable metabolite which is
hydrolyzed within about 30 seconds to TXB, [23]. Taking into
account the TXB, inhibition potential of C. orientalis extracts
determined in our study, some attention should be drawn to
Crataegus species as a possible inhibitor of TXA, synthase. Since
TXA, synthase is an enyzme that follows COX-1 in the formation
of TXA,, a possible target for moderating inflammation by
Crataegus species could be this point of arachidonic acid
metabolism. Inhibition of PGE, production by C. orientalis was not
concentration-dependent. In contrast, both examined extracts
showed potential of 12-LOX inhibition. This finding could lead to
meaningful studies of cytotoxic activity, because it was found
that 12-HETE is also involved in the progression of various
cancers [24]. Generally, the obtained results are in accordance
with previously reported in vivo anti-inflammatory activity of
C. orientalis collected in Turkey [8]. Overall, better activity of C.
orientalis leaf extracts could be, at least partially, ascribed to higher
content of phenolics than in berries. Particularly, the synthesis of
compounds in the COX-1 and 12-LOX pathways, which go through
radical reactions [25] might be terminated by phenolics. The
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determined COX-1 and 12-LOX pathway inhibition potential of
C. orientalis extracts was significantly lower than the activity of a
well-known potent inhibitor of COX-1, aspirin and 12-LOX,
quercetin. On the other hand, the achieved range of extract activities
is indisputably comparable with that of some species traditionally
used and well-known as anti-inflammatory agents [26].

In the present study, C. orientalis leaves and berries were
investigated for their chemical composition, antioxidant and anti-
inflammatory activity. This species showed notable phenolic
content with hyperoside, isoquercitrin and chlorogenic acid as
dominant compounds. Both extracts showed DPPH radical
scavenging activity where leaves were more effective due to a high
total phenolic content. Relative reducing power on Fe** was also
higher for leaves of C. orientalis. Anti-inflammatory potential was
shown by inhibition of cyclooxygenase-1 (COX-1) and 12-
lipoxygenase (12-LOX) enzymes. Thus, C. orientalis leaves and
berries may be considered as a significant therapeutic source.

Experimental

Plant material: Plant material was collected at the mountain
Gali¢ica (altitude 950 m) in southern F.Y.R. Macedonia. Leaves
were collected in June 2010, while fruits were collected in October
2010. Voucher specimens (IPLB 345L and IPLB 346F) have been
deposited in the herbarium of the Institute for Medicinal Plants
Research ‘Dr Josif Pan¢i¢’, Belgrade, Serbia.

Extraction procedure: Collected leaves and berries of C. orientalis
were air dried, ground and extracted in a Soxhlet apparatus for 72 h
with 96% ethanol. The amount for extraction was: leaves 28.2 g and
berries 38.1 g. Extracts were evaporated under vacuum at 40°C and
were used for further analysis. The yields of the extracts were as
follow: leaves 8.5 g, berries 15.5 g. Prior to HPLC analysis, the dry
extracts of leaves (20 mg) and berries (50 mg) were dissolved in
methanol (1 mL) and filtered through 0.45 pm membrane filters.

Total phenolic content: The content of total phenolics was
determined according to the Folin-Ciocalteu colorimetric method,
with some modification [27]. In brief, a methanol solution of extract
(100 pL) was oxidized with Folin-Chiocalteu reagent (500 pL,
previously diluted 10-fold with distilled water). The reaction was
neutralized with saturated sodium carbonate (400 pL, 75 g/L). After
2 h of incubation at room temperature, absorbance was measured by
an UV-Visible spectrophotometer (Agilent 8453) at 765 nm.
Quantification was performed based on the standard curve of gallic
acid and results were expressed as mg of gallic acid equivalents
(GAE) per g dry weight of extract (DW).

Quantification of polyphenols: Phenolic acids and flavonoids were
quantified by high-performance liquid chromatography using an
Agilent 1100 chromatograph equipped with a DAD detector. HPLC
analysis was performed with an Agilent Zorbax SB-C18 analytical
column (250 mm x 4.6 mm, 5 pm particle size). The mobile phase
consisted of solvent A (1%, v/v, orthophosphoric acid in water) and
solvent B (acetonitrile), using gradient elution as follows: 10% B 0
min, 10-25% B 0-30 min, 25-55% B 30-40 min, 55-100% B 40-50
min, 100% B 50-55 min. Detection wavelengths were set at 280 and
360 nm, and the solvent flow rate was 0.8 mL/min. The amounts of
the compounds were calculated using calibration curves of
standards. The results were expressed as mg per g dry weight of
extract.

Reducing power: The reducing power of the tested extracts was
evaluated according to the method described by Li et al. [28], with
several modifications. The methanol solution of extracts (200 pL,
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0.1-1 mg/mL) was mixed with phosphate buffer (500 pL, 0.2 mM,
pH=7) and potassium ferricyanide (400 pL, 10 mg/mL). After
incubation at 50°C for 20 min, trichloroacetic acid (500 pL, 100
mg/mL) was added and the mixture was centrifuged at 2000 x g for
10 min. The supernatant (500 pL) was mixed with distilled water
(500 pL) and FeCl; (100 pL, 1 mg/mL), and the mixture was left to
stand for 10 min at room temperature. Finally the absorbance of
solution was measured by an UV-Visible spectrophotometer
(Agilent 8453) at 700 nm. Trolox was used as a positive control.
The increased absorbance indicated increased reducing power.

Free radical scavenging activity: The free radical scavenging
activity of the fractions was analyzed using the DPPH assay
following a method described by Brand-Williams et al. [29]. The
reaction mixture (1 mL) contained 500 uL of daily prepared DPPH
solution (150 puM) and 500 pL of various concentrations (0.03,
0.06, 0.125, 0.25 and 0.5 mg/mL) of the tested extracts dissolved in
methanol. After vortex mixing, the solutions were kept in the dark
for 20 min at room temperature. Thereafter, the absorbance was
measured at 517 nm. Trolox and ascorbic acid were used as positive
controls. The percent inhibition was calculated against the control
solution containing methanol instead of test solution.

Anti-inflammatory activity: Ex vivo COX-1 and 12-LOX assay was
undertaken according to the method previously described [30]. An
aliquot of human platelet concentrate, viable, but outdated for
medical treatment, which contained 4 x 108 cells was suspended in
buffer (0.137 mol/L NaCl, 2.7 mmol/L KCI, 2.0 mmol/L KH,POy,,
5.0 mmol/L Na,HPO, and 5.0 mmol/L glucose, pH 7.2) to obtain a
final volume of 2 mL. This mixture was slowly stirred at 37°C for 5
min. Subsequently, 0.1 mL of either extracts or standard compound
solutions in DMSO (concentration ranging from 10.0 to 300.0,
0.156 to 5.0 and 0.01 to 0.6 mg/mL for extracts, quercetin and
aspirin, respectively) and 0.1 mL of calcimycin (125 pmol/L in
DMSO) were added and incubated for 2 min at 37°C, with moderate
shaking. The exact amount of extract in control and calcimycin in
blank probe were substituted with solvent (DMSO). Thereafter, 0.3
mL of CaCl, aqueous solution (16.7 mmol/L), substituted with
water in a blank probe, was added and the mixture was incubated
for a further 5 min at 37°C with shaking. Acidification with cold
1% aqueous formic acid (5.8 mL) to pH 3 terminated the reaction. If
gel formation occurred, vortexing was applied before mixing with
the acid. Internal standard PGB, (50 pL of 6 pg/mL solution in
DMSO) was added and the mixture extracted with chloroform and
methanol (1:1, 8.0 mL) with vigorous vortexing for 15 min. After
centrifugation at 7012 x g for 15 min at 4°C, the organic layer was
separated, evaporated to dryness, dissolved in methanol (0.5 mL),
filtered and used for further LC-MS/MS analysis, previously
described by Beara et al. [26]. The percent of COX-1 and 12-LOX
inhibition achieved by different concentrations of extract was
calculated by the following equation: 1(%)=100%(Ry—R)/R,, where
Ry and R were response ratios (metabolite peak area/internal
standard peak area) in the control reaction and in the examined
samples, respectively. Both R and Ry were corrected for the value
of the blank probe. Corresponding inhibition—concentration curves
were drawn using Origin 8.0 software and ICsy values
(concentration of extract that inhibited COX-1 and 12-LOX
metabolites formation and cell growth by 50%) were determined.

Statistical analysis: For cach assay and extract composition
determinations, all the results were expressed as meantstandard
deviation of 3 different measurements. A comparison of the group
means and the significance between the groups were verified by
one-way ANOVA followed by post-hoc Duncan’s multiple range
test. Level of statistical significance was set at P<0.05.
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Compounds names: 12-HETE: 12(S)-hydroxy-(5Z,8Z,10E,14Z)-
eicosatetraenoic  acid;  12-HHT:  12(S)-hydroxy(5Z,8E,10E)-
heptadecatrienoic  acid; 12-LOX: 12-lipoxygenase; COX-1:
cyclooxygenase-1; PGB,: prostaglandin B,;PGE,: prostaglandin E,;
TXA,: thromboxane A,;TXB,: thromboxane B,;.
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Leaves of Eriobotrya japonica (loquat) have been used in Traditional Chinese Medicine with beneficial effects in numerous diseases. Extracts from loquat
leaves are rich in antioxidants, containing among others: triterpenes, sesquiterpenes, flavonoids, tannins, and megastigmane glycosides. However, there is no
conclusive study revealing which of these compounds are the main bioactive principles. The goal of this study was to pinpoint compounds responsible for
strong antioxidant activity. Eriobotryae folium was extracted and fractionated between solvents of increasing polarity. All extracts and fractions were screened
for total polyphenols and tannins, and antioxidant activity was checked by DPPH, phosphomolybdenum and linoleic acid tests. The ethyl acetate fraction
demonstrated the highest antioxidant activity and contained the largest amount of polyphenols. Applying HPLC-based activity profiling to localize
antioxidants revealed that cinchonain IIb, as well as flavonoid glycosides such as hyperoside, isoquercitrin, kaempferol glycosides, quercetin-rhamnoside, as
well as two tentatively identified protocatechuic acid derivatives are the main substances responsible for the strong antioxidant activity of the ethyl acetate

fraction.

Keywords: Eriobotrya japonica, Cinchonain, Antioxidant, Polyphenols.

Eriobotrya japonica Lindl. (Rosaceae), also known as 'loquat', has
been widely used in Traditional Chinese Medicine with beneficial
effects in numerous diseases, such as asthma, gastroenteric
disorders, diabetes mellitus, chronic bronchitis and pulmonary
inflammatory diseases [1]. Triterpenes, sesquiterpenes, flavonoids,
tannins and megastigmane glycosides have been found in the leaves
of E. japonica and some of these have demonstrated antitumor,
antiviral, hypoglycemic and anti-inflammatory properties [1-3].
These beneficial effects could be partly attributed to their
antioxidant and free radical scavenging activities [4-6]. Despite
loquat having been proved to be one of the richest sources of
antioxidants [7], there is still a lack of knowledge about the
substances responsible for its strong antioxidant activity. The goal
of this study was to pinpoint these compounds. In the first step, raw
material from China was extracted using ultrasound-assisted
extraction and fractionated between solvents of increasing polarity.
All extracts and fractions were screened for total polyphenols and
tannins.  Antioxidant activity was checked by DPPH,
phosphomolybdenum and linoleic acid tests (Table 1).

The ethyl acetate fraction demonstrated the highest ability to
scavenge the 2,2’-diphenylpicrylhydrazyl radical, as well as the
highest capacity to reduce metal ions, and the ability to prevent the
oxidation of linoleic acid (Table 1). The reducing power of each
fraction, expressed as the percentage of ascorbic acid equivalent
activity, was weak at 37°C for all fractions. What is interesting,
despite the n-butanol fraction having significantly weaker capacity
to reduce metal ions at 37°C in the phosphomolybdenum assay, at
90°C it was equally as strong as the ethyl acetate fraction. This may
be caused by a significantly greater content of thermolabile
antioxidants such as polyphenols and tannins in this fraction [8].

We assessed the inhibition of peroxidation of linoleic acid by
detection of final peroxidation products, such as malonyl
dialdehyde and other molecules that react with thiobarbituric acid.
The ethyl acetate and butanol fractions showed the highest
inhibition, lowered TBARS by 69.5% and 66.5%, respectively, at
500 pg/mL concentration. These fractions revealed strong
inhibition, even at very small concentration (10 pg/mL), by 48.1%
and 48.0%, respectively. Spearman's rank correlation showed strong
correlation between DPPH assay (ECs)) and the content of
polyphenols (-0.942) and tannins (-0.828) (Table 2).

Table 1: Phenolic and tannin content of each fraction and their antioxidant activity.

Reducing power TPC .
AAEg(‘I’;o) LA- Total Tannins
] DPPH PerQdeat Polyphenols content
Fraction ECs 370C 90°C -ion (GAE) (GAE)
ug/mL % y mg/g
inhibition me'e fraction
fraction
Acetone 39.4 1.7 373 23.7 78.4 25
Dichloromethane 60.2 1.9 435 24.8 22.4 6
Diethyl ether 473 2.4 18.7 209 39.4 14
Ethyl acetate 223 4.5 57.4 69.5 177.4 54
n-Butanol 354 3.1 57.5 66.5 89.4 32
Water 98.1 1.1 46.5 15.3 35.4 24

Taking into account the results above, we selected the ethyl acetate
fraction for further study. HPLC-based activity profiling was
applied to localize compounds responsible for the strongest
antioxidant activity. With this approach, sub-mg amounts of a
fraction were efficiently separated by analytical scale HPLC and
automatically fractionated into micro-fractions in 96-well plates.

After drying, the plates were retested for antioxidant activity by
DPPH assay. Micro-fractionation was carried out with a short C18
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Table 2: Spearman Rank Order Correlation. Marked correlations are significant at

p<0.05.
Reducing power TPC Tannins
AAE (%) LA- Total
DPPH Peroxid. Polyphenols content
Variable EC50 37°C 90°C % (GAE) (GAE)
ug/mL P mg/g
inhibition mg/g ;
. fraction
fraction
DPPH EC50 1.00 -0.83 -0.43 -0.83 -0.94 -0.83
AAE 37°C -0.83 1.00 -0.43 -0.83 0.71 0.54
AAE 90°C -0.43 -0.43 1.00 0.60 0.48 0.66
LA-Peroxid. -0.83 -0.83 0.60 1.00 0.66 0.60
TPC -0.94 0.71 0.45 0.66 1.00 0.94
Tannins -0.83 0.54 0.66 0.60 0.94 1.00

analytical column selected after preliminary experiments for its
reasonable performance, fast separation and low solvent
consumption. The chemical composition of the ethyl acetate
fraction was evaluated by HPLC-DAD-MS’. We identified 18
constituents: one phenolic acid (3), two flavonolignans (4, 8), nine
flavonoids (5-7, 9-14), one sesquiterpene glycoside (17), one
triterpene acid (18) and tentatively determined two protocatechuic
acid glycosides (1, 2) and two kaempferol glycosides (15, 16)
(Table 3). All identified compounds were previously detected in this
plant [1, 9-14]. Figure 1 shows a chromatogram of the ethyl acetate
fraction acquired at 220-450 nm, and Table 3 presents the UV and
mass spectral data of the detected compounds. Although most of the
eluting microfractions have some anti-radical activity, there are
only a few clearly outstanding peaks. Compounds 1, 2, 8, 10-12,
and 14 are especially interesting due to their strong capacity to
scavenge DPPH radicals. The strong antioxidant activity of
flavonoid glycosides is widely known [15], but using HPLC-based
activity profiling we can see which of them play the most important
roles in the antioxidant properties of the ethyl acetate fraction. The
major highly active compound was 8, identified as cinchonain IIb.
Despite a small amount of it in this fraction, it markedly contributed
as the second strongest DPPH scavenging peak. Earlier study
confirmed strong DPPH free radical scavenging activity of
cinchonain IIb, where it achieved an ECsy of 5.05 umol/L compared
with 30.1 umol/L for ascorbic acid [16]. In the ethyl acetate fraction
there are also substances with very strong antioxidant activity
(compounds 1 and 2), not fully characterized so far.

However, based on their MS-MS spectra and molecular formula
prediction by HR-TOF-MS we identified compound 1 tentatively
as a protocatechuic acid hexoside. The negative ionization parent
ion at m/z 315 after the loss of the hexosyl molecule would yield a
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Figure 1: HPLC-DAD chromatogram of ethyl acetate fraction of Eriobotrya japonica leaves
acquired at 220-450 nm joined with antioxidant activity of subfraction (% reduction of
DPPH). For illustration purposes, a baseline correction in the Bruker Data Analysis ver. 4.2
was used.

fragment at m/z 153, corresponding to protocatechuic acid - H" and
the fragment at m/z 109 would be protocatechuic acid after loss of a
carboxyl moiety [17]. The same fragmentation pattern was observed
for compound 2 (m/z 505), which leaves an unidentified moiety
responsible for the ion at m/z 190, but the respective fragment ion
was not detected in the MS, so it could be a result of a neutral loss.
We hypothesize that it could be another derivative of a
protocatechuic glycoside. The molecular formula predicted by the
software is quite unlikely for the obtained mass spectrum, though.

In conclusion, we can confirm that HPLC-based activity profiling is
a good method to localize the compounds with highest antioxidant
activity. For the ethyl acetate fraction of E. japonmica leaves it
allowed detection and direct assessment of strong antioxidant
activity of a few polyphenols, but also pointed to a very strong
activity and abundance of two putative dihydroxybenzoic
derivatives that are worth investigating further aiming at their
isolation, full identification and detailed bioactivity testing.

Table 3: UV, MS" and HR-MS data of compounds detected in ethyl acetate fraction.

Retention + - formula**
¢ UV [M+H] » [M-H] ) qTOF
Compound time [nm] s MS m/a MS m/z [M-HJ Error (ppm)
[min]
1 *Protocatechuic acid O-hexoside 1.9 285 153, 109 315.0732 -3.1 Ci3H40y
2 *putative Protocatechuic acid —O-hexoside derivative 350 260,204 507 155 505 315153109 5049900 07 O
20412615
3 Chlorogenic acid 16.7 220,324 355 338 353 337 353.0897 -5.5 C6H50,
4 Cinchonain Id 7-O-B-glucopyranoside 17.7 241,295 615 308 613 306 613.1621 9.5 C30H30014
5 (-)Epicatechin 20.7 239,280 291 289 245,205 289.0726 2.9 Cy5H,40¢
6 Kaempferol- 3-O-a-L-(2”,4”-di-E-feruloyl)-rhamnoside 23.1 785 435 783 437 783.1951 -2.5 Cy4H34016
7 Procyanidin C1 267 239,279 867 gos 0T 652356 235 CiHyOy
8  Cinchonain ITb 27.9 281 741 589 739 587 739.1668 -2.5 C3oH3,045
9 Rutin 28.9 220,283 611 453 609 451 609.1475 2.3 CyH;30046
10  Hyperoside 304 255,352 465 303 463 301 463.0891 2.0 C2Hy01
11  Isoquercitrin 309 256,352 465 303 463 301 463.0885 -0.8 CyHy01
12 *Kaempferol pentosyl-hexoside 314 266, 344 597 465 595 463 593.1518 -1.1 Cy7Hy05
13 Kaempferol-3-glucoside 32.7 449 287 447 285 447.0950 -3.9 C,Hy0y,
14  Quercetin rhamnoside 34.1 257,345 449 303 447 301 447.0944 -2.6 C,Hy01,
15 *Kaempferol glycoside 37.8 220,264 433 287 431 285 431.0999 -3.6 CyHy040
16  unknown compound 42.6 220 711 485 709 591 709.3805 -0.9 C37Hs7013
Nerolidol-3-O-a-L-rhamnopyranosyl-(1-4)-a-L-rhamnopyranosyl-(1-2)-[ a-L-(4-z-
17 feruloyl)- rhamnopyranosyl-(1-6)]-B-D-glucopyranoside 543 221,321 999 823 997 821 997.4646 0.4 CyH7405
18  3-O-p-Coumaroyl-tormentic acid 61.8 221,311 635 633 no data

* tentatively identified
**prediction of molecular formula based on SmartFormula package of Bruker Compass software.



Polyphenols in Eriobotrya japonica (loquat)

Experimental

Plant material: The leaves of Eriobotrya japonica (Rosaceae), were
obtained from a vendor of traditional Chinese medicines, Beijing
Tong-Ren-Tang (China). A voucher sample is deposited in the
herbarium of Botanical Garden of Medicinal Plants (specimen
database entry “Rosac_Eriobotrya japonica CN_Nawrot2015-17).
The dried leaves (70.0 g) were extracted with acetone/water (70:30,
v/v, 5 x 500 mL) at 30°C, in an ultrasonic bath (Polsonic, Poland).
Acetone and water were evaporated under reduced pressure. The
dry extract (4.0 g) was suspended in water (100 mL) and partitioned
between dichloromethane (5 x100 mL), diethyl ether (4 x100 mL),
ethyl acetate (5 x100 mL) and finally n-butanol (5 x100 mL),
affording 0.86, 0.34, 0.11, and 0.11 g of each dried fraction,
respectively and 0.55 g of water residue fraction.

Reagents: 2,2-Diphenyl-1-picrylhydrazyl (DPPH), thiobarbituric
acid (TBA), and hide powder were purchased from Sigma-Aldrich
(Steinheim, Germany). Linoleic and gallic acid were purchased
from Fluka AG, and trichloroacetic acid from Ubichem UK. All
other reagents and solvents were obtained from Avantor-POCh,
(Gliwice, Poland).

DPPH scavenging assay: The ability to scavenge the DPPH free
radical was monitored according to a modified method of [17].
Briefly, DPPH solution (0.3 mM) was prepared in methanol. The
extract and fractions were dissolved in a mixture of methanol and
water (9:1, v/v) to obtain stock solution (1 mg/mL). Then each stock
solution was diluted to obtain final concentrations of 1-250 pg/mL
in the assay mixture. DPPH solution (125 pL) and 125 pL of the test
extract and fractions at different concentrations were added to a 96-
well plate. The absorbance at 517 nm was measured 30 min after
mixing using a microplate reader (WQUANT, BioTek, USA).
Vitamin C was the positive control. The percentage of scavenged
DPPH was then calculated according to Eql:

%DPPH=((Abt-Abr)/Ab0)x100

where Abt is the absorbance of DPPH solution with the test
extracts, AbO is the absorbance of DPPH solution with a mixture of
methanol and water (9:1, v/v) and Abr is the absorbance of the test
extract solution with the addition of methanol. The antiradical
activity of extracts was expressed as an ECSO value.

Phosphomolybdenum reduction assay: The antioxidant capacity of
the extract and fractions was assessed as described by Prieto et al.
[18], with our modifications [19]. Extract and fractions were
dissolved in a mixture of methanol and water (9:1 v/v) to obtain
stock solution (5 mg/mL). Then each stock solution was diluted to
obtain final concentrations of 10-500 pg/mL in the assay mixture.
The extract and fractions were combined with the reagent solution
containing ammonium molybdate (4 mM), sodium phosphate (28
mM) and sulfuric acid (600 mM). The reaction mixture was
incubated in a water bath at either 37°C or 90°C for 90 min. The
absorbance of the colored complex was measured at 695 nm. The
antioxidant activity was compared with that of ascorbic acid in the
same concentration range.

Inhibition of linoleic acid peroxidation: The procedure of Wozniak
et al. [19], using Fenton reaction induced lipid peroxidation, has
been adapted for this assay. The extract and fractions dissolved in
water, achieved a concentration range of 10-500 pg/mL in the assay
mixture. Each fraction (150 uL) was mixed with 500 puL phosphate
buffer (0.1M, pH 7.4), and 550 pL linoleic acid emulsion (linoleic
acid mixed with Tween 80, 3:1, w/w); next 1.12 g emulsion was
mixed with 50 mL 0.1 M phosphate buffer (pH 7.4)), and 150 pL 10
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mM ascorbic acid. The peroxidation was started with the addition of
150 pL 10 mM FeSO,. The reaction mixture was incubated for 90
min. at 37°C. Thereafter, 1.5 mL of 10% ice cold trichloroacetic
acid was added and 1.5 mL of 1% thiobarbituric acid in 50 mM
NaOH. The samples were heated in a water bath at 90°C for 10 min.
After cooling the samples, 2 mL of n-BuOH was added and mixed
well. The absorbance was read at 532 nm after transferring 300 pL
of BuOH phase from samples to the 96-well plate. The percentage
of linoleic acid peroxidation inhibition was calculated as in [19],
using appropriate controls. Quercetin was used as a positive control.

Total polyphenols and tannins: Total phenolic content was
determined with the Folin-Ciocalteu reagent according to a
procedure described previously [20]. Tannin compounds were
measured by parallel experiments with extracts vortexed for 1 h with
10 mg mL"" using hide powder. The results were expressed as gallic
acid equivalents according to the standard gallic acid calibration
curve. Total tannins were calculated by subtraction of polyphenols
non-absorbed by hide powder from the total phenol content.

HPLC apparatus: HPLC analyses were performed using an Ultimate
3000RS series system (Thermo Dionex, Idstein, Germany) equipped
with a low-pressure quaternary gradient pump for a working pressure
of up to 103MPa with vacuum degasser, an auto-sampler, a column
compartment, and a diode array detector. For mass spectrometry,
either a high resolution Time-of-flight mass spectrometer (Bruker
qTOF Compact, Bruker Daltonik, Bremen, Germany) or an ion trap
(Bruker Amazon SL) equipped with ESI interface was used. The
system was controlled by Bruker HyStar. Microfractioning
approach was adapted from Hamburger et al. [21]. Collecting of
fractions was made with a Gilson 203 fraction collector.

HPLC-DAD  conditions  for  micro-fractionation: ~ Micro-
fractionation was carried out using a Kinetex C18 analytical column
(50 mmx3.0 mmx1.7 pum) (Phenomenex Torrance, CA, USA).
Column temperature was maintained at 25°C. Elution was
conducted using mobile phase A {water:formic acid (100:0.1, v/v)}
and mobile phase B {acetonitrile:formic acid (100:0.1, v/v)} with a
gradient as follows: 0-35 min 0-21% B, 3540 min 21-30% B, 40-
52 min 30-35% B, 52-62 min 35-100% B, and 62-65 min 100% B;
the flow rate was 0.250 mL/min. A microfraction was collected
every 30 sec. The fractions were dried under a gentle stream of
nitrogen and tested for bioactivity. Volumes of 5, 10 or 20 puL of
ethyl acetate fraction (3 mg/mL concentration) were introduced by
the autosampler to the column. Each of the injections was
performed in duplicate. UV spectra were recorded in the range of
200—450nm.

LC-MS analysis: The eluate leaving the DAD detector was
introduced into the mass spectrometer without splitting. For MS'
and HR-MS we used the qTOF mass spectrometer, whereas for MS?
the ion trap detector was used. The parameters for ESI source were:
nebulizer pressure 40 psi; dry gas flow 7 L/min; dry temperature
200°C and capillary voltage 2.2 kV. Analysis was carried out using
scanning from m/z 50 to 2200. Compounds were analyzed in
negative and positive ion mode and processed using Bruker
Compass software.

Statistical analysis: Each of the antioxidant tests and analysis of
total polyphenols and tannins was made in 6 repetitions. Spearman's
rank correlation and ECsy were calculated using Statistica 12
(Statsoft, Poland).
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Samples of Thymus alsarensis Ronniger, an endemic species for the Allchar locality, were evaluated for their polyphenolic composition and heavy metals.
Allchar district is an abandoned antimony-arsenic-thallium deposit in the north-west of Kozuf Mountain, R. Macedonia, with a unique mineral composition
affecting the mineral composition of the flora. A systematic method for phenolic compounds characterization was developed using mass spectrometry coupled
to HPLC/DAD. Analyses were focused on the polyphenolic compounds to establish a possible correlation to the region specific heavy metals As and Tl in the
different organs of T. alsarensis. Twenty-seven polyphenols: phenolic acid derivatives and flavonoid glycosides of luteolin, apigenin, quercetin, and
kaempferol were detected; contents were higher in the leaves and flowers compared with stems and roots. Quinic acid (1), prolithospermic acid (6), salvianolic
acid B (7), salvianolic acid A (8), monomethyl lithospermate (9), luteolin dihexoside (12), luteolin pentosyl-hexoside (14), luteolin acetyl pentosyl-hexoside
(16), luteolin acetyl hexoside (17), luteolin dipentoside (21), luteolin pentoside (24), luteolin acetyl dipentoside (25), kaempferol pentosyl-hexoside (19) and
kaempferol acetyl pentosyl-hexoside (22) were detected in 7. alsarensis for the first time.

To assay the content of As and T, root, stem, leaf and flower samples were analyzed by inductively coupled plasma atomic emission spectrometry (ICP-AES).
Significant accumulation of As and Tl was observed with As content from 0.25 to 140 mg/kg and T from 0.10 to 496 mg/kg. The content of As was much
higher in the roots, while the content of T1 was significantly higher in the roots, flowers and leaves in all T. alsarensis specimens. Comparison of the results
obtained for total polyphenols and for As and T content does not suggest any correlation (positive or negative) between the total phenolic content and the
content of Tl and As. On the other hand, it is evident that the soil rich with specific heavy metals (T1 and As) affects the type of polyphenolic compounds

produced in different organs, compared with other Thymus species growing on soil that is not contaminated.

Keywords: Thymus alsarensis Ronniger, Allchar, Polyphenols, Heavy metals, Correlation.

Allchar district is an abandoned antimony-arsenic-thallium deposit
in the north-west of Kozuf Mountain, Republic of Macedonia, with
a complex and unique mineral composition that affects the flora in
the region. The genus Thymus is one of the most polymorphic
genera of the Lamiaceae family. Species of this genus are
characterised by emphasized polymorphism and the presence of a
number of subspecies, varieties and forms. Thymus flora is very rich
and diverse in the territory of the Republic of Macedonia [1]. T.
alsarensis Ronninger of the genus Thymus L., Sect. Marginati (A.
Kerner) A. Kerner, Subsect.Verticillati (Klok. et Shost.) Menitsky is
an endemic aromatic and medicinal plant present in the Allchar
locality [2].

Wild thyme is used as an expectorant, antispasmolitic, antiseptic
and anthelmintic [3]. Infusion and decoction of aerial parts of
Thymus species are used to produce tonics, carminatives, digestive
aids, antispasmodics, anti-inflammatories and expectorants [4].
Furthermore, such preparations are used for the treatment of the
common cold in Macedonian traditional medicine. Previous
investigations on Macedonian Thymus samples have attempted to
characterise the composition of essential oil as well as the content
of flavonoids [5a-5¢] and some trace elements [6] in these herbs.

Certain plants can accumulate essential and nonessential heavy
metals in their roots and shoots to levels far exceeding those present
in the soil. Metal accumulating plant species are invariably

restricted to metalliferous soils found in different regions around the
world [7a]. The mechanisms of metal accumulation, which involve
extracellular and intracellularmetal chelation, precipitation and
translocation in the vascular system, are poorly understood [7b].
Only a restricted number of plants from the local flora are able to
grow in metalliferous soils, and it probably affected their metabolic
pathway which is in correlation with polyphenolic compounds
production. In the present work, a thorough study has been made to
determine the polyphenolic profiles and content of 7. alsarensis
from the Macedonian flora, using HPLC coupled to UV-Vis diode
array detection and tandem mass spectrometry with an electrospray
ionization source (LC/DAD/ESI-MS"). The systematic analysis for
identification and quantification of all present phenolic compounds
including phenolic acids, flavonols, flavones and flavanones has
been carried out in order to establish a possible correlation between
polyphenolic compounds and specific heavy metals (As and TI) in
the different organs of the endemic 7. alsarensis.

Qualitative analysis: In total, 27 phenolic compounds were
identified and classified into four groups: phenolic acid derivatives
(9), flavones (11), flavonols (5) and flavanones (2). All retention
and spectral data for the detected compounds are given in Table 1.

Phenolic acids: Compound 2 had a [M-H] ion at m/z 341, which
fragmented in MS? to m/z 179 and 161, characteristic for caffeic
acid. The loss of 162 amu indicates the presence of a sugar moiety.
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Table 1: Retention times, UV-Vis, and mass spectral data of phenolic compounds present in Thymus alsarensis

Compounds t (min) UV(nm) [M-H] (m/z) -MS*[M-H] (m/z)
Phenolic acids
1 Quinic acid 7.9 238,284 191 173,111
2 Caffeic acid hexoside 8.5 238, 288sh, 328 341 179, 163
3 Salviaflaside derivative 20.2 238, 290sh, 330 701 521, 359
4 Rosmarinic acid 22.6 238, 288sh, 328 359 197,179, 161
5 Hydroxy jasmonic acid O-hexoside 22.8 252, 300sh, 332 387 369, 207, 163
6  Prolithospermic acid 229 357 313,269
7 Salvianolic acid B 23.8 238, 296sh, 330 717 519, 475
8  Salvianolic acid A 28.0 240, 298sh, 328 493 359, 161
9  Monomethyl lithospermate 34.8 290, 326 551 519, 359
Flavone
10 Apigenin C-hexoside-C-hexoside 229 238,272,336 593 473,353
18  Apigenin 7-O-glucoside 29.6 286, 332 431 269
12 Luteolin dihexoside 24.7 254, 286sh, 308, 334 609 447, 285
14 Luteolin pentosyl-hexoside 25.5 234,256, 328 579 447,285
15 Luteolin 7-O-glucoside 26.4 234, 256sh, 328 447 285
16 Luteolin acetyl pentosyl-hexoside 29.1 234,292sh, 326 621 579, 561, 285
17 Luteolin acetyl hexoside 29.2 266, 344 489 285
20  Luteolin 7-O-rutinoside 30.7 240, 288, 328 593 285
21 Luteolin dipentoside 31.0 292,334 549 417,285
24 Luteolin pentoside 32.6 232,288 417 371, 285
25 Luteolin acetyl dipentoside 36.4 256, 350 591 549, 531, 285
Flavonols
11 Quercetin 3-O-glucoside 24.5 236,282, 348 463 301
23 Quercetin 3-O-rutinoside 319 236,282, 348 609 301
19 Kaempferol pentosyl-hexoside 29.9 288,334 579 417,285
22 Kaempferol acetyl pentosyl-hexoside 313 256, 350 621 417, 285
27 Kaempferol 433 256, 352 285 241,216
Flavanone
13 Hesperetin glucoside 25.0 290 463 301
26 Naringenin 38.9 290 271 177,151

Compound 4 produced two fragments [M—H-198] (m/z 161, 100%)
and [M—H-162] (m/z 197) corresponding to rosmarinic acid [8a].

Compound 3 had a deprotonated molecular ion at m/z 717. The MS?
spectra of the [M—H] ion showed fragment ions at m/z 519 [M—H-
198] and 359 [M—H-198-162], indicating a loss of a sugar moiety.
This compound was tentatively identified as a salviaflaside
(rosmarinic acid 3'-glucoside) derivative. The MS of compounds 7
and 8, salvianolic acid B and A, respectively, had characteristic
fragmentation pattern indicating the presence of caffeoyl moieties.
Their identification was tentative and supported by literature data
[8b]. Compound 9 had a molecular ion at m/z 551, and MS>
fragment ions at m/z 519 and 359, which also indicate the presence
of rosmarinic acid in the structure. It was identified as monomethyl
lithospermate. Compound 5 had a deprotonated molecular ion at m/z
387, and MS? fragments at m/z 367, 207, and 163, which correspond
to a loss of a hydroxyl group and sugar moiety. This compound was
identified as hydroxyjasmonic acid O-hexoside. In the literature
there are data about the presence of 5'-hydroxyjasmonic acid 5'-O-
hexoside in Thymus species [9]. Compound 6, prolithospermic acid,
had a deprotonated molecular ion at m/z 357 and characteristic MS*
fragments at m/z 313 and 269. This compound was not previously
found in Thymus species, but lithospermic acid has been reported in
samples of wild thyme [10a].

Rosmarinic acid is common in Thymus species [10a], whereas
compounds such as salviaflaside, salvianolic acid A and B are more
characteristic for species of the genus Salvia [10b].

Flavones: To the best of our knowledge, flavones are the dominant
group of flavonoids present in Thymus species, followed by
flavanones and flavonols. From the MS data, eleven flavones were
detected. The [Y,] ions at m/z 269 and 285 indicated the presence
of apigenin (10 and 18) and luteolin (12, 14-17, 20, 21, 24 and 25)
derivatives. Apigenin 7-O-glucoside (18), luteolin 7-O-rutinoside
(20) were previously found in wild thyme species [10a], whereas
luteolin O-glucoside (15) is described as either 7-O-glucoside in
wild thyme species [10a] or 5-O-glucoside in Thymus x citriodiuc
[9]. Compound 10 had a deprotonated molecular ion at m/z 593, and
MS? fragments at 473 and 353. Both subsequent losses of 120 amu

indicate C-glucosylation [10c]. So, compound 10 was tentatively
identified as apigenin C-hexosid-C-hexoside, which was previously
reported in 7. vulgaris [11].

The most abundant peak for the luteolin derivatives (with [M—H] of
the aglycon m/z 285) was produced after consecutive loss/es of
acetyl (42 amu), hexose (162 amu), pentose (132 amu) and their
combinations. According to their characteristic fragmentation
patterns, these compounds were tentatively identified as luteolin
dihexoside (12) ([M—H-162-162]), luteolin pentosyl-hexoside (14)
([M-H-132-162]), luteolin acetyl pentosyl-hexoside (16) ((M—H-42-
132-162]), luteolin acetyl hexoside (17) ([M—H-42-162]), luteolin
dipentoside (21) ([M—-H-132-132]), luteolin pentoside (24) ((M—H-
132]), and luteolin acetyl dipentoside (25) ([M-H-42-132-132]).
These compounds have not previously been reported in Thymus
species.

Flavonols: Five flavonols were identified according to the UV-Vis
absorption maxima and MS data (Table 1). The [Y,] ions at m/z
301 and 285 indicated two aglycones with the corresponding
molecular ions: quercetin (aglycone of 11 and 23) and kaempferol
(19, 22 and 27). Compound 23 was determined to be quercetin 3-O-
rutinoside by comparison with a reference standard. Quercetin 3-O-
glucoside (11), quercetin 3-O-rutinoside (23) and kaempferol (27)
were previously identified in 7. vulgaris [11].

Compounds 19 and 22 had deprotonated molecular ions at m/z 579
and 621, respectively. In the MS? spectra of both compounds peaks
at m/z 417 and 285 were detected. The losses of 162 and 204 amu,
for compounds 19 and 22, respectively, correspond to hexose [M—
H-162] and acetyl hexose [M—H-162-42]", and the loss of 132 amu
indicates the presence of pentose. Then, from the fragmentation
pattern it can be concluded that compounds 19 and 22 can be
identified as kaempferol pentosyl-hexoside and kaempferol acetyl
pentosyl-hexoside, respectively. These two compounds have not
previously been identified in extracts of Thymus species.

Flavanones: From the literature it can be found that flavanones,
especially naringenin, eriodictiol and hesperetin, are present
in different forms (as aglycones, glucosides and ruthinosides) in
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Table 2: Total content of phenolic acid derivatives (PA) (mg/g), flavonoids (F) (mg/g), total phenolic compounds (mg/g), content of As (mg/kg) and Tl (mg/kg) in different organs

(flower, leaf, stem and root) determined in 14 samples of Thymus alsarensis,
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Flower Leaf Stem Root

Sample PA F  Total As Tl PA F  Total As Tl PA F  Total As Tl PA F  Total As Tl
1 - -- - 090 194 | 549 188 243 536 200 | 1.08 2.03 3.11 2.46 134 | 105 11.9 224 15.1 21.6

2 339 190 529 2.69 498 | 17.8 223 40.1 10.5 292 | 298 3.5 6.13 329 11.3 | 326 448 7.74 211 34.6
3 81.6 233 314 203 545 | 834  39.1 47.4 102 309 | 850  2.90 114 926 169 | 1.25  0.78 2.03 623 905
4 20.8 123 144 <05 024 | 13.1 211 224 050 <020 | 392 451 843 050 021 | 432 121 553 <05 1.28
5 13.1 859 21.7 <05 461 1.3 251 364 405 371 | 8.69 2.01 10.7 448 166 | 0.53  0.23 0.76  40.0 424
6 498  29.0 340 075 140 | 155 264 419 470 101 | 033  3.89 422 095 80.9 | 467 2.64 731 267 174
7 12.1 10.1 222 097 200 | 929 199 292 228 9.08 | 5.77 432 10.1 3.11 3.14 | 291 210 5.01 3.94 6.04
8 4.50 181 225  6.80 11.8 | 9.00 198 28.8 16.9 159 | 2.80 10.0 12.8 10.5 209 | 1.80 5 68 518 146
9 225 7.03 29.5  0.62 034 | 438 162 20,6 <05 <020 | 418 438 856 <05 <020 | 1.77 216 393 <05 0.44
10 16.6 7.3 239 268 426 | 198 319 51.7 440 523 | 644 476 112 295 352 | 329 181 5.1 86.1 273
11 344 832 11.8 124 <020 | 490 642 69.1 1.68 <020 | 123 177 3.00 059 <020 | 395 118 5.13 195 <0.20
12 10.6  9.79 204 <05 632 | 239 488 727 091 185 | 2.07 7.02 9.09 <05 10.8 - - - <05 445
13 266 219 48.5 <05 1.77 | 599 512 572 093 1.38 | 331 229 560 <05 <020 | 153 116 269 083 <020
14 345 470 8.15 <05 104 | 13.7 217 354 1.65 63.5 -- -- - <05 217 | 447 124 5.71 6.86 375
min 3.44 4.7 8.15  0.62 0.24 | 438 16.2 20.6 0.5 138 | 033 177 3.00 0.50 021 | 053 023 076  0.83 0.44
max 81.6 233 315 26.8 545 | 239 211 224 102 523 | 869 10.0 12.8  92.6 352 | 105 119 22.4 623 905

*min and max — minimum and maximum values

Thymus species [9, 10a]. In the extracts of 7. alsarensis only two
flavanones were detected: hesperetin O-glucoside ((M-H]™ at m/z
463) and naringenin ((M—H] at m/z 271).

Quantitative analysis: The quantification of all polyphenolic
compounds was achieved using standard solutions of caffeic acid,
quercetin 3-O-rutinoside (rutin), and apigenin as representative of
their own group of polyphenols (Table S1-S4, Supplementary data).
Total phenolic content was determined as a sum of phenolic acids
and flavonoids (flavones, flavanones and flavonols).

The total phenolic content was the highest in flower, followed by
leaf, root and steam extracts. It was in the range from 8.15 to 314
mg/g dry herb for flowers, 20.6 to 224 mg/g dry herb for leaves,
3.00-12.8 mg/g dry herb for stems and from 0.76 to 22.4 mg/g dry
herb for roots (Table 2). The total amount of phenolic acid
derivatives in 7. alsarensis extracts ranged from 3.44 to 81.6; from
4.38 to 23.9; from 0.33 to 8.69; from 0.53 to 10.5 mg/g dry herb for
flowers, leaves, stems and roots, respectively.

Salvianolic acid A (8) was found in all studied samples, and its
content was around 85% of total phenolic acid content (Table S1-
S4, Supplementary data). Compound 2 (caffeic acid glucoside) was
the next most abundant phenolic acid compound in leaves, stems
and root samples, whereas in the flowers the second dominant
phenolic acid was hydroxyjasmonic acid O-hexoside (5), followed
by monomethyl lithospermate (9).

Total content of flavonoids in the extracts of 7. alsarensis ranged
from 4.70 to 232; from 16.2 to 211; from 1.77 to 7.02; from 0.23 to
11.9 mg/g dry herb for flowers, leaves, stems and roots, respectively
(Table 2). Flavones were the dominant group and their content
counts for 80, 63, 41 and 77% of total flavonoid content for flower,
leaf, stem and root extracts, respectively. Luteolin 7-O-glucoside
(15) was present in all analyzed samples and its content contributes
around 36 and 62% to the total flavone content for flower and leaf
samples and 52% for stem and root samples. The contribution of
flavonols to total flavonoid content was 20% for flowers and leaves
and 57 and 3% for stem and root samples, respectively. Quercetin 3-
O-glucoside (11) was present in all analyzed samples and its content
to total flavonol content contributed to around 86% for flower, leaf
and root samples, and 64% for stems.

ICP-AES assays: Of the 14 sites where T. alsarensis samples were
collected (Table 3), 5 (No. 3, 5, 6, 10 and 14) around the Allchar
mine are in an area known to possess the highest content of Tl and
As in the soil [12a]. Comparison of samples collected near or around
the Allchar mine (n = 5) with samples from the rest of the area (n =
9) revealed significant differences in the content of As and Tl

It was evident that the samples of 7. alsarensis were able to
accumulate heavy metals, especially As and T1, and distribute them
in all parts of the plant. The content of As was significantly higher
in the roots than in the stems and leaves and not detected in most of
the flower samples (Table 2). The content of Tl was significantly
higher in all samples of 7. alsarensis collected from the Allchar
locality (3, 5, 6, 10 and 14). The highest As accumulation was found
in the roots, ranging from 0.83 to 623 mg/kg. For the above ground
parts of this species, the highest values of As were found in the
leaves, ranging from 0.5 to 102 mg/kg, followed by stems ranging
from 0.5 to 92.6 mg/kg. The lowest content of As was observed in
the flowers (ranged from 0.62 to 26.8 mg/kg). Comparison of the
content of Tl in different parts of the plant indicated that the higher
content of Tl was observed in the roots (147 mg/kg), flowers (131
mg/kg) and leaves (104 mg/kg), and slightly lower in stems (60.7
mg/kg).

Comparison of the results obtained for total polyphenols and for As
and Tl content does not suggest any correlation (positive or
negative) between the total phenolic content and the content of TI
and As. On the other hand, from the comparison on the identified
compounds with those found in literature [13], it is evident that the
soil rich with specific heavy metals (T1 and As) affects the type of
polyphenolic compounds produced in different organs, compared
with those growing on soil which is not contaminated. The
compounds reported here for the studied extracts of 7. alsarensis
such as: quinic acid (1), prolithospermic acid (6), salvianolic acid B
(7), salvianolic acid A (8), monomethyl lithospermate (9), luteolin
dihexoside (12), luteolin pentosyl-hexoside (14), luteolin acetyl
pentosyl-hexoside (16), luteolin acetyl hexoside (17), luteolin
dipentoside (21), luteolin pentoside (24), luteolin acetyl dipentoside
(25), kaempferol pentosyl-hexoside (19) and kaempferol acetyl
pentosyl-hexoside (22) have not been reported previously for any
Thymus species. This specific polyphenolic pattern could be
attributed to the specific environment in the Allchar region charac-
terized with soil rich in arsenic and thallium minerals that is also
reflected in the mineral composition of the plants growing there.

Experimental

Plant material: Plant samples were collected at 14 locations within
the abandoned mine described above (Table 3) during the summer
of 2011. Specimens of T. alsarensis (Figure S1) were sampled
according to their abundance and biomass (10-20 replicates from
each sampling site). Entire plant samples were washed carefully
with double distilled water to remove soil particles, left to dry and
then separated into roots, stems, leaves and flowers. Plant material
was dried and homogenized to a constant weight at room
temperature for 7-14 days.
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Table 3: Collection data for Thymus alsarensis.

Sample N E Altitude/m  Location
1 41.16459 21.94564 740  R*
2 41.15731 21.94211 772 R
3 41.15699 21.9448 753 A
4 41.13479 21.94189 1035 R
5 41.15734 21.94783 875 A
6 41.16172 21.94494 736 A
7 41.15731 21.94211 772 R
8 41.17578 21.94872 735 R
9 41.13708 21.94469 986 R
10 41.14761 21.94656 895 A
11 41.14612 21.94504 934 R
12 41.15044 21.95099 795 R
13 41.15356 21.9569 966 R
14 41.15959 21.94511 757 A

*A- place near to Allchar rich with As and TI; R- the other region

Sample preparation: For HPLC/MS analysis 0.1 g of powdered
material (n=3) was processed. The extraction procedure was
performed with 5 mL 70% methanol, using US bath for 30 min and
centrifuged for 15 min at 3000 rpm. For ICP/AES analysis 0.5 g
powdered material (n=3) was placed in a Teflon digestion vessel
with 5 mL HNOj; (69%, m/v) and 2 mL H,0, (30%, m/v). Vessels
were closed, caps tightened and placed in the rotor of a Mars
microwave digestion system. Plant samples were digested at 180°C.
After cooling, digested samples were quantitatively transferred into
25 mL calibrated flasks.

Instrumentation: Chromatographic separations were carried out on
a 150 mm x 4.6 mm, 5 um Zorbax (Eclipse) XDB C18 column
(Agilent, Germany). The mobile phase consisted of 1% formic acid
in water (v/v) (A) and 1% formic acid in methanol (v/v) (B). A
gradient program was used as follows: 0-5 min 20% B, 10-30 min
40% B; 45 min 50% B, and 55-60 min 100% B. The flow rate was
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0.25 mL min "' and the injection volume was 10 pL. Spectral data
from all peaks were accumulated in the range: A = 190-600 nm and
the chromatograms were recorded at A=280, 300, 320 and 350 nm.
The mass detector was an ion-trap mass spectrometer equipped with
an electrospray ionization (ESI) system. Nitrogen was used as a
nebulizing gas at a pressure of 65 psi and the flow was adjusted to
12 L/min. The heated capillary and the voltage were maintained at
325°C and 4 kV, respectively. MS data were acquired in the
negative ionization mode. The full scan covered the mass range of
m/z 100-1200. LC-DAD was wused for separation and
quantification. Peak assignment of the various classes of
polyphenols in the chromatograms was based on comparison of
their retention behavior and UV-Vis spectra with those of the
authentic compounds and literature data. The conjugated forms of
the polyphenolic compounds were further characterized by
electrospray ionization mass spectrometric detection. Quantification
was performed by HPLC/DAD using five-point regression curves
(R*> 0.999) of authentic standards. Flavonols were determined at
350 nm using quercetin 3-O-rutinoside (rutin), phenolic acid
derivatives at 320 nm using caffeic acid as external standard, and
flavones and flavanones at 300 nm using apigenin. The contents of
As and Tl were analyzed by atomic emission spectrometry with
inductively coupled plasma, ICP-AES (Varian, 715-ES, USA) using
ultrasonic nebulizer CETAC (ICP/U-5000AT") for better sensitivity
[19].

Supplementary data: Total content of phenolic acids and
flavonoids (in mg/g) for all compounds detected in the flower, leaf,
stem and root extracts of the 14 samples of 7. alsarensis are given
in Table S1-S4, and photographs of 7. alsarensis in Figure SI.
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The aim of the current research was to perform two “green chemistry” extractions (ultrasound and microwave irradiation) with methanol, 70% (v/v) ethanol
and water for extraction of biologically active substances from elecampane (Inula helenium L.) roots and to compare their contents in all extracts. The presence
of carbohydrates (sugars, fructooligosaccharides and inulin), total phenols and flavonoids were established. In vitro antioxidant potential was also evaluated
by four assays (DPPH, ABTS, FRAP and CUPRAC). Water extracts obtained by ultrasound-assisted extraction (UAE) showed the highest value of inulin
(38 g/100 g dry weight plant material). The highest antioxidant activity was possessed by the 70% (v/v) ethanol extracts obtained by UAE: DPPH — 107.2 mM
TE/g dw, ABTS — 86.0 mM TE/g dw, FRAP — 67.0 mM TE/g dw and CUPRAC -173.0 mM TE/g dw, respectively. The reason for this probably depended on
the highest content of total phenols in the 70% UAE ethanol extract {7.9 mg GAE/g dw, phenolic acids (chlorogenic, caffeic, p-coumaric, sinapic and ferulic
acids)}, especially chlorogenic acid (1.84 mg/g) and flavonoids (quercetin, kaempferol and catechin; 26.4 mg QE/g dw). UAE was evaluated as a promising
approach for the simultaneous extraction of bioactive compounds (dietary fibers and antioxidants) from elecampane roots in comparison with microwave

irradiation.

Keywords: Inula helenium L. roots, Elecampane, Inulin, Phenolic acids, Flavonoids, Antioxidant activity.

Elecampane (Inula helenium L.) is an important medicinal plant of
the Compositae family, widely distributed in Europe, Asia and
Africa [1-3]. Its roots are listed in several European pharmacopeias
(e.g, PF X, Ned 5, BHP) as a diuretic, diaphoretic, expectorant and
anthelminthic remedy [2,4-6]. Elecampane roots are applied in folk
medicine as infusions and tinctures for curing asthma, bronchitis,
lung disorders, tuberculosis, indigestion, chronic enterogastritis
[5,6], and for wound healing [4,7], treatment of emesis, diarrhea
and threatened abortion [2]. Its pharmacological properties include
also anti-inflammatory, antioxidant, anticoagulant, anti-tumor,
antimicrobial and insecticidal activities [5,8,9]. Previous research
explained most of these biological activities by the presence of
alantolactone, isoalantolactone, thymol derivatives, polysaccharides
and phenolic compounds, especially chlorogenic and caffeic acids
[3,6,7]. The extraction and identification of some phytochemical
compounds from elecampane still remain a challenge.

Nowadays, the “green” methods for extraction of phytochemicals
from medicinal plants gain more attention because of reducing time,
energy and expense [3,10,11]. The new approach for chemical
constituent isolation is the application of ultrasound and microwave
irradiation for acceleration of the extraction process of the
polysaccharides and other phytochemicals from elecampane
[10-14]. Previous studies demonstrated the efficiency of
alantolactone and isolanatolactone extraction from elecampane
roots by UAE [10-12] and microwave assisted extraction (MAE)
[13]. Compared with heat reflux extraction, UAE and MAE were
more efficient and timesaving for the isolation of alantolactone and
isoalantolactone from elecampane [11-13]. In addition, UAE was
applied for extraction of total phenols [2], phenolic acids, especially
chlorogenic and caffeic acid [3], flavonoids [11] and inulin from
Inula helenium roots [14-16].

Until now, no relevant studies of the phytochemical profile of Inula
helenium roots grown in Bulgaria were available. Earlier, Petkova
et al. [16] reported the isolation of high molecular weight inulin
(DP 30-33) from elecampane roots by UAE. However, the influence
of microwave irradiation on the extraction process of sugars and
inulin from elecampane roots was not studied. To the best of our
knowledge the influence of extraction solvents with different
polarity, together with the extraction techniques based on the
principles of ‘green’ chemistry for the isolation of phytochemicals
from elecampane roots was not investigated in detail.

Therefore, the aim of the current research was to perform two
“green chemistry” extraction approaches (UAE and MAE) with
methanol, 70% (v/v) ethanol and water for extraction of biologically
active substances from elecampane roots and to compare their
content in all extracts. The main interest was to evaluate
elecampane root as a natural source of pharmaceuticals (inulin and
polyphenols) with improved health benefits.

The screening of carbohydrates in the different extracts of
elecampane roots was qualitatively made by TLC analysis (Table
1). TLC chromatograms showed that large numbers of
carbohydrates were successively extracted by UAE and MAE with
short extraction times. The presence of fructose (R,= 0.50), sucrose
(Ry= 0.44), fructooligosaccharides (FOSs), including 1-kestose (R,
= 0.37), nystose R,= (0.32) and 7-8 FOSs oligomers, equivalent to
Frutafit® CLR DP=7-9 (3 mg/mL) were established in the
elecampane extracts (10 pL). High-molecular weight inulin that
coincided with the used standard chicory inulin (DP=22) (3 mg/mL)
was found only in water and 70% (v/v) ethanol extracts, because of
its solubility.

The data from spectrophotometric and HPLC-RID analyses are
summarized in Table 1.
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Table 1: Carbohydrate composition and extraction yields (%) in different extracts of
roots of Inula helenium, g/100 g dw (mean + SD, n=4).

Carbohydrate UAE UAE UAE MAE MAE MAE
MeOH  70%EtOH H,0 MeOH  70%EtOH H,0
Fructose 23402 2.5+0.2 2.5£0.2 2.240.1 2.4+0.2 2.5£0.3
Glucose 0.3£0.1  0.2+0.1 0.3£0.1 0.3£0.1 0.2£0.1 0.2£0.1
Sucrose 0.3£0.1  0.840.1 0.8+£0.2 0.3£0.1 0.8+0.1 0.8+0.1
1-Kestose 0.4+£0.1  0.5+0.1 0.5£0.1 0.4£0.1 0.5+0.1 0.5£0.1
Nystose 0.3£0.1  0.440.1 0.4£0.1 0.3£0.1 0.4+0.1 0.3£0.1
Inulin 2.5+£0.1 21.2+0.3 38.0+1.1 1.8+0.2 19304  29.4+0.4
Total fructans 5.840.3  25.5+0.6 42.0+1.3 5.0+£0.1  23.7+0.8  33.5+1.1
Yield of extract 30 41 58 28 35 48

dw — dry weight, SD — standard deviation, MeOH — methanol, EtOH — ethanol

For the first time the carbohydrate content of methanol and 70%
(v/v) ethanol extracts of elecampane roots were evaluated. The main
detected compounds were inulin, nystose, 1-kestose, sucrose,
fructose and glucose (Table 1). The low molecular weight
carbohydrates were easily extracted by methanol, 70% (v/v) ethanol
and distilled H,O. No significant differences in their content were
observed in the resulting extracts. However, the highest fructan
content was found in both UAE and MAE water extracts, probably
due to the better water solubility of inulin. In general UAE
accelerated the total fructans extraction — 42 g/100 g dw. The UAE
extract demonstrated the highest inulin quantity - 38 g/100 g dw.
The lowest levels of fructans after MAE could be explained by the
shorter extraction time — only 10 min. Moreover, UAE and MAE
demonstrated a reduced time for fructans extraction. Better results
were obtained by UAE. The sugar, inulin and total fructans content
in water extracts was comparable with or higher than previously
reported values for the same plants [17-19]. In the current study, the
total fructan and inulin content obtained by UAE (42 g/100 g dw)
was close to our earlier reported data by conventional extraction
[19], as the analyzed roots had the same batch number. Therefore,
UAE shortened the extraction time from six hours to 40 min and
improved the efficiency (yield - 58 % by water extraction).

In addition the obtained elecampane extracts contained phenolic
compounds. The amount of total phenolic and flavonoid contents
varied with the different solvents used for UAE and MAE (Table 2).
The highest values for total phenols were found in 70% ethanol
extracts of 1. helenium roots after UAE — 7.87 mg GAE/g dw. Our
results were significantly higher than the previously reported data
[2,20]. However, the polyphenol content in 70% (v/v) ethanol
extracts was higher than that in the UAE 30% ethanol extracts (6.13
mg/g dw) [2] and conventional extracts of elecampane roots [19]
— 3.5 mg/g dw. The values for the total phenolic content in UAE
methanol extracts (5.84 mg GAE/g dw) were higher than their
content in 100% [21] and 80% methanol - 3.65 mg/100 g dw [20].
The total flavonoids content was also the highest in the 70% (v/v)
ethanol elecampane extract using UAE- 23.9 mg/g dw (Table 2).

Table 2: Total phenolic and total flavonoid contents and in vitro antioxidant activity
(expressed as mM Trolox/g dw plant material) of elecampane root extracts.

UAE UAE UAE MAE MAE MAE

MeOH 70%EtOH H,0 MeOH 70%EtOH H,0
TPC 5.840.2 7.9+0.1 4.3+0.1 5.3+0.1 5.6+0.2 3.2+0.1
TF 9.4+0.2 23.9+0.1 18.5+0.2 8.2+0.1 6.2+0.2 6.3+0.1
DPPH 84.9+0.2 107.2+0.1 nf 90.3+0.1 27.5+0.1 nf
ABTS 56.1+0.2 86.0+0.2 nf 50.2+0.2  60.8+0.2 nf
FRAP 40.8+0.2 67.0+0.2 32.840.2 35.6+0.1 48.2+0.1  58.0+0.2
CUPRAC 117.1+£ 0.3 173.040.1  60.8+0.2  120.1+0.2  113.4+0.2  79.8+0.2

nf — not found; MeOH — methanol, EtOH — ethanol, TPC - Total phenolic content
expressed as mg GAE /g dw; TF - total flavonoids expressed as mg QE/g dw,

These data confirmed the efficiency of the extraction process of
flavonoids by UAE [11, 12]. However, our results from the current
research were higher than the previously reported values for the
total flavonoids from the elecampane root obtained by 60% ethanol
UAE in the same solid to solvent ratio (17.4+0.9) mg/g [I11].
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Moreover, our results for total flavonoids in the 70% ethanol
(MAE) extracts were consistent with those with 50% ethanol, with a
solid to liquid ratio of 1:15 and MAE - 18.3 mg/g [13].

Scanty data for the antioxidant activity of foreign elecampane have
been reported [20-22]. Our last study of the antioxidant capacity of
95% ethanol and subsequent water extracts of elecampane root
(with the same batch number as these in this study) was evaluated
by DPPH, ABTS, FRAP and CUPRAC [19]. To the best of our
knowledge the antioxidant potential of UAE and MAE from
elecampane roots still remained unevaluated. The current study
showed that the highest antioxidant activity was possessed by 70%
(v/v) ethanol extracts prepared by UAE (DPPH - 107.2 mM TE/g
dw, ABTS — 86.0 mM TE/g dw, FRAP — 67.0 mM TE/g dw and
CUPRAC -173.0 mM/g dw). Our results were significantly higher
than those of the 80% methanol UAE extracts [20] and 95% ethanol
and subsequent water extraction of elecampane roots after
conventional extraction [19]. In general, promising antioxidant
capacity was possessed by the methanol and 70% ethanol extracts
obtained by UAE and MAE. The antioxidant activity positively
correlated with the highest values of total phenolic content and total
flavonoids and was in accordance with Spiridon et al. [21].
Obviously, the total phenolic content measured by the Folin-
Ciocalteu method could not give detailed information about the
individual constituents of the studied extracts. Therefore, an HPLC
UV-VIS method was used for identification of phenolic acids and
flavonoids in elecampane roots (Table 3). The identified
compounds were flavonols, benzoic acid derivatives and cinnamic
acid derivatives. The differences in their phytochemical content
were probably due to the extraction methods used. The presence of
11 phenolic acids and 6 flavonoids was detected. Predominant
flavonoids in the elecampane root extracts were quercetin (12),
kaempferol (13) and myricetin (14) (Table 3). The highest content
of these compounds was found in the 70% (v/v) ethanol UAE
extract. Chlorogenic acid (3) was the dominant phenolic acid in 70
% ethanol and methanol UAE extracts — 1.84 mg/g and 1.34 mg/g
dw, respectively.

Table 3: Quantitative analysis of major phenolic compounds in extracts of lnula
helenium roots (mg/g dw plant material).

No Compound UAE UAE UAE MAE MAE MAE
MeOH _ 70%EtOH H,0 MeOH 70%EtOH H,0

Phenolic acid

1 Gallic nf nf 0.2% nf 0.1* 0.1*
2 2-Hydroxy benzoic nf nf 0.1* nf nf nf
3 Chlorogenic 1.3+0.1 1.8% 0.1% 0.2% 1.0* 0.4*
4 Neochlorogenic 0.2+0.1 0.6* 0.2* 0.1% 0.2% 0.2*
5 Caffeic nf 0.4* 0.1* 0.1* 0.2% 0.1*
6 p-Coumaric 0.17 0.6:0.1 nf nf 0.1* 0.1%
7  Sinapic 0.2+0.1 0.3£0.1 nf trace 0.1* nf
8 Ferulic 0.6+0.1 1.0+0.1 nf nf nf nf
9 34- nf nf nf nf trace 0.1%*
Dihydroxybenzoic
10 Vanillic nf nf nf trace 0.4+0.1 trace
11 Cinnamic nf nf nf trace nf nf
Flavonoids
12 Quercetin nf 0.6* 0.2* 0.2+0.1 0.3* 0.2*%
13 Kaempferol nf 0.3* 0.1* 0.1% 0.2+0.1 nf
14 Myricetin nf 0.7+0.1 0.2% trace 0.3+0.1 0.1*
15 Catechin nf 10.5+0.1 1.0+£0.1 2.240.1 6.5+0.1 0.6%
16 Epichatechin nf nf nf nf nf 0.1*
17 Quercetin-3-0-p- 0.1* nf nf nf nf nf

glucopyranoside

nf — not found, MeOH — methanol, EtOH — ethanol *SD < +0.1, trace <0.1 mg/g dw

Neochlorogenic (4), caffeic (5), p-coumaric (6), sinapic (7) and
ferulic (8) acids were also found in 70% (v/v) ethanol UAE extracts.
This is the first report of the detection of sinapic and vanillic acids,
as well as myricetin (14) and catechin (15) in elecampane root
extracts. Syringic, cinnamic and rosmarinic acids were not found.
Gallic acid (1) and 2-hydroxy benzoic acid (2) were mainly found
in water extracts. Two early reports evaluated UAE with 95%
ethanol and methanol for the extraction of chlorogenic and caffeic
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acids [2,3]. These two phenolic acids possess a wide range of
pharmacological activities [2,20,21]. Wojdylo ef al. [20] found only
caffeic, neochlorogenic, and ferulic acids in 80 % methanol UAE
extracts [20]. However, our study showed the presence of only 5
phenolic acids in the UAE methanol extract and the absence of
caffeic acid. This was detected only in water-containing solvents.
Our findings for the presence of hydroxybenzoic, chlorogenic,
neochlorogenic, p-coumaric, ferulic, and caffeic acids, and
quercetin, epicatechin and quercetin-3-O-B-glucopyranoside in
methanol elecampane extracts coincided with the previous TLC
report [9], HPLC [3,20] and GC-MS analysis [21]. Moreover, the
efficiency of UAE for extraction of phenolic acids was confirmed
[3]. However, our results for chlorogenic acid were higher than
other reports for UAE (40 kHz and 100 W; 30 min, solid-liquid
ratio 1:20) [2,11]. Surprisingly, we did not detect caffeic acid in the
methanol UAE.

The current research revealed the efficiency of UAE for extraction
of phytochemicals from 7. helenium roots, especially inulin and
polyphenolics. The resulting phytochemical profile of 70% (v/v)
ethanol extracts demonstrates high biological activity with
promising future application in food and cosmetics. Bulgarian
elecampane roots were evaluated as a source of phenolic acids
(mainly chlorogenic, neochlorogenic, caffeic, p-coumaric, sinapic
and ferulic), different flavonoids (quercetin, kaempherol, myricetin
and catechin) with high antioxidant activities, and also inulin with
potential immunostimulating and other health beneficial properties.

Experimental

Materials: All chemicals were of analytical grade (Sigma—Aldrich,
Germany). FOSs Frutafit®CLR (DP 7-9) and inulin Frutafit®TEX
(DP 22) were supplied by Sensus (Netherlands). Dried elecampane
roots were purchased from a local drugstore (voucher specimen
Alin L 52), finely ground and passed through a 0.5 mm sieve. The
moisture content, analyzed by AOAC 945.32 [23], was 8.7%.

Preparation of plant extracts: Methanol, 70% (v/v) ethanol and
distilled H,O in a solid to liquid ratio of 1:20 were used for the
extraction of phytochemicals from elecampane roots. UAE was
performed in an ultrasonic bath (VWR, Malaysia, 45 kHz and 30
W) for 15 min, at 45°C [24]. MAE was performed in a microwave
oven {CROWN (700 W, 2450 MHz)} for 5 min at an average
power of 541 W. The extraction process was repeated twice. The
extracts were filtered, combined and used for further analyses. The
results were calculated on the dry weight (dw) of plant material.

TLC analysis of sugars and fructans: Each extract (10 pL) was
applied to a 10x20 cm silica gel 60 F,s4 plate (Merck, Germany)
with a calibrated glass capillary (BLAUBRAND®, Germany). Thin-
layer chromatography (TLC) was performed using the double-
ascending method with a mobile phase of #»n-BuOH:i-
Pro:H,0:CH;COOH (7:5:4:2) (v/v/v/v) that was developed over 4
and 8 cm, respectively. The TLC plates were dipped in
diphenylamine-aniline-H;PO4—acetone (1:1:5:50) (w/v/v/v), heated
at 120°C for 5 min [25] and scanned by HP Scanjet G2710 Photo
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Scanner [19]. Glucose, fructose, sucrose, 1-kestose, nystose (3
mg/mL) were used as standards (10 pL).

Fructans assay: The total fructans content in elecampane root
extracts was defined spectrophotometrically at a wavelength of 480
nm; results are expressed as fructose equivalents [19].

HPLC-RID carbohydrate analysis: Extracts were evaporated to
dryness. Each extract (10 mg) was dissolved in 2 mL distilled H,O,
filtered through a 0.45 um PTFE filter (Isolab, Germany) and then
20 pL was injected. Separations were performed on an HPLC
(Shimadzu) with an analytical column {Shodex® Sugar SP0810
(300 mm x 8.0 mm i.d.)} at 85°C, with a mobile phase of distilled
H,O at a flow rate 1.0 mL/min. Peaks were identified by retention
times with standards of inulin, nystose, 1-kestose, sucrose, glucose
and fructose. The analyte concentrations were calculated as peak
areas with reference to the calibration curves, prepared at 5
concentration levels (0.5, 1, 2.5, 5 and 10 mg/mL). The calibration
plots showed excellent linearity (*= 0.997) [26].

Determination of total phenolic and flavonoids contents: Total
phenolic content was determined with Folin—Ciocalteu’s reagent
[27]. Gallic acid was used as a calibration standard and the results
were expressed as mg gallic acid equivalents (GAE) per g (dw)
plant material. Total flavonoids were determined with AI(NO;);
reagent at 415 nm [28]. The results are presented as mg equivalents
quercetin (QE) per g dw plant material.

In vitro antioxidant activity: The DPPH assay was performed as
described [28]. The ABTS method [29] was used with some
modifications [30]. FRAP assay was performed according to Benzie
and Strain [31]. CUPRAC assay was according to Apak et al. [32].
The results are expressed as mM Trolox® equivalents (TE) per g dry
weight (dw) plant material [30].

HPLC analysis of phenolic compounds: The qualitative analyses
of phenolic components were performed on an Agilent 1220 HPLC
system (Agilent Technology, USA), equipped with an Agilent TC-
C18 column (5 pm, 4.6 x 250 mm) at 25°C and UV-VIS detector at
280 nm. Separation of phenolic compounds was performed with
mobile phases 0.5% acetic acid (A) and 100% acetonitrile (B) at a
flow rate of 0.8 mL/min [33]. Phenolic acids (gallic, 2-hydroxy
benzoic, neochlorogenic, caffeic, p-coumaric, sinapic, ferulic, 3,4-
dihydroxybenzoic, vanillic, and cinnamic, and flavonoids
(quercetin, kaempferol, myricetin, catechin, epichatechin, quercetin-
3-0O-B-glucopyranoside) (Sigma) were used for calibration of
standard curves. The phenol concentrations were calculated as peak
area with reference to the calibration curves, prepared at 5
concentration levels (5 pg/mL, 20 pg/mL, 50 pg/mL, 75 pg/mL and
100 pg/mL).

Statistical analysis: The data, expressed as mean + SD, were
statistically analyzed using MS-Excel software.
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Silymarin, the active constituent of Silybum marianum (milk thistle), and its main component, silybin, are products with well-known hepatoprotective,
cytoprotective, antioxidant, and chemopreventative properties. Despite substantial in vitro and in vivo investigations of these flavonolignans, their mechanisms
of action and potential toxic effects are not fully defined. In this study we explored important ADME/Tox properties and biochemical interactions of selected
flavonolignans using in silico methods. A quantitative structure—activity relationship (QSAR) model based on data from a parallel artificial membrane
permeability assay (PAMPA) was used to estimate bioavailability after oral administration. Toxic effects and metabolic transformations were predicted using
the knowledge-based expert systems Derek Nexus and Meteor Nexus (Lhasa Ltd). Potential estrogenic activity of the studied silybin congeners was outlined.
To address further the stereospecificity of this effect the stereoisomeric forms of silybin were docked into the ligand-binding domain of the human estrogen
receptor alpha (ERa) (MOE software, CCG). According to our results both stereoisomers can be accommodated into the ERa active site, but different poses

and interactions were observed for silybin A and silybin B.

Keywords: Silymarin, Silybins, ADME/Tox properties, Estrogen receptor.

Silybum marianum (L.) Gaertn. (milk thistle) is an ancient
medicinal plant that has been used for almost 2000 years for
treatment of liver and gallbladder disorders of different etiologies
[1,2]. The active component of this herb, silymarin, is a mixture of
phenolic compounds, mainly silybin A, silybin B, but also other
flavonolignans such as isosilybin A, isosilybin B, silychristin and
silydianin, which are located predominantly in the fruit and seeds.
The main component of silymarin is silybin, which is a quasi
equimolar mixture of two diastereomers A and B (Figure 1) [3].

Today silymarin is best known for its antioxidant and
chemoprotective effects on the liver [4], and is often either
prescribed or self-prescribed as a complementary hepatoprotective
medicine [5]. It has also gained attention due to its
hypocholesterolemic, cardioprotective, neuroactive and
neuroprotective properties [4]. Although silymarin is reported as
nontoxic in human studies, little is known about its mechanism of
action and biochemical interactions [6]. Recent works have
explored inhibition and modulation of some drug transporters [7]
and nuclear receptors [8] by silybin congeners as well as their
biotransformation products [9]. For example, an in vitro study
focusing on interactions of flavonolignans with the aryl
hydrocarbon receptor (AhR) and estrogen receptor (ER)
demonstrated that silymarin has partial estrogenic activity, with
silybin B being probably responsible for it [8]. It was outlined that
stereochemistry plays an important role for the investigated
biological activities and there is a need for studies on the pure forms
of the compounds that are otherwise therapeutically used as
mixtures [10]. Another important prerequisite for broader and safer
therapeutic use of flavonolignans is the better understanding of their
metabolism, pharmacokinetics and potential toxic effects.

The pharmaceutical industry has used in silico methods for decades
to search, optimize and evaluate drugs [9]. In recent years the
in silico ADME/Tox (Absorption, Distribution, Metabolism,

Excretion, and Toxicity) prediction is receiving particular attention
due to the increased evidence that these pharmacokinetic properties
should be considered earlier in the drug discovery process [11].

In the present study we aimed at exploring important ADME/Tox
properties and biochemical interactions of selected flavonolignans
(Figures 1 and 2) using in silico methods. For estimation of
bioavailability after oral administration (gastrointestinal absorption)
an in house developed quantitative structure—activity relationship
(QSAR) model utilizing data from a parallel artificial membrane
permeability assay (PAMPA) was used. Predictions of toxicity and
metabolism were performed using knowledge-based expert systems,
and molecular modelling studies were applied for investigation of
the interactions of the stereoisomeric forms of silybin with the
ligand-binding domain (LBD) of the human estrogen receptor alpha
(ERa).

In silico estimation of gastrointestinal absorption was performed
using a QSAR model for prediction of PAMPA permeability.
PAMPA is a high throughput in vitro assay that evaluates
transcellular permeation of small drug-like molecules [12]. PAMPA
is used in pharmaceutical research to screen for human intestinal
absorption since PAMPA permeability has been shown to correlate
with both Caco-2 cell permeability and human intestinal
absorption [13].
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Figure 1: Silybin A (2R, 3R, 10R, 11R) and silybin B (2R, 3R, 10S, 115).
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Figure 2: Chemical structures of the silybin congeners investigated in the present study.

In our study we used a highly predictive QSAR model derived from
a data set of nearly 200 diverse drugs with PAMPA permeability
coefficients measured at pH 6.5 and 7.4 (Equation 1: n — number of
compounds used to derive the model; r* — adjusted multiple linear
regression correlation coefficient, SEE — standard error of estimate;
F — Fisher ratio, LOO q* — leave-one-out cross validation correlation
coefficient; external validation q* — predicted correlation coefficient
obtained on a test set of 50 compounds and a training set of 196
compounds [14]). The predicted values of PAMPA permeability
(logPm), as well as the calculated values of the descriptors (logD —
distribution coefficient at pH = 7.4; TPSA — topological polar
surface area; MW — molecular weight) are shown in Table 1.
According to the in silico prediction of PAMPA permeability the
studied silybin congeners may be considered as moderate to highly
permeable in the gastrointestinal tract.

Equation 1: QSAR model for prediction of PAMPA permeability.

logPm = —2.945(:0.228) + 0.600(£0.046) logD — 7.655(:0.811) TPSA/MW
n=196, > =0.734, SEE = 1.108, F = 338.9
LOO ¢*=0.729, external validation ¢>= 0.696 (196/50)

Table 1: Calculated values of the descriptors and predicted values of logPm of the
studied silybin congeners.

Permeability

[ _———r Viedium Wi >
Pm 10 10* 10 1o 10 10 100
Compounds logD TPSA / MW _>Predicted
at pH=7.4 logPm (cm/s)
1. _Silybin A 1.77 0.322 -4.345
2. Silybin B 1.77 0.322 -4.345
3. Dehydrosilybin A 1.03 0.331 -4.862
4. Dehydrosilybin B 1.03 0.331 -4.862
5. Isosilybin A 1.82 0.322 -4.315
6. Dehydroisosilybin A 1.08 0.331 -4.832
7.  Silychristin AB 1.7 0.345 -4.562
8. Dehydrosilychristin AB 1.4 0.354 -4.815
9. Anhydrosilychristin 2.77 0.323 -3.753
10. Dehydroanhydrosilychristin 2.07 0.333 -4.249

In silico toxicity and metabolism predictions were performed using
the knowledge-based expert systems Derek Nexus and Meteor
Nexus [15]. Derek Nexus generates a prediction by comparing the
structural features of the target compound with a toxicophore
encoded as structural pattern(s) in its knowledge base. The final
predictions are derived from a reasoning scheme which takes into
account the presence of a toxicophore (structural alert) in the query
structure [16]. Based on the alerts detected in the structures of
silybin congeners, three potential toxic effects in mammals
(chromosome damage in vitro, ERa modulation and skin
sensitization) are outlined as plausible (Table 2), but no
stereospecific effects are specified.

Meteor Nexus predicts the metabolic fate of a chemical from its
structure [17]. The likelihood of the predicted biotransformation is
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Table 2: Structural alerts and related toxicological effects of silybin congeners defined
as ‘plausible’.

Compounds
Structural alerts Toxicological effect containing
structural alert*
Flavonol Mutagenicity in vitro in bacterium 3,4,6,8
Flavonoid Chromosome damage in vitro in 3,4,6,8
mammal
2-(Para-hydroxyphenyl)- Estrogen receptor modulation in 8.9.10
benzoxazole or derivative mammal >
2-Phenyltetralin derivative Estrogen receptor modulation in 1,2,3,4,5,6
mammal
Hydroxy-napthalene or derivative Estrogen receptor modulation in 3,4,6,8,10
mammal
Resorcinol or precursor Skin sensitization in mammal 3,4,6,8, 10
1,2-Dihydroxybenzene derivative Skin sensitization in mammal ;’ g’ ?64’ 56,7,

* The numbers of the compounds are according to the numeration in Table 1.

assessed by a Site of Metabolism Scoring (SOM) method using
experimental data for compounds that match the same
biotransformation, have similar molecular weights and are
chemically similar around the site of metabolism to the query
compound. The two most probable metabolic transformations for
the studied compounds are presented: glucuronidation (Figure 3A)
and oxidative O-demethylation (Figure 3B).
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Figure 3: Metabolic transformations of silybin with highest scores predicted in Meteor Nexus.

In order to investigate the interactions of stereoisomeric forms of
silybin with the LBD of the ERa a docking study of each of the
isomers, silybin A and silybin B, was further performed. It is known
that agonists and antagonists stabilize differently the helix 12 (H12)
in the LBD C-terminus which plays a crucial role in determining
ERa interactions with coactivators and corepressors [18]. The
antagonist LBD conformation (with H12 position in green, Figure
4) was selected for docking of silybins as the agonist conformation
(H12 position in magenta, Figure 4) was not large enough to
accommodate the silybins (poses were generated with the
compounds in unrealistic folded conformations, data not shown).

This selection was additionally justified by the analysis of ERa
X-ray complexes of partial agonists in the Protein Data Bank
(PDB) [19] that showed some partial agonists bound in the
antagonist conformations of ERa. Our docking results demonstrate
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H12
antagonist

Figure 4: The ligand binding domain of ERa with the full agonist estradiol in the active site
shown in space-filled rendering and colored in magenta. Positions of the activation helix H12:
agonist conformation (magenta); antagonist conformation (green).

that both silybin A and silybin B can be accommodated into the
ERa active site, but the stereoisomers showed different poses and
interactions in the receptor active site. The results obtained from
docking with MOE software [20] reveal no specific interactions of
silybin A with amino acids in the active site of ERa (Figure 5). In
contrast, silybin B forms hydrogen bond (HB) interactions with
Leu525, located next to His524 (a residue that the agonist estradiol
interacts with, Figure 6) and Asp 351 (Figure 5).
‘u

Arg394

Figure 5: Poses of silybin A (purple) and silybin B (green) and HB interactions of silybin B in
the ERa active site. The R- and S-stereo C-atoms of the compounds are shown as balls; the O-
atom of the water molecule in the active site is shown as a red ball.
X
p |

rg3%4
- iw A
= A{73%)
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Figure 6: HB interactions of the full agonist estradiol into the LBD active site of ERa. The
possible HBs with residues Glu353 and Arg394 are shown in magenta dot lines. HBs
scores are expressed as percentages according to probability criteria derived from a
large training set (Glu353 more preferred compared with Arg394). The active water molecule
(red ball) and the helix H12 (magenta ribbon) are also shown.

Unlike the agonist estradiol and the antagonist 4-hydroxytamoxifen
(Figure 7), silybin B does not interact directly with Glu353
and Arg394, but remains close to them and the active water
molecule (distances not shown). Similarly to the antagonist 4-
hydroxytamoxifen, silybin B interacts with Asp351 (Figure 7), but
this interaction is through HB, and not through an ionic interaction.
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Figure 7: Poses of 4-hydroxytamoxifen (atom type colored) and silybin B (green) and their
HB interactions in the ERa active site.

Using GOLD software [21, 22], stereospecific poses of silybin A
and silybin B in the active site of ERa were also generated, but
inverted orientations were observed with the 10R/11R and 10S5/11S
atoms of the isomers oriented towards H12, and not towards the
inner side of the protein active site (Figure 8). In this region, the
difference in the orientations of the two ligands is the most
noticeable. Both silybins perform HB interactions with Glu353, but
only silybin B additionally interacts with Thr347.

Figure 8: Poses of silybin A (purple) and silybin B (green) and HB interactions of silybin B in
the ERa active site generated with GOLD software. The active water molecule (red ball) and
the helix H12 (green ribbon) are also shown.

Our docking results clearly show stereospecific interactions of
silybin A and silybin B in the ERa active site, independently of the
orientation of the stercoatoms 10R/11R and 10S/11S in the active
site (towards H12 or opposite to it). The recorded specific
interactions of silybin B in the best docking poses reproduce some
of the interactions observed for the agonists and some of the
interactions of the antagonists thus implying the behavior of silybin
B as a partial agonist. Our docking results are consistent with the in
vitro study according to which silybin B and not silybin A is
probably responsible for the partial ERa-mediated activity of
silymarin [8]. They reveal possible orientations and interactions of
these silybins in the receptor active site that, in combination with
permeability, toxicity and metabolism predictions, can be useful for
the rational modification and design of new natural product
derivatives with potential positive effects for the human health.

Experimental

In silico prediction of the gastrointestinal absorption: The
predictions were performed using a QSAR model implemented as a
workflow in the KNIME platform that is freely accessible to
execute in a web browser within the COSMOSTOX webportal
(https://knimewebportal.cosmostox.eu/). The descriptors were
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calculated with ACD/Percepta (logD) (http://www.acdlabs.com/)
and CDK KNIME nodes (TPSA/MW) (http://www.knime.org/).

In silico predictions of toxicity and metabolism: The predictions
were performed using Derek Nexus v.5.0.1 and Meteor Nexus
v.3.0.0 knowledge-based expert systems (Lhasa Ltd.). Derek Nexus
provides a level of likelihood for each prediction (certain, probable,
plausible, equivocal, doubted, improbable, impossible, open and
contradicted). In the present study the reasoning levels of the
reported prediction are estimated as “plausible” by the expert
system that means “the weight of evidence supports the
proposition” [23]. The prediction performed by Meteor Nexus are
assessed by SOM Scoring (with Molecular Mass Variance) and the
two best scored metabolic transformations of the studied
compounds are reported.

Molecular modelling studies: MOE 2015.10 software was used for
docking studies, analysis and comparison of protein-ligand
interactions and identification of important protein residues. The
ERa ligand binding domain (X-ray structure of the ERo with
4-hydroxytamoxifen, PDB ID 3ERT) was initially prepared using
the MOE tool “Protonate3D”. The physiologically relevant
parameters were set during the minimization: temperature = 310 K;
pH = 7.4; ion concentration = 0.152 mol/L. The ligands were
docked into the binding site of the prepared protein structure using
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the “Receptor + Solvent” protocol and the binding pocket of the
receptor was specified by using the atoms of the co-crystallized
ligand (4-hydroxytamoxifen). A rescoring with London dG scoring
function was applied to rank the poses of the docked ligands
without subsequent refinement and second rescoring. The best
scored poses of each ligand with a negative value of the scoring
function were kept. The ERa-ligand complexes were analysed using
the MOE tool “Ligand Interactions”.

GOLD v. 5.1 (Cambridge Crystallographic Data Centre Ltd.)
software was used for additional docking studies. The ligands were
docked into the LBD of the protein and the active site was specified
by using the atoms of the co-crystallized ligand (4-hydroxy-
tamoxifen). The docking was performed with an active water
molecule in the binding site whose hydrogen positions were allowed
to vary during the docking in order to maximise the hydrogen
bonding score both from interactions with the protein and the
ligand. The docking poses for each of the studied ligands were
ranked according to the GoldScore scoring function and the best
scored poses were selected. The visualization of the poses and the
protein-ligand interactions were performed in MOE software.
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The cyclohexane (Ch) extracts of the roots of five Greek endemic Boraginaceae plants, Onosma kaheirei Teppner, O. graeca Boiss., O. erecta Sibth. & Sm.,
Alkanna sfikasiana Kit Tan, Vold and Strid and Cynoglossum columnae Ten, were investigated for the presence of alkannin/shikonin-related compounds. All
species,s except C. columnae and O. erecta, were found to contain this type of compounds. Seven compounds were obtained after several chromatographic
separations from the Ch extracts of the investigated plants: deoxyalkannin (1), 2"'-(S)-a-methylbutyrylalkannin (2), isobutyrylalkannin (3), propionylalkannin
(4), acetylalkannin (5), B-hydroxyisovalerylalkannin (6), and B,B-dimethylacrylalkannin (7). All structures were identified by 1D 'H-/"*C- and 2D NMR
spectroscopy, assisted also by ESI-MS. The extracts and the isolated compounds exhibiting an interesting antimicrobial profile when evaluated for their

antimicrobial activity against six Gram-positive and -negative bacteria and three human pathogenic fungi.

Keywords: Boraginaceae, Onosma, Alkanna, Cynoglossum, Isohexenylnaphthazarins, Alkannins/Shikonins.

Boraginaceaec is a family of herbs, shrubs and trees with a
cosmopolitan distribution. The family comprises ca. 130 genera and
2300 species, occurring mainly in Europe (especially in the
Mediterranean region) and Asia [la, 1b]. Naphthoquinones are
lipophilic red pigments that occur typically in the external layer of
the roots of Boraginaceae as derivatives of the enantiomeric
compounds alkannin and shikonin (A/S). They are responsible for
the multiple pharmacological activities, which range from wound
healing to  anti-inflammatory, antimicrobial,  antitumor,
antithrombotic and antiviral properties [2a-2c].

In the framework of our research on the Boraginaceae family
[1b, 3a-3c] we report herein the comparative analysis of the
naphthoquinone contents of five Greek endemic plants, three of
which belong to the genus Onosma (O. kaheirei Teppner, O. graeca
Boiss. and O. erecta Sibth. & Sm.), while the two others are:
Alkanna sfikasiana Kit Tan, Vold and Strid and Cynoglossum
columnae Ten. To the best of our knowledge, there are no previous
phytochemical reports in the literature on their naphthoquinone
content, except for O. kaheirei that has been previously published
by our team [1b]. In a previous report on Greek Alkanna species [4]
only alkannin derivatives were found, while from international
bibliographic data Onosma species are characterized by shikonin
derivatives [5]. C. columnae, O. kaheirei and O. erecta are annual
Boraginaceae species of the Mediterranean region [6].

Qualitative phytochemical analysis of cyclohexane (Ch) extracts of
the above plants resulted to the isolation of seven naphthoquinones
(Table 1), while the same (Ch) extracts of O. erecta and C.
columnae were shown to be free of these compounds. Our results
concerning the existence of alkannins in the studied Greek plants
are in accordance with the bibliography, as it confirmed that all
Boraginaceous species that are growing in Europe contain mainly
alkannin derivatives, whereas those growing in Asia contain mainly
shikonin derivatives [4].

C. columnae seeds from Greece were cultivated in Poland and the
roots were treated as wild plants. Previous work on root samples
of Alkanna species cultivated from seeds collected from wild

populations in Greece showed no difference in A/S compounds
compared with those obtained from the wild ones [4]. So, it can be
safely claimed that wild C. columnae is free of A/S pigments.

Table 1: Isolated naphthoquinones

O. kaheirei
O. erecta

A. sfikasiana
C. columnae

Naphthoquinones

= o. graeca

Deoxyalkannin (1)

2"'~(S)-a-methylbutyrylalkannin (2)

< | <

Isobutyrylalkannin (3) N

Propionylalkannin (4)

Acetylalkannin (5)

B-Hydroxyisovalerylalkannin (6)

Mixture (2”'-(S)-a-methylbutyrylalkannin ,
Isobutyrylalkannin,
B,B-Dimethylacrylalkannin (7)

< < | < | <]

In addition, the plant extracts, as well as the isolated A/S pigments,
were evaluated for their in vitro antimicrobial activity against two
Gram-positive and four Gram-negative bacteria, as well as against a
panel of three human pathogenic fungi (Table 2).

According to our results the Ch extracts showed a very interesting
broad antimicrobial profile against all the assayed microorganisms
and it appeared that the extracts of O. graeca and A. sfikasiana
exhibited the strongest activities, probably due to their high content
of naphthoquinones. Among the tested naphthoquinones, f-
hydroxyisovalerylalkannin (6), appeared as the most active one with
MIC values of 2.0¢10°- 4.90410° mg/mL against all
microorganisms, while all the isolated compounds followed a
ranking for their antimicrobial activities of : 6 > 7+2+3 >3 >4 >2
>5>1, which is in accordance with previous reported studies [2c].

Experimental

General: Specific rotation [o]p values were measured using a
Perkin Elmer 341 polarimeter. 'H NMR, 2D NMR (400 MHz) and
13C NMR (50 MHz) were recorded on Bruker DRX 400, Bruker
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Advance III and Bruker AC200 spectrometers, respectively, using
CDCl; as solvent. High resolution mass spectra (HRESI+) were
recorded on a Thermo Scientific LTQ Orbitrap Discovery mass
spectrometer, using the infusion method. The stationary phases used
for column chromatography were silica gel 60H (< 45 um, Merck)
and flash silica gel (0.040-0.063 mm, Merck). TLC plates
(Kieselgel 60 F,s4) were purchased from Merck Chemical Co.
Zones on TLC plates were detected under UV light (254 and 366
nm) and after spraying with a solution of vanillin, followed by
heating at 105°C for 5 min. HPLC grade solvents were used.

Plant material: The roots of O. erecta (Crete, Chania), O. graeca
and A. sfikasiana (Parnon Mountain, Peloponnese) were collected
and identified by Dr E. Kalpoutzakis (Dept. of Pharmacy, NKUA)
and deposited at the Herbarium of the Dept. of Pharmacy. The
aerial parts of O. kaheirei were collected and identified by Dr I
Bazos (Dept. of Biology, NKUA), from Ymittos Mount, Attica. The
cultivation of C. columnae has been previously described [3b].

Extraction and isolation: Roots were ground to powder and
successively extracted with Ch. A portion of the Ch extract (0.66 g)

Tufa et al.

eluting with Ch/EtOAc mixtures of increasing polarity, to afford 3
(164.7 mg) and 2 (14.1 mg). The Ch extract (0.4 g) of O. graeca
was also fractionated by CC eluting with Ch/CH,Cl, mixtures of
increasing polarity, affording 1 (6.0 mg), 4 (2.5 mg), 5 (20.8 mg)
and an inseparable mixture of 2, 3 and 7 (29.3 mg). Extraction and
isolation of compound 3 from O. kaheirei is fully described by
Orfanou et al. [1b].

Finally, the Ch extracts of O. erecta and C. columnae did not appear
to contain alkannin/shikonin type secondary metabolites.
Compounds 1-7 were deep red semi-solids; their 'H- (400 MHz,
CDCl5) and *C-NMR (50 MHz, CDCl5) spectra were in accordance
with the literature [3a, 7].

Antimicrobial bioassay: Nine microorganisms, 2 Gram-positive
bacteria: Staphylococcus aureus (ATCC 25923) and S. epidermidis
(ATCC 12228), four Gram-negative: Escherichia coli (ATCC
25922), Enterobacter cloacae (ATCC 13047), Klebsiella
pneumoniae (ATCC 13883) and Pseudomonas aeruginosa (ATCC
227853) and three yeasts Candida albicans (ATCC 10231), C.

of A. sfikasiana was subjected to column chromatography (CC),

tropicalis (ATCC 13801) and C. glabrata (ATCC 28838) were
assayed, using standard antibiotics.

Table 2: Antimicrobial activity of the Ch extracts and isolated naphthoquinones (MIC values in mg/mL)

1) W
E 2 g . . & s
g g % g 3 § 3 g
5 B N 3 5 = 2 2 5
] R -3 ;= LS .9 R ) S
Samples u S SIS, SO Mo, S S (SIS O & U &
O. kaiheirei 3.00 2.76 3.00 3.78 3.13 3.87 - - -
A. sfikasiana 0.0029 0.0029 0.0050 0.0057 0.0047 0.0047 0.0060 0.0056 0.0057
O. graeca 0.0021 0.0020 0.0033 0.0037 0.0039 0.0040 0.0051 0.0048 0.0047
O. erecta 3.50 2.95 3.75 4.22 3.87 3.96 - - -
C. columnae 3.70 3.10 3.97 4.57 4.10 4.56 - - -
Deoxyalkannin (1) 0.0029 0.0027 0.0034 0.0035 0.0038 0.0040 0.0057 0.0055 0.0051
2”’-(S)-a-Methylbutyrylalkannin (2) 0.0024 0.0022 0.0032 0.0034 0.0037 0.0039 0.0053 0.0051 0.0048
Isobutyrylalkannin (3) 0.0022 0.0020 0.0029 0.0032 0.0034 0.0036 0.0055 0.0051 0.0043
Propionylalkannin (4) 0.0022 0.0022 0.0028 0.0032 0.0035 0.0038 0.0057 0.0052 0.0050
Acetylalkannin (5) 0.0026 0.0024 0.0034 0.0035 0.0038 0.0039 0.0056 0.0055 0.0050
B-Hydroxyisovalerylalkannin (6) 0.0020 0.0019 0.0027 0.0032 0.0033 0.0036 0.0049 0.0048 0.0043
Mix of B,B-dimethylacrylalkannin (7) + (2) + (3) 0.0020 0.0019 0.0024 0.0030 0.0033 0.0035 0.0048 0.0048 0.0043
5-Fluocytocine - - - - - - 0.0001 0.001 0.01
Amphotericin - - - - - - 0.001 0.0005 0.0004
Amoxicillin 0.002 0.002 0.0024 0.0028 0.0022 0.002 - - -
Netilmicin 0.004 0.004 0.0088 0.008 0.008 0.01 - -
Clavulanic acid 0.002 0.002 0.0024 0.0028 0.0022 0.002 - -
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Food irradiation technologies are used to reduce the risk of food borne diseases by eliminating pathogenic microorganisms, prolonging shelf life and reducing
storage losses by delaying ripening, germination or sprouting. However, application of irradiation in food technology can negatively influence the biologically
active compounds in foods. In this research, the effect of gamma-irradiation on the antioxidant activity of Bulgarian teas was investigated. The aim of the study
was to evaluate the total phenolic and tannin content and antioxidant activity of ethanolic extracts of Bulgarian herbal teas before and after gamma-irradiation.
Mursalski tea (Sideritis scardica), Mashterka tea (Thymus serpyllum), Good Night tea (tea mix), Staroplaninski tea (Balkan tea mix), Trakia tea (tea mix), and
Mountain tea (Planinski tea mix) were selected for this study. Gamma-irradiation was applied at the absorbed dose of 5 kGy. Antioxidant activity of non-
irradiated and irradiated teas was determined by measuring antiradical activity against DPPH" and ABTS™ and the ability to reduce ferrous ions. The highest
total phenolic content was found in Mursalski tea (268 mg/g), and the highest tannin content in Good Night tea (168 mg/g). FRAP, TEAC and DPPH assays
revealed that the most active samples were Staroplaninski (2.78 mmol Fe (II)/g), Planinski (0.87 mmol Trolox/g) and Planinski (0.032 mg/mL), respectively.
The radical scavenging activity of irradiated tea samples was maintained after gamma-irradiation. The most interesting extract from irradiated tea studied was

Staroplaninski, which demonstrated a higher antioxidant potential in the irradiated sample compared with the non-irradiated sample.

Keywords: Gamma-irradiation, Teas, Ethanolic extracts, Antioxidant activity, Reduction power, Scavenging activity.

Herbal teas are traditional beverages consumed worldwide. They
are a rich source of phenolic compounds associated with positive
effects on human health, and exhibit antioxidant, anti-mutagenic,
and immune response activities, as well as anti-allergic and
anti-diabetic properties [1]. The antioxidant potential of herbals teas
has been confirmed by several authors [2-5] using several chemical
methods (ABTS, FRAP, DPPH assays).

Herbal teas can often be contaminated by pathogens such as aerobic
spore-forming bacteria, non-fermenting bacteria (non-pathogenic)
and Aspergillus species [1, 6]. One of the methods that can be
utilized to protect herbal teas against pathogens is gamma-radiation.
During this process, OH® free radicals are created. These radicals
interact with the DNA of microorganisms, leading to their death [7].
It is worth emphasizing that gamma-radiation can also inhibit
mycotoxinogenic fungi and kill insects [8].

It is important to know what is the impact of gamma-irradiation on
the antioxidant activity and total phenolic content of herbal teas,
and this is the aim of the present study. Information about this
influence is scarce in the literature.

Total phenolic content in the extracts and teas are presented in
Table 1. Before irradiation, the extract of Mursalski tea had the
highest total phenolic content (268 mg/g), and the extract of
Mashterka tea the lowest (104 mg/g). Total phenolic content of
traditional Bulgarian teas was several times lower than that reported
for herbal teas in China [2]. Furthermore, similar values for total

phenolic content were determined in plants used for herbal teas in
Spain [3].

Irradiation had the most significant effect on the total phenolic
content of Mashterka and Staroplaninski tea extracts, as well as of
Mursalski, Staroplaninski and Trakia dry teas. These results agree
with the findings of the majority of the literature. Gamma-radiation
increased the total phenolic content in peanut skins [9], almond
skins [10], rosemary [11], and seed coat colored soybean [12].
However, no significant effect has been observed so far on the total
phenolic content of radiation-processed tea [13].

A high value for high-molecular tannin content was noted for Good
Night tea (Table 1). Much lower values were determined for
Planinski and Trakia teas. In other teas, tannins were not detected.
The effect of gamma-radiation was not clear. Irradiation increased
the tannin content in Planinski tea and decreased it in Good Night
tea. De Camargo et al. [9] found that the tannin content in peanut
skins after irradiation was higher than in the control samples. Also,
in the study of Stajner et al. [14], gamma-irradiated soybeans
exhibited a higher tannin content. The change in tannin content in
irradiated plant material could be due to depolymerization [9].
According to some studies [9, 15], radiation can convert the B-type
procyanidin dimer into the A-type.

The antioxidant activity of phenolic compounds present in the
extracts was investigated using ABTS, FRAP, and DPPH assays.
The results are depicted in Figures 1-3. The strongest antiradical
activity against the ABTS radical cation and DPPH radical was
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Table 1: Total phenolic and tannin content of extracts and teas.

Janiak et al.

Herbal Total phenolic contents Total phenolic contents Tannin contents Tannin contents
tea (mg/g extract) (mg/g tea) (mg/g extract) (mg/g tea)

Control Irradiated Control Irradiated Control Irradiated Control Irradiated
Mursalski 268+5 272+10 15.1£0.3 16.8+0.6* nd nd nd nd
Mashterka 104+7 121+5* 35.543 36.4+1.6 nd nd nd nd
Good night 215+6 226+4 14.9+0.6 15.840.3 168+5 155+5* 11.6+0.4 10.8+0.2
Staroplaninski 209+6 241£5%* 12.4+0.4 14.8+0.3%** nd nd nd Nd
Trakia 1763 174+4 15.3+£0.2 17.0£0.4** 33.9+3.5 37.5+2.1 2.95+0.30 3.67+0.36*
Planinski 257+5 273+10 27.7+0.6 28.5+1.01 16.2+0.8 343+, %%* 1.75+0.08 3.59+0,12%**

nd — non detected; values for control and irradiated samples differ significantly with p<0.05 (*), p <0.01(**) or p<0.001 (***).irradiated samples differ significantly

with p<0.05 (¥), p <0.01(**) or p<0.001 (¥**).
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Figure 1: Antiradical activity against ABTS™ in non-irradiated (control) and
irradiated ethanolic extracts of tea extracts (A) and teas (B). Values for control
and and irradiated sample differ significantly with p<0.05 (*), p <0.01(**) or
p<0.001 (**%).

observed in the extracts of Planinski tea. However, the highest
values of TEAC were noted for Mashterka. The extract obtained
from the Staroplaninski tea had the strongest reducing properties.
The Mashterka tea had the highest FRAP value. Gamma-irradiation
increased TEAC values of the extracts from Staroplaninski and
Mursalski tea, and TEAC values increased in Mursalski,
Staroplaninski, Trakia, and Planinski tea when compared with the
other teas (Figure 1). Gamma-irradiation lead to increased FRAP
values in extracts obtained from Mursalski, Staroplaninski and
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Figure 2: Ferric reducing antioxidant power (FRAP) non-irradiated (control) and
irradiated ethanolic extracts of tea extracts (A) and teas (B). Values for control
and irradiated sample differ significantly with p<0.05 (*), p <0.01(**) or p<0.001
(***)_

Planinski tea. The increase was observed for the above-mentioned
teas and additionally for Trakia tea when the FRAP values were
expressed in relation to the other teas (Figure 2). Gamma-irradiation
increased antiradical activity against the DPPH radical in the case of
the Mashterka and Staroplaninski teas (Figure 3). This positive
effect of gamma-radiation on the antioxidant activity was
previously reported in peanut skins [9], almond skins [10],
rosemary [11], seed coat colored soybean [12], and peach [16].
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Figure 3: Antiradical activity against DPPH’ in non-irradiated (control) and
irradiated ethanolic extracts of teas. Values for control and irradiated samples
differ significantly with p<0.05 (*), p <0.01(**).

Experiment

Reagents: Ethanol, methanol, disodium carbonate, potassium
persulfate, hydrochloric acid, sodium acetate, 2,4,6-Tris(2-pyridyl)-
S-triazine (TPTZ), and ferric (III) chloride hexahydrate were bought
from POCH S.A., Poland, and [2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)] diammonium salt (ABTS),
2,2-diphenyl-1-picrylhydrazyl =~ (DPPH), (+)-catechin, Folin-
Ciocalteu  reagent,  6-hydroxy-2,5,7,8-tetramethyl-chroman-2-
carboxylic acid (Trolox), and vanillin from Sigma-Aldrich, USA.

Samples: Herbal teas were purchased at local stores in Sofia,
Bulgaria. Mursalski (Sideritis scardica; Mashterka (Thymus
serpyllum); Good Night (mix: peppermint leaves, lemon balm
leaves, hawthorn flowers and leaves, linden flowers and cone hops);
Staroplaninski tea (Balkan mix: wild thyme, peppermint, marjoram,
blackberry leaves and elderflowers); Trakia tea (mix: basil,
blueberry, marjoram rosehips and coriander); and Planinski
(Mountain mix: Hypericum perforatum, wild thyme, strawberry and
blackberry leaves) teas were selected for the study.

Gamma-irradiation of the teas: Teas were irradiated with a 60-Co
source with 8200 Ci activity. The gamma-ray facility has a mobile
irradiation chamber with a 4.0 L volume and dimensions: 13.5 cm

diameter and 22 cm height. The chamber rotates on its vertical axis
during irradiation. For the study of absorbed dose distribution,
Alanine dosimeters (Kodak BioMax) were used, measured by an
ESR spectrometer E-scan Bruker and calibrated in units of absorbed
dose in water. At each point, 3 dosimeters were placed. The
maximum absorbed dose rate was 3.5 + 0.02 kGy/h, the minimum
average dose rate was 2.49 + 0.02 kGy/h and the average dose rate
was 2.98 kGy/h. All samples were irradiated in their commercial
packaging with the minimum absorbed dose 5 + 0.02 kGy and dose
uniformity ratio r = Dy / Diin = 1.25. The absorbed dose of 5 kGy
was chosen on the basis of preliminary microbiological tests made
under the mentioned CRP, as it was found to be sufficient to reach
the required level of “cleanness” in the teas.

Extraction: Non-irradiated and radiated teas were mixed with 95%
ethanol in 1:20 solid: solvent ratio and left at room temperature for
24 h. The mixture was filtered, and the entire procedure was
repeated for each sample. Extracts were combined, organic solvent
was evaporated and the water residue was lyophilized.

Total phenolics content: The content of total phenolics in the
examined teas was investigated using Folin and Ciocalteu’s reagent
[17] with (+)-catechin as a standard.

Tannin content: Tannin content was estimated using the modified
vanillin assay [18]. The results were expressed as mg of (+)-
catechin equivalents per 1 g of extract/tea.

TEAC: Antiradical activity against ABTS™® was determined as
Trolox equivalent antioxidant capacity and investigated according
to Re et al. [19]. The results were expressed as mmol of Trolox
equivalents per 1 g of extract/tea.

DPPH radical scavenging: Antioxidant capacity against DPPH
radical was tested using the method described by Yen and Chen
[20]. The results are expressed as ECsp, which was defined as the
amount of antioxidant required to scavenge 50% of the radicals
present in the reaction mixture.

FRAP: Ferric reducing antioxidant power for tea samples was
conducted according to the method described by Benzie et al. [21].
The results were expressed as mmol of Fe (II) per g of extract/tea.

Statistical analysis: All analyses were triplicated. Mean values in
the control and experimental groups were compared by Student’s
t-test using GraphPad Pris - Sowftware.

References

[1] Sarwar S, Lockwood B. (2010) Herbal teas. The benefit risk ratio. Nutrafoods, 9, 7-17.

[2] Jin L, Li X-B, Tian D-Q, Fand X-P, Yu Y-M, Zhu H-Q, Ge Y-Y, Ma G-Y, Wang W-Y, Xiao W-F, Lie M. (2016) Antioxidant properties and color
parameters of herbal teas in China. Industrial Crops and Products, 87, 198-209.

[3] Jiménez-Zamora A, Delgado-Andrade C, Rufian-Henares JA. (2016) Antioxidant capacity, total phenols and color profile during the storage of
selected plants used for infusion. Food Chemistry, 199, 339-346.

[4] Arsenijevi¢ T, Drobac M, Sostarié¢ I, Razié¢ S, Milenkovié M, Couladis M, Maksimovi¢ Z. (2016) Bioactivity of herbal tea of Hungarian thyme
based on the composition of volatiles and polyphenolics. Industrial Crops and Products, 89, 14-20.

[5] Toydemir G, Capanoglu E, Kamiloglu S, Firatligil-Durmus E, Sunay A.E, Samanci T, Boyacioglu D. (2015) Effects of honey addition on
antioxidative properties of different herbal teas. Polish Journal of Food and Nutrition Sciences, 65, 127-135.

[6] Wilson C, Dettenkofer M, Jonas D, Daschner FD. (2004) Pathogen growth in herbal teas used in clinical settings: a possible source of nosocomial
infection? American Journal of Infection Control, 32, 117-119.

[7] Kilcast D. (1995) Food irradiation: Current problems and future potential. /nternational Biodeterioration & Biodegradation, 36, 279-296.

[8] de Camargo AC, Vieira TMFS, Regitano-d'Arce MAB, de Alencar SM, Calori-Domingues MA, Spoto MHF, Canniatti-Brazaca SG. (2012) Gamma

irradiation of in-shell and blanched peanuts protects against mycotoxic fungi and retains their nutraceutical components during long-term storage.

International Journal of Molecular Sciences, 13, 10935-10958.



184 Natural Product Communications Vol. 12 (2) 2017 Janiak et al.

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

(21]

de Camargo AC, Regitano-d’Arce MAB, Gallo CR, Shahidi F. (2015) Gamma-irradiation induced changes in microbiological status, phenolic
profile and antioxidant activity of peanut skin. Journal of Functional Foods, 12, 129-143.

Harrison K, Were LM. (2007) Effect of gamma irradiation on total phenolic content yield and antioxidant capacity of almond skin extracts. Food
Chemistry, 102, 932-937.

Perez M, Calderon N, Croci CA. (2007) Radiation-induced enhancement of antioxidant activity in extracts of rosemary (Rosmarinus officinalis L.)
Food Chemistry, 104, 585-592.

Dixit AK, Bhatnagar D, Kumar V, Rani A, Munjaya JG, Bhatnagar D. (2010) Gamma irradiation induced enhancement in isoflavones, total phenol,
anthocyanin and antioxidant properties of varying seed coat colored soybean. Journal of Agricultural and Food Chemistry, 58, 4298-4302.

Mishra BB, Gautam S, Sharma A. (2006) Microbial decontamination of tea (Camellia sinensis) by gamma radiation. Journal of Food Science, 71,
M151-M156.

Stajner D, Milosevic M, Popovic BM. (2007) Irradiation effects on phenolic content, lipid and protein oxidation and scavenger ability of soybean
seeds. International Journal of Molecular Sciences, 8, 618-627.

Kondo K, Kurihara M, Fukuhara K, Tanaka T, Suzuki T, Miyata N, Toyoda M. (2000) Conversion of procyanidin B-type (catechin dimer) to A-
type: Evidence for abstraction of C-2 hydrogen in catechin during radical oxidation. Tetrahedron Letters, 41, 485-488.

Hussain PR, Wani AM, Meena RS, Dar MA. (2010) Gamma irradiation induced enhancement of phenylalanine ammonia-lyase (PAL) and
antioxidant activity in peach (Prunus persica, Cv. Elberta), Radiation Physics and Chemistry, 79, 982-989.

Amarowicz R, Karama¢ M, Chavan U. (2001) Influence of the extraction procedure on the antioxidative activity of lentil seed extracts in -
carotene-linoleate model system. Grasas y Aceites, 52, 89-93.

Price ML, Van Scoyoc S, Butler LG. (1978) A critical evaluation of the vanillic reaction as an assay for tannin in sorghum grain. Journal of
Agricultural and Food Chemistry, 26, 1214-1218.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C. (1999) Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radical Biology and Medicine, 26, 1231-1237.

Yen GC, Chen HY. (1995) Antioxidant of various tea extracts in relation to their antimutagenicity. Journal of Agricultural and Food Chemistry, 43,
27-32.

Benzie IFF, Strain JJ. (1996) The ferric reducing ability of plasma (FRAP) as a measure of "antioxidant power": The FRAP assay. Analytical
Biochemistry, 239, 70-76.



2017

NPC H Natural Product Communications Vol 12

No. 2
185-188

Microelements and Heavy Metals Content in Frequently Utilized
Medicinal Plants Collected from the Power Plant Area

Aleksandra Stanojkovié-Sebi¢™, Jelena Maksimovi¢®, Zoran Dini¢®, Dobrivoj Posti¢”, Renata Ilici¢¢,
Aleksandar Stanojkovi¢® and Radmila Pivi¢®

*Department for Soil Reclamation, Institute of Soil Science, 11000 Belgrade, Serbia
®Institute for Plant Protection and Environment, 11000 Belgrade, Serbia

‘Faculty of Agriculture, University of Novi Sad, 21000 Novi Sad, Serbia

Unstitute for Animal Husbandry, 11080 Belgrade-Zemun, Serbia

astanojkovic@yahoo.com

Received: May 30", 2016; Accepted: November 24™, 2016

The effectiveness of medicinal plants is mainly associated with their active constituents, but one of the major quality problems frequently encountered is their
high trace metals content that can be associated to extensive pollution of the environment where medicinal plants grow. Therefore the aim of this research was
to evaluate the content of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn and As in selected and frequently used medicinal plants, including chicory, broadleaf, common
comfrey and dandelion. The plant material was collected from their wild habitats in the area of highly developed power plant activity during the summer of
2015. Plant analyses were done according to ICP methodology, using ICAP 6300 ICP optical emission spectrometer. The obtained results showed that the
content of As, Cd, Co, Mn, Ni and Zn in the investigated medicinal plant species was below the maximum permissible concentration, while in all parts of all
studied plants the concentration of Cr was toxic. The toxic concentrations of Cu were determined in root and aerial parts of chicory and common comftrey, and
the toxic concentrations of Fe in root and aerial parts of dandelion and broadleaf plantain, and in aerial parts of common comfrey. However, high but not toxic
content of Pb was found in aerial parts of chicory. It can be concluded that medicinal plants from the studied growing site are not appropriate for use in

alternative medicine and that a determination of trace metals content in these plants must become a standard criterion for evaluation of their quality.

Keywords: Heavy metals, Chicory, Broadleaf, Common comfrey, Dandelion, Power plant.

For the majority of the world population medicinal plants represent
the primary source of the health care. An effectiveness of medicinal
plants is mainly associated with their constituents such as essential
oils and secondary metabolites. As it was reported by the World
Health Organization (WHO), about 80% of people in peripheral
communities use only medicinal herbs for the treatment of many
diseases [1]. When the herbs are used in the treatment of certain
illnesses, it should be known that, besides the pharmacological
effect they have, the medicinal plants could be toxic if the content
of heavy metals in them is elevated. This can be associated to
extensive pollution of the environment where medicinal plants grow
since the plants can be easily contaminated by heavy metals in the
course of cultivation or later during the processing stage [2]. Along
with other pollutants, heavy metals can be added into the
environment through industrial activities, municipal wastes,
automobile exhaust, pesticides and fertilizers used in agriculture [3].
Several heavy metals such as Fe, Mn, Zn, Cu, Ni and Mo, in low
concentrations, are considered to be essential micronutrients for
plants. However, a high concentration of heavy metals causes
several problems, including toxicity of plants, animals and humans
[4]. As heavy metals pose a hazard to human and animal health,
their content in plants used for consumption or medicinal purposes
must be limited [5]. Therefore, controlling the heavy metal
concentrations in both medicinal plants and their products should be
made to ensure safety and effectiveness of herbal products.

Regarding the preceding comments, the main purpose of this
research was to evaluate the content of cadmium (Cd), cobalt (Co),
chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel
(Ni), lead (Pb), zinc (Zn) and arsenic (As) in selected and frequently
used medicinal plants, including chicory (Cichorium intybus L.),
broadleaf (Plantago major L.), common comfrey (Symphytum
officinale L.) and dandelion (Taraxacum officinale F. H. Wigg.).

The behavior of heavy metals and microelements in the soil is
conditioned by many factors that may affect their mobility and
accumulation by plants, and the most important are soil reaction,
organic matter content and the percentage of colloidal clay [6].

Table 1 displays the data on total concentrations of the
microelements and heavy metals in the study soil. The overall
concentrations of Cd, Co, Cr, Cu, Fe, Mn, Pb, Zn and As in the soil
samples correspond to the usual levels in agricultural soils and were
within the permissible limits, except for the content of Ni which
exceeds the maximum permissible concentrations (MPC) [7-10].
This may be the result of anthropogenic activity, where Ni enters
the soil mostly due to atmospheric deposition by the coal, oil and
diesel burning. In addition, the concentrations of Cr and Cu are
high but do not exceed the MPC. Cr is mainly found in the soil in
basic and ultrabasic rocks, which is the main source of geochemical
origin of this metal in the soil. As for Ni, in industrial regions Cu
mainly enters the soil by deposition from the atmosphere, so its high
concentration in the soil is usually of anthropogenic origin [9].
Nevertheless, the impact of flood waters containing heavy metals
may also be the reason for increased content of some trace metals in
the soil from the study area which is characterized by highly
developed power plant activities and affected by the great floods in
May, 2014.

An analytical determination of heavy metals in medicinal plants is a
significant part of quality control in order to establish the plants
purity, safety and efficacy since human activities, such as industry
and agriculture, promote trace metals release into the environment
[11]. Figures 1-4 show the concentrations of microelements and
heavy metals in the root and aerial parts of the studied medicinal
plants compared to the the reference values for plants normal and
toxic concentrations (Table 2).
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Table 1: Total content of trace elements (mg kg™ in soil under studied plants.

Trace Plant species MPC
clements C. intybus P. major S. officinale T. officinale (mgkg")
cd 0.56+0.02 0.57+0.03 0.55+0.02 0.48+0.02 3
0.54-0.58" 0.55-0.60 0.53-0.57 0.46-0.50
Co 19.11+0.34 15.75+0.22 16.96+0.17 19.37+0.24 30°
18.78-19.45 15.54-15.98 16.78-17.12 19.21-19.65
c 78.71+0.23 82.11+0.34 84.61+0.42 81.21+0.66 100°
T 78.56-78.97 81.78-82.45 84.15-84.98 80.56-81.87
c 92.05+0.56 91.35+0.20 89.98+0.45 93.81+0.34 100°
v 91.45-92.15 91.12-91.49 89.56-90.45 93.45-94.12
F 29920+684 313454579 30160+711 344914612 50000¢
¢ 29150-30457 30978-32012 29457-30879 33897-35120
Mn 724.67+5.03 428.67+9.29 481.00+7.55 749.33+£16.92 1500-
720-730 421-439 474-489 735-768 3000°
Ni 76.37+0.55 69.25+0.47 71.86+0.22 81.86+0.40 500
75.78-76.87 68.87-69.78 71.69-72.11 81.45-82.24
Pb 21.81+0.42 20.68+0.32 19.93+0.29 14.16+0.35 100°
21.41-22.24 20.34-20.98 19.65-20.23 13.78-14.48
Zn 94.38+0.38 111.55+0.38 111.75+0.45 91.37+0.41 300°
94.02-94.78 111.23-111.97 111.23-112.05 90.97-91.78
As 8.60+0.37 3.46+0.37 3.80+0.21 9.86+0.38 250
8.23-8.97 3.04-3.94 3.59-4.01 9.48-10.24

“means =+ standard deviation; " intervals; MPC - maximum permissible concentrations:
*[71, °[81, (9], “[10].

Table 2: Reference values for trace elements normal and toxic concentrations in plants.

Normal concentrations Toxic concentrations

Element

(mg kg'!)

Cu 3-15° 20°
Ni 0.1-5 30°
Pb 1-5° 20°
Cr <0.1-1* 20
cd <0.1-1° 10°
Mn 15-100° 400°
Zn 15-150° 200°
Co 0.05-0.5¢ 30-40°
Fe 50-250" (>500)"
As 10-60°" <2°

“ng kg'; reference values: *[12], °[13], °[14], [9], °[15], '[16].

One of the most important role of Mn in plants is its involvement in
the breakdown of water molecules with the releasing of oxygen,
although, for its full metabolic activity, Mn is only required at low
concentration [17].

Zn and Cu are considered to be an essential elements for
humans, animals and plants growth and play a significant role in
various metabolic processes [18]. The normal Zn concentration
in plants ranges from 15 to 150 mg kg™ [12], while the plant
toxic concentrations of this element is 200 mg kg' [13]. The
concentrations of Cu in many plant species varies between 20
and 30 mg kg on dry weight basis. If its concentration in dry
plant material is higher than 20-100 mg kg', it becomes
phytotoxic [19].

The appropriate concentration of Fe in all plant species is
essential both for the health of plants and for the nutrient supply
to humans and animals. The normal Fe concentration in plants
used for animal nutrition ranges from 50 to about 250 mg kg™',
while the nutritional requirements of grazing animals for this
element are generally present at concentrations within the range
of 50-100 mg kg™ [9, 16]. Pb and Cd are trace metals which are
not essential for either humans, animals or plants, and in humans
could easily induce toxic effects at low concentrations. Pb as a
pollutant can be detected in all environmental and biological
systems. Sources of Pb contamination are the products of
combustion in the metallurgical and chemical industry,
transportation, industrial waste waters and landfills [20]. Similarly
to Pb, Cd is a widespread metal in nature characterized as toxic
industrial pollutant with expressed mobility [21]. The maximum
permissible concentration of Cd in edible plants is as low as 1 ug
kg [22]. Hence, low levels of Cd in the studied plants is a highly
desirable outcome.
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Figure 1: Concentrations of zinc (Zn), manganese (Mn), iron (Fe) and copper (Cu) in
the plants root (mg kg™).
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Figure 2: Concentrations of zinc (Zn), manganese (Mn), iron (Fe) and copper (Cu) in
the plants aerial parts (mg kg™).
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Figure 3: Concentrations of cobalt (Co), cadmium (Cd), arsenic (As), nickel (Ni),
chromium (Cr) and lead (Pb) in the plants root (mg kg™).
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Figure 4: Concentrations of cobalt (Co), cadmium (Cd), arsenic (As), nickel (Ni),
chromium (Cr) and lead (Pb) in the plants aerial parts (mg kg™).

The compounds of As are highly toxic and after Pb they represent
the highest toxicological risk to humans and domestic animals [23].
As for most plant species, it is their common constituent and could
be passively taken up by them with the water flow. Concentrations
of As in edible plants vary highly, most commonly in the range
from 10 to 60 pg kg™, while the tolerance for this element in plants
is established as 2 mg kg [14, 24]. As for Cd and Pb, the
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undetectably low levels of As in tested medicinal plants in this
study is highly acceptable because of its high toxicity to both
humans and animals.

Ni is an essential element required for growth and absorption of Fe,
but its presence in high concentrations can disturb the life processes
causing chlorosis, intercostal necrosis and reduced root growth. The
average Ni content in plants is 0.1-5.0 mg kg™ of dry matter [13].

Cr is an essential element for humans as a nutritional enhancement
to glucose metabolism, and for animals due to its essential role in
normal metabolism of carbohydrates and lipids. As for the plant
growth, Cr was never considered as an essential element, but some
of its stimulative effects were reported. Toxic effects in plants is
manifested in the form of chlorosis [23, 25]. The phytotoxic
concentrations of Cr in tops of plants were as follows: 18 to 24 (mg
kg™) in tobacco, 4 to 8 (mg kg™") in corn and 10 (mg kg™") in barley
seedlings [9].

Cobalt is essential to humans and animals as the vital trace mineral
and the main constituent of cobalamin, also known as vitamin B12,
but required in small amounts for daily body growth and
maintenance. For plants Co is not classified as an essential element,
however, it is usually described as “beneficial”. This trace element
can be a contaminant in soils due to agricultural additives or metal
refineries [26]. Regarding its toxicity in plants, commonly reported
critical Co levels range from 30 to 40 mg kg™ [9].

Results concerning the concentrations of Zn, Mn, Fe and Cu in the
plants root and aerial parts (Figures 1 and 2) showed the following:
Mn and Zn concentrations were below the maximum permissible
[12-13, 15] in all the analyzed parts of the tested plant species; the
toxic concentrations of Cu [13] were determined in root and aerial
parts of chicory and common comfrey; the toxic concentrations of
Fe [16] were registered in root and aerial parts of dandelion and
broadleaf plantain, and in aerial parts of common comfrey.

Results on the content of Pb, Cr, Ni, Cd, Co and As in the plants
root and aerial parts (Figures 3 and 4) showed the following:
concentrations of As, Cd, Co and Ni were below the maximum
permissible [9, 13-14] in all the analyzed parts of the tested plant
species; the toxic concentrations of Cr [13] were determined in all
parts of all studied plants; high but not toxic content of Pb [12-13]
was found in aerial parts of chicory.

Accessibility, adoption and phytotoxicity of heavy metals are not
only conditioned by their total content in the soil, but also by
chemical form, affinity of plant, and individual or interactive effect
of different soil properties. A dominant influence on increased and
toxic content of trace metals determined in the studied plant species
has a pH value of soil. Generally, in soils with low pH, the mobility
of metal cations is increased, whereas in soils with high pH the
mobility is decreased [9].

Floodwater could also be an important source of determined high
and toxic levels of heavy metals in plants. The plants that were in or
near flooded areas, should not be used in alternative medicine.
Further control of trace metals content in the plants from the studied
area is necessary in order to prevent their entry into the food chain
and to ensure the healthy food production.

Experimental

Study area: The investigation was conducted at wild habitats in the
city of Obrenovac, located about 30 km southwest of Belgrade in
Serbia, during the summer of 2015. The study area is characterized
by highly developed industrial activities since it is located in the
middle of the power plants A and B (TENT A and TENT B), at the
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distance of about 5 km from each of them. Obrenovac is also known
as a city mostly affected by the floods during May, 2014. The
studied soil type, under all plant species sampled, was Calcic
Gleysol [27]. This soil is a hydromorphic black soil, developed
under the influence of groundwater and classified in A-G class. It is
characterized with both humic and gleyic horizons which give this
soil its name [28]. It is clayey soil with the following granulometric
composition: the content of sand fractions (>0.02 mm) - 38.0%, the
content of silt fractions (0.02-0.002 mm) - 25.4%, the content of
clay fraction (<0.002 mm) - 36.6% [29]. According to the reference
values [30], the soil analyzed in this study is characterized as
slightly acid in reaction, having high levels of available potassium,
low levels of available phosphorus, containing medium levels of
SOM and medium to well provided with total nitrogen.

Sampling, preparation and analysis of the soil and plant material:
Four soil samples, in triplicates, were taken from the rhizosphere of
the tested species, from the depth of 0-30 cm. The soil samples were
air-dried, crushed and passed through a sieve (< 2 mm). In order to
provide the representative subsampling for analysis, soil fractions
smaller than 2 mm were crushed into dust by hand. The total
contents of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn and As in soil
samples were determined by inductively coupled plasma-atomic
emission spectrometry - THERMO iCAP 6300 Duo (radial/axial
view versions) ICP-OES, after the digestion of the samples with
aqua regia [31-32]. For checking the accuracy of analytical results,
the Certified European Reference Material ERM® - CC141 for loam
soil was used. The following plant species, both aerial parts and
root, were sampled: C. intybus, P. major, S. officinale and T.
officinale. The sampled plant material were dried at 105°C for a
period of 2 hours, using gravimetric method for determination of
dry matter contents of plant tissues [33]. Plant material was then
ground to 0.5 to 1.0 mm particle size to ensure homogeneity and to
facilitate organic matter digestion. The contents of Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb, Zn and As in aerial parts and root of the selected
medicinal plants were determined in triplicates with THERMO
iCAP 6300 Duo (radial/axial view versions) ICP-OES after the
digestion of the samples with concentrated HNO; and redox
reaction with H,O, for total forms extraction [34].

Calibration standards for both soil and plant material were in the
range of 0-10 ppm, except for iron (0-25 ppm). The ICP detection

limits (LOD) for soil and plant material are given in Table 3.

Table 3: The ICP detection limits for soil and plant material.

Trace elements LOD for soil (mg kg™) LOD for plant material (mg kg™

Cd 0.0111 0.013
Co 0.0201 0.041
Cr 0.0931 0.053
Cu 0.1483 0.088
Fe 3.4387 0.430
Mn 0.1902 0.025
Ni 0.1493 0.029
Pb 0.0731 0.062
Zn 0.1987 0.060
As 0.0499 0.055

LOD - low limits of detection

Data analysis: The obtained data on microelements and heavy
metals concentration in the soil studied represent the arithmetic
means of three replicates of each sampling, their ranges and
standard deviations values. The data on microelements and heavy
metal concentrations in the studied plant species are presented by
figures as the bar charts with standard deviation values.
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Verbascum (Mullein) flowers are highly valued as natural remedy for various respiratory diseases. Verbascum anisophyllum Murb. is a Balkan endemic,
protected by law and included in the Bulgarian Red Data Book as “Critically Endangered”. Thus, a strict conservation policy and a reliable evaluation of its
genetic resources are required, considering its narrow distribution range and the increasing risk from destruction of its habitats. Here, we used Inter-simple
sequence repeat (ISSR) markers to characterize the genetic diversity and to assess the genetic differentiation between the existing populations of Verbascum
anisophyllum in Bulgaria. The level of genetic diversity found herein clearly indicates a long-term potential for adaptability of this endangered plant. Our
findings provide important knowledge of population genetic structure of this species, thus representing a strategy for its efficient conservation and utilization.
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The Earth is losing at least one undiscovered new drug every two
years. Overharvesting and destruction of habitats have placed many
medicinal and aromatic plants (MAPs) at risk of extinction. For this
reason, their conservation has become increasingly urgent [1].
Understanding of the genetic variation within and among MAPs’
populations is essential for establishment of conservation strategies
and sustainable utilization of their available genetic resources.
Therefore, the molecular and chemical authentication of endangered
MAPs should go hand in hand, rather than in isolation in order to
identify the ‘elite’ population for further bioprospecting.

The genus Verbascum L. (common name mullein) comprises about
360 species of flowering plants in the Scrophulariaceae family [2].
Mulleins have been used in traditional folk medicine for treatment
of a wide range of human ailments. Verbascum leaves, flowers and
whole aerial parts have been widely used for wound healing and
treatment of respiratory and inflammatory disorders. So far, several
groups of bioactive metabolites from V. lychnitis, V. nigrum, V.
phlomoides, V. thapsiforme, V. thapsus, etc. have been reported to
posses various biological activities. Other systematically examined
species as V. salviifolium, V. lasianthum, V. mucronatum and V.
wiedemannianum are rather well studied. On the other hand, the
knowledge on some species as V. songaricum, V. sublobatum and V.
tzar-borisii is relatively limited [3a,3b].

Around 770 species or 19% of all plant species in Bulgaria are of
pharmaceutical value. A large number of rare species are included
in theRed Data Book of the Republic of Bulgaria
(http://susherbsbg.eu/en/medicinalplants/). Verbascum anisophyllum
Murb. is one of the rarest plant species in the Bulgarian flora.
Comprehensive chemical fingerprinting is needed in order to
investigate its pharmaceutical potential. Along with the studies for
chemical characterization of the species, a reliable evaluation of its

genetic resources is required, considering its restricted distribution
and the small size of its habitats.

DNA markers play an important role to portray the genetic diversity
profile of rare MAPs, due to the number of advantages: they are not
influenced by environmental factors; the tests can be performed
during any stage of plant development; a small amount of plant
sample is sufficient for analysis [4,5]. Inter-simple sequence repeats
(ISSRs) require a comparatively low amount of DNA [6a], the
utilization of long primers allows more stringent annealing
temperatures and reveals more polymorphic fragments [6b,6c]. In
addition, the development of ISSR markers does not need prior
knowledge of the genome to be analyzed. The aim of the present
study was to determine the level of ISSR variation in two existing
populations of V. anisophyllum in Bulgaria. To the best of our
knowledge there are no reports on genetic diversity of this
endangered plant. Such data will provide important implications for
the effectiveness of any programs devised to conserve and utilize
the available genetic resources of this species.

It is generally assumed that plant species with small population
sizes have lower genetic diversities than larger populations and vice
versa [7a,7b]. Because of the small size and limited area of V.
anisophyllum populations, we hypothesized that its level of genetic
diversity will be low.

Among 35 ISSR primers used herein, 10 were highly polymorphic
and amplified well-distributed fragments with good distinction. The
polymorphic loci at the population level ranged from 56.9% to
60.2%, with an average of 58.5%. The Shannon’s information index
(ST) ranged from 0.211 to 0.354, with an average of 0.283 (Table 1).
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Table 1: Genetic diversity indices based on the ISSR data for V. anisophyllum.

Population name N P (%) SI Private bands
Tsarvenyano village 20 60.21 0.354 (0.027) 12
Vukovo village 20 56.87 0.211 (0.029) 4
Mean (SE) 58.54 0.283 (0.026)

*Standard error is shown in parentheses. N: number of individuals from each population, P:
percentage of polymorphic loci, SI: Shannon’s information index.

Based on the ISSR profiling, we estimated lower genetic diversity
indices in the smaller population of the species in Vukovo village.
Both populations of V. anisophyllum had a total of 16 private
alleles, twelve in Tsarvenyano and four in population Vukovo. The
high number of private alleles indicates restricted exchange of
genes between populations. The genetic differentiation between the
populations, Fgr is 0.585 (P < 0.001). Based on the estimated Fgr
value, a low level of gene flow (N, = 0.250; N, < 1) was found.
The AMOVA analysis points to higher levels of variation among
populations (58%) than within populations (Table 2).

Table 2: Analysis of molecular variance based on ISSR markers for the two
populations of V. anisophyllum.

Source of df Sumof Meansumof Variance Variation Fsr P
variation squares squares components (%))
Among 1 45.071 45.071 3.064 58 <0.001
populations
Within 26 56.571 2.176 2.176 42 <0.001
populations
Total 27 101.643 5.240 100 0.585  <0.001

The STRUCTURE analysis revealed a strong separation between
the individuals from population Vukovo (1-20) and individuals
from population Tsarvenyano (21-40) (Figure 1).
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Figure 1: Results of the Bayesian model-based clustering STRUCTURE analysis
of 40 individuals of V. anisophyllum.

In the two-dimensional PCoA, the individuals clustered strongly
according to their population assignation. The first and second
principal coordinates responded for 47.5% and 11.0% of total
genetic variation, respectively (Figure 2).
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Figure 2: A two-dimensional plot of the PCoA of 40 V. anisophyllum individuals.
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One possible explanation of our findings is that the outcrossing and
long-lived seed plants maintain most of the genetic variations
within populations, while predominantly selfing, short-lived species
harbor comparatively higher variation among populations [8].

V. anisophyllum is an insect pollination outcrossing biennial plant.
The age of its populations is unbalanced, since only a small number
of plants reach maturity in the second year [9a-9d]. Hence, the
observed differences in genetic variations could be contributed to
the difference in the number of individuals in both populations, as
well as to the low reproductive potential of the species, due to
variation of seed production and flowering among the populations.

The ecogeographical differences of investigated populations should
also be considered, since they can affect the levels of genetic
diversity. Geographic isolation, e.g., by mountains and rivers, was
noted among different populations of various plant species, and
explained why the genetic diversity differed among the populations
[10a-10d, etc.]. In this sense, Bulgarian populations of V.
anisophyllum are not geographically distant from each other. Hence,
the differentiation among them could be mainly due to isolation
originated by its life-history and, most recently, by habitat
fragmentation.

Conservation implications: Knowledge of genetic diversity pattern
of V. anisophyllum is critical for the conservation and utilization of
the available genetic resources of this endangered plant species.
Based on the current molecular analysis of its natural populations, it
can be assumed that the conservation strategies should be oriented
towards in situ protection from overexploitation. It is well known
that plant metabolites have appeared over the course of evolution as
plants adapted to their environments. Therefore, high-throughput
efforts are required for further phytochemical analyses with
individuals belonging to the Tsarvenyano habitat. This higher-
density population deserves special management, since it exhibited
more genetic diversity and higher allelic richness, which increase its
ability to adapt to changing environmental conditions.

Experimental

Study species: Verbascum is a genus of flowering plants belonging
to the family Scrophulariaceae. The genus has palaeartic origin and
consists of more than 360 species, native to Southeastern Europe
and Southwestern Asia, with the highest species diversity in the
Mediterranean [11].

Plant material: In Bulgaria, the species occurs in Mt. Konyavska
and numbers some 300 individuals on an area of about 20 ha near
Tsarvenyano village and about 100 individuals on an area of 5 ha
near Vukovo village (Figure 3).
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Figure 3: Geographic locations of the two Bulgarian V. anisophyllum populations
sampled.

A small set of V. anisophyllum leaf samples were collected during
the flowering stage (Table 3). The distance between the collected
samples within the respective population was at least 5 m.
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Table 3: Location and sampling information for two localities of V. anisophyllum in
Bulgaria.
Population name

Geographical position Number of samples collected

Tsarvenyano Latitude: 42.33966° 20
village Longitude: 22.80171°
Vukovo Latitude: 42.20414° 20
village Longitude: 22.97331°

DNA extraction: Genomic DNA was extracted from 50 mg of dried
leaf tissue following a modified CTAB protocol [12] with no further
purification.

ISSR analysis: Ten ISSR primers (Microsynth, Switzerland) were
selected after screening 35 primers on a small subset of samples
(Table 4). The PCR and amplification product analysis followed
[13].

Table 4: Primer sequences, total number and number of polymorphic bands, and
annealing temperature (T,) for ISSR primers used in this study.

Primer sequence Total number of Number of Polymorphism T,
(5> 3) bands polymorphic bands (%) (°C)
(GA)T 15 15 100 60
(GA)A 13 13 100 60
(CA)%G 15 15 100 60
(AC)T 17 17 100 60
(AC)C 14 14 100 60
(AC)G 15 15 100 60
(AG)KYT 17 17 100 55
(AG)YC 16 16 100 55
(GARYG 15 15 100 55
(ACKYT 19 19 100 55
156 156 100

Software data analysis: The ISSR were treated as dominant
markers and each locus was considered as a bi-allelic locus with
one amplifiable and one null allele. The well resolved and
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consistently reproducible amplified DNA fragments as bands were
scored with regards to their presence (1) or absence (0). The
assignment of ISSR bands to genetic loci was performed semi-
automatically using the GelAnalyzer 2010a image analysis software
(http://www.gelanalyzer.com). The binary data were used for
determining the genetic diversity among the populations. Genetic
diversity was measured based on the percentage of polymorphic
loci (P) and Shannon’s information index (SI) using GenAlEx v.6.5
[14a,14b] and ARLEQUIN v.3.5.1 [14c]. GenAlEx was used for
AMOVA [14d], to calculate the partitioning of genetic variation
between and within the populations. Spatial genetic relationships
among the samples were visualized by Principal Coordinate
Analysis (PCoA) using Nei's genetic distance [14e]. To investigate
for patterns among the populations, we used STRUCTURE v.2.2
[14f]. A total of 10 independent runs were performed for each set
with K ranging from 1 to 10, a burn-in algorithm was applied
(1x10° interactions and 1x10° subsequent Markov Chain Monte
Carlo steps) [14g]. The mean likelihood was plotted for each cluster
L(K) against the cluster number (K). To establish the optimal
number of clusters, the relationship between K and AK, the second
order rate of change of the likelihoods, was plotted [14h]. The best-
fit number of groupings was evaluated using AK by STRUCTURE
HARVESTER v.0.6.8 [14i].
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Research was carried out in order to evaluate the effect of drought and salinity on Citrus aurantium L. plant physiological characteristics, total phenolic,
flavonoid and ascorbic acid contents, and volatile organic compounds. C. aurantium plants were exposed to different levels of drought and salinity for an
experimental period of 60 days. Moderate water deficit (MWD) and 100 mM NaCl increased significantly leaf total phenolic, flavonoid and ascorbic acid
contents. Both drought and salinity promoted the accumulation of essential oil in leaves, while MWD and 100 mM NacCl resulted in the highest concentrations
of essential oil. The main compounds of the essential oil were linalool, linalyl acetate, neryl acetate, geranyl acetate and a-terpineol. MWD and severe water
deficit (SWD) reduced the concentration of hydrocarbon monoterpenes and promoted the accumulation of oxygenated compounds, while treatment with 50
and 100 Mm NaCl, promoted the accumulation of hydrocarbon monoterpenes and reduced oxygenated monoterpene concentrations in C. aurantium.

Keywords: Citrus aurantium, Drought, Essential oils, Salinity, Secondary metabolites.

Citrus aurantium L. (Rutaceae family), commonly known as sour or
bitter orange, is often used as a rootstock for other Citrus species,
due to its tolerance to cold, resistance to several viral diseases and
the improvement of the fruit quality of the grafted plants. However,
the fruits, leaves and flowers are also used by the food and
cosmetic/pharmaceutical industries. Immature fruits are used for
fruit jellies, spoon sweets production and as a condiment, while
flowers and leaves are used as a source of fibers, substances for
weight loss and flavored sweets [1]. Due to the anxiolytic and
sedative effect and to the high price of the oils in the international
market of aromatherapy, perfume and cosmetic industries, they are
considered as one of the main by-products of sour orange [2].

Drought is one of the most significant limiting factors in many
regions of the world, which seriously affects plant growth and
development. Many physiological and biochemical processes in
plants are affected, which often causes oxidative stress and
increases the concentration of different secondary compounds [3].
In Greece, Citrus species are mostly grown or cultivated in coastal
areas and in islands, where problems arise due to high
concentrations of Na" and CI". Saline soils are more pronounced in
areas with semi-arid and arid climate, due to high levels of
evapotranspiration and the low level of rainfall, which is
insufficient for leaching salts from the soil. Salt stress often creates
both ionic and osmotic stress in plants, resulting in either
accumulation or decrease of specific secondary metabolites in
plants [3]. Under stress conditions plants are forced to develop
enzymatic and non-enzymatic mechanisms in order to resist the
production of toxic free radicals and enhance their defense system
[4]. To maintain a balance between ions in the vacuoles and
cytoplasm, low molecular mass compounds referred to as osmolytes
are produced in the cytoplasm [5].

Recently we reported linalool, a-terpineol and linalyl- and
geranyl-acetates as the major compounds of the essential oil from
C. aurantium leaves grown in Greece [6]. However, no data exist on
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Figure 1: The effect of drought and salt stress on leaf transpiration (A), stomatal
conductance (B), water potential (C) and photosynthetic rate (D) of C. aurantium. Data
represent means + SE of 5 replicates. Different letters indicate significant differences
according to Duncan’s multiple range tests (P < 0.05).

the effect of drought and salinity on the content and composition.
The aim of this study was to investigate the volatile organic
compounds and other secondary metabolites of C. aurantium leaves
under the influence of drought and salinity conditions.

The photosynthetic parameters, leaf transpiration, stomatal
conductance, water potential and photosynthetic rate, represent the
physiological state of plants under the various levels of stress
conditions; drought and salinity, applied in this experiment (Figure
1 A, B, C and D). Under the influence of both drought and salinity,
these parameters were decreased compared with control plants
(Figure 1A, B and D). In addition, there was a decrease in water
potential under drought and salinity, while this decrease was 2 times
higher (-32.67 bar) under the influence of SWD (Figure 1C).
According to Lowlor and Cornic, the rate of photosynthesis in
higher plants is decreased when relative humidity and leaf water
potential are restricted [7]. Moreover, drought stress induces



194 Natural Product Communications Vol. 12 (2) 2017

stomatal closure, which in our study was manifested by reduced leaf
transpiration and photosynthetic rate. Drought can generally
suppress biochemical processes of assimilation and utilization of
carbon through the activity of Rubisco [8].

The concentration of total carbohydrates (CHs) was limited under
drought and salinity conditions, while significant differences were
observed in the SWD and in 50 and 100 mM NaCl, compared with
the control plants (Figure 2A). Proline almost doubled in SWD-
treated plants and increased significantly in plants treated with
100 mM NaCl (Figure 2B). It is well documented that CHs are
necessary for cell growth and they are produced mainly through the
process of photosynthesis, while they have important functions,
such as osmoregulators, carbon storage and deactivation of free
radicals [9]. However, some studies have shown that osmotic stress
increases the CH concentration [5] while others reported a reverse
effect [10, 11]. On the other hand, one possible role of proline is
that it may stabilize DNA, membranes and protein complexes and
can act as an energy source providing carbon and nitrogen, in order
to relieve the stress [12].
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Figure 2: The effect of drought and salt stress on leaf CHs (A) and proline content (B)
of C. aurantium. Data represent means = SE of 5 replicates. Different letters indicate
significant differences according to Duncan’s multiple range tests (P < 0.05).

The two levels of drought and salinity stress increased the
concentration of total phenols by 20 and 25% under MWD and 100
mM NaCl, respectively (Figure 3A). In addition, all the stressed
plants accumulated higher amounts of flavonoids compared with the
control (Figure 3B). The total ascorbic acid concentration was
increased by 37 and 88%, under the influence of MWD and SWD,
while 50 and 100 mM NaCl increased it by 22 and 36%,
respectively (Figure 3C). These changes in phenol and total
ascorbic acid were positively correlated with the level of drought
(r=0.753 and 0.987, P < 0.01) and salinity (r=0.899 and 0.945, P <
0.01), respectively. It has been reported that various stress
conditions enhanced phenylpropanoid metabolism, phenolic
concentration and increased synthesis of flavonoids [13, 14]. In
addition these changes could be due to an activation of enzymes
like phenylalanine ammonia lyase, chalcone synthase and
phosphoenolpyruvate-carboxylase, suggesting a shift from sucrose
production to processes in support of defense and adaption [15].
Ascorbic acid acts as a co-factor for many enzymes such as
ascorbate peroxidase (APX), which uses it as an electron donor
[16]. A high level of endogenous APX is required, as it maintain
effectively the antioxidant mechanism and protects plants from
oxidative stress [17].

Under MWD conditions, C. aurantium yielded the highest essential
oil in our experiments (Table 3). Similar positive effects have been
reported in parsley [18], sage [19], mint and rosewood [20].
Moreover, treatment with 50 and 100 mM NaCl increased
significantly the leaf essential oil content. Our results are also in
agreement to those of Hendawy and Khalid (2005) [21], AbouEl-

Sarrou et al.

Fadl et al. (1990) [22] and Neffati et al. (2011) [23], who reported
an increase of essential oil in salvia, mint and coriander,
respectively, under the influence of salinity. According to Dow et
al. [24], salinity causes a decrease of essential oils in plants of the
family Lamiaceae, probably due to a limited absorption and
transport of Ca from the roots to shoots and by changing the ratio of
Ca/ABA in the leaves. Moreover, the salinity may affect the
accumulation of essential oils indirectly, through the effects on
assimilation of substances which are necessary for plant growth.
While, salinity seems to inhibit the synthesis of essential oils in
mint and chamomile [25, 26], in other plants the synthesis seems to

be induced [27-39].
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Figure 3: The effect of drought and salt stress on leaf total phenolic (A), total flavonoid
(B) and total ascorbic acid (AsA) (C) of C. aurantium. Data represent means + SE of 5
replicates. Different letters indicate significant differences according to Duncan’s
multiple range tests (P < 0.05).

Significant differences were observed in the composition of the
examined oils, especially under SWD conditions. Fourteen
compounds, accounting for 95.4-99.5% of the total essential oil,
were detected in all the treatments and among them; the most
abundant were linalool, a-terpineol, and linalyl-, geranyl- and neryl-
acetates (Table 3). Generally, SWD reduced significantly the total
amount of monoterpene hydrocarbons and increased the amount of
oxygenated compounds in the essential oil of C. aurantium leaves.
More specifically, SWD increased the concentration of linalyl
acetate and B-caryophyllene, and limited the amounts of linalool, a-
terpineol and all the hydrocarbon monoterpenes. Similar effects of
salinity stress on the accumulation of sesquiterpenes have also been
reported [23]. In contrast, 50 and 100 mM NaCl, promoted the
accumulation of hydrocarbon monoterpenes and reduced the
oxygenated monoterpenes concentration. In addition, both levels of
NaCl provoked the accumulation of carene, limonene and trans-83-
ocimene. The accumulation of monoterpenes could have an
ecological significance in the defense mechanism of plants.
Monoterpenes are secondary metabolites formed in the chloroplasts
so their concentration may depend on CO, levels and the metabolic
intermediates formed during the process of photosynthesis [30].
Among other factors, the characteristics of photosynthesis and the
product