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Abstract

This study is outlined to define the chemical composition and in vitro antioxidant activity of the extracts of aerial part and root of Er-
yngium campestre L. (Apiaceae) from Kosovo. Analysis of the chemical composition include determination of total ash, ash insoluble in
hydrochloric acid, loss on drying and the content of water extract, as well as determination of flavonoids in aerial part and hemolytic activ-
ity of the root. The mineral composition (Zn, Fe, Cu, Mn, Ni, K, Co, Pb, Cd and Cr) in aerial parts and root has been studied using atom-
ic absorption spectroscopy (AAS and ETAAS). Different part of E. campestre accumulate different amounts of investigated minerals. An-
tioxidant activity was determined by four various testing systems: DPPH assay, inhibition of production of hydroxyl radical, B-carotene-
bleaching assay, and inhibition of lipid peroxidation (TBA test). In DPPH system, ethanol extract of root of E. campestre exhibited high-
er radical-scavenging activity (IC, = 0.72 mg ml") compared to the extract of the aerial part (IC, = 1.14 mg ml™"). On the other hand, aer-
ial part ethanol extract has exhibited stronger inhibition capacity on the production of hydroxyl radical in deoxyribose system than the
root extract (50% and 45%, respectively). However, both ethanol extracts of E. campestre exhibited low antioxidant activity in f-carotene-
bleaching assay as well as, low capacity for inhibition of spontaneous lipid peroxidation in rat liver homogenate.
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Introduction

Eryngium campestre L. (Apiaceae) (field eryngo) is pe-
rennial plant, spread in Spain, France, Germany, Balkan
Peninsula and other scattered localities in Europe, and in Af-
rica and Asia as well (Ingram, 2006). It has been used in folk
medicine as an infusion to treat cough, whooping cough,
urinary infections, disturbed functions of kidney, increased
urine secretion, eliminating out stones and sand from kidney
and bladder, against water retaining and other conditions on
urinary tract, for regulation of the function of prostate .

* svku@ff.ukim.edu.mk

The root of eryngo is known as antispasmodic, aromat-
ic, diaphoretic, diuretic, expectorant, galactofuge and stim-
ulant (Petkov, 1982). It promotes free expectoration and is
very useful in the treatment of debility attendant on coughs
of chronic standing in the advanced stages of pulmonary
consumption. There are none known hazards of Eryngi-
um campestre, even more young shoots and roots are ed-
ible parts of the plant which can be cooked and used as
an asparagus substitute and as an easily digested vegetable
(www.gardenzone.info).

The presence of bioactive secondary metabolites in-
cluding saponins, phenolic acids, flavonoids, coumarins,
essential oil, is considered to determine pharmacological
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activities of the plants of genus Eryngium, as well. Consid-
ering phenolics, flavonoids are the most investigated com-
pounds. The literature data show that Eringium campestre
contain glycosides of kaempferol, isorhamnetin, luteolin
and quercetin (Karting and Wolf, 1993; Nebija et al. 2006)
and flavanolacyl glycosides (Hohman et al. 1997) while the
other representatives of the genus such as Eringium planum
kaempferol and its glycosides (Stecka-Paszkiewez, 1983,
Zarnack et al. 1977), E. maritimum contains glycosides of
kaempferol, isoquercetin and astragalin (Hiller et al. 1981)
and E. creticum glycosides of quercetin (Al-Khail, 1994).
E. campestre contains coumarins (Erdelmeier and Stich-
er, 1985), D-mannitol (Asenov and Gevrenova, 1991), cy-
clohexanone and cyclohexadienone glycosides (Erdelmeier
and Sticher, 1986). Similar components were identified in
other species of Eryngium, for example acetilenes in E. cre-
ticum (El-Gamal et al. 1978) and coumarins in E. ilicifolium
(Pinar and Galan, 1985). However, the most important class
of secondary metabolites investigated in root of Eryngium
campestre and other species of Eryngium were saponins.
Thus, Kartal et al. were the first that had reported presence
of two barringenol saponins in roots of E. campestre. These
structures were elucidated by 2D NMR and mass spectrom-
etry (Kartal et al. 2005). Five other saponins also glyco-
sides of barringenol were reported one year latter (Kartal
et al. 2006). Hiller at al. reported presence of eryngium sa-
ponins A, Al, A2 and B in root of E. planum (Hiller et al.
1972), then saponins of betulinic and oleanolic acids in E.
bromelifolium (Hiller et al. 1974; 1976, 1978) and similar
saponins in E. maritimum (Hiller et al. 1976). According to
this, saponins were considered as the class of components
responsible for anti-inflammatory effects of the root extract
from E. campestre, but also for root and herb extracts of
E. maritimum, E. kotschyi, E. creticum (Kupeli et al. 2006;
Lisciani et al. 1984). Extracts of E. creticum could act ben-
eficially against the hemolytic activities of snake and scor-
pion venoms (Alkohafi et al. 1997), while E. foetidum leaf
extract acts as anticonvulsant, anti-inflammatory and anal-
gesic agent (Simon and Singh, 1986; Saenz et al. 1998).
Representatives of Eryngium species contain significant
amounts of volatile oils and their oil composition and pos-
sible biological activity were investigated as well (Capeta-
nos et al. 2007; Lerclercq et al. 1992; Pala-Paul et al. 2005;
Pino et al. 1997a, 1997b; Wong et al. 1994). Finally, lypo-
phylic extracts of species of genus Eryngium contain dif-
ferent phytosterols which are considered as important con-
stituents for topical anti-inflammatory activity on acute and
chronic inflammation models (Garcia et al. 1999).

Eryngium campestre is widely spread throughout the
territory of Kosovo. Until now there is no data of chem-
ical composition and biological activity of Eryngii herba
or Eryngii radix originated from Kosovo. Having in mind
all previously mentioned, the aim of the present research
is determination of the chemical composition and possible
antioxidant activity of different parts of Eryngium campes-
tre from Kosovo.

Experimental

Plant material

The samples of the aerial parts in full blossom (Eryn-
gii herba) were collected during summer in 2002 and 2003
on three different locations in Kosovo: 1) Prishtina, 2) Po-
duevo and 3) Lipljan. The roots (Eryngii radix) were col-
lected at the same locations in autumn 2002 and 2003, as
well. The samples were labeled with following marks for
samples collected from 1) Prishtina, 2) Poduevo and 3) Li-
pljan, respectively:
- EH1/02, EH2/02 and EH3/02 for aerial plant ma-
terial collected in 2002,
- EH1/03, EH2/03 and EH3/03 for aerial plant ma-
terial collected in 2003,
- ER1/02, ER2/02 and ER3/02 for the roots collect-
ed in 2002, and
- ER1/03, ER2/03 and ER3/03 for the roots collect-
ed in 2003.

Herbarium voucher specimens with the same marks
were deposited at the Institute of Botany, Section Phar-
macy at the Faculty of Medicine in Prishtina, Kosovo. All
samples were left to air dry and then put in a paper bags
and stored at cool, dry and dark place, until analysis.

Determination of basic chemical parameters

The contents of total ash and ash insoluble in hydro-
chloric acid as well as the loss on drying were determined
using methods described in European Pharmacopoeia (Ph.
Eur. 4). The content of total water extractive was deter-
mined by method in Ph. Jug. IV.

Determination of flavonoids

The content of flavonoids was determined in the sam-
ples of Eryngii herba by UV/Vis spectrophotometry, using
AlCI, as complexation reagent and method for determina-
tion of flavonoids described in Ph. Eur. 4. The spectropho-
tometer analysis was carried out in an Ultraviolet visible
equipment (Perkin Elmer Lambda 16) at 425 nm. The re-
sults were expressed in percentage of flavonoids, calculat-
ed as quercetin, from the average of six determinations, us-
ing the calibration curve of quercetin (concentration range
0-100 pg.ml'; y = 0,0103x + 0.0066, R’ = 0.9993).

Determination of hemolytic activity

Haemolytic activity (expressed as HA) was evaluated
for the root of Eryngium campestre by the method given in
the Pharmacopoeia Jugoslavica (Ph. Jug. 4) using the Sa-
ponin-standard (HA = 30000) as the reference substance.
The value of hemolytic activity (SU/g) was calculated us-
ing following equation:

HA=a-c/b-d (SU/g)
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where: a = minimum volume (ml) of saponin-standard so-
lution that provoke total hemolysis; b = minimum volume
(ml) of extract that provoke total hemolysis; ¢ = mg of sa-
ponin-standard in 100 ml standard solution; d = g of plant
material in 100 ml extract.

Determination of mineral content

Sample preparation. Microwave-assisted digestion in
a Milestone Touch Control microwave digestion system
was used for mineralization purposes. To 0.5 g herbal ma-
terial 2 ml of conc. HNO, and 1 ml of 30% H,O, were add-
ed and the mixture was subjected to microwave digestion
with following program:

Step  Temperature/°C Duration/min ~ Power/W
1 180 10 800
2 180 15 800

After cooling, the obtained solution was transferred
into 50 ml volumetric flask and filed up with 4% HNO.,.
With each set of digested samples, a blank sample was run
through the digestion procedure.

Instrumentation condition. Macroelements were deter-
mined by atomic absorption spectrometry (AAS). A Varian
SpectrAA 640Z Zeeman electrothermal atomic absorption
spectrophotometer with a Varian PSD-100 Autosampler
and Varian SpectrAA 880 with deuterium correction (for
flame determination) were used. Hollow cathode lamps
were used as a source. Operating conditions for the deter-
mination of Pb, Co, Ni, Cr, Fe, Mn, Na, K, Cd and Zn are
given in Tables 1 and 2.

Determination of the radical scavenging and antioxidant
activity

Sample preparation. Dried powdered plant mate-
rial (10 g) was extracted by continual mixing in 100 ml

Table 1. Instrumental parameters for determination of Na, K, Ni, Fe, Mn, Cu and Zn by flame AAS

Element Wavelenght, nm Slit, nm Lamp current, mA

Na 589.0 0.2 5

K 766.5 1.0 5

Ni 232.0 0.2 4

Fe 248.3 0.2 5

Mn 279.5 0.2 5

Cu 324.8 0.2 5

Zn 213.9 1.0 5

Gas mixture Acetylene/air
Table 2. Optimal parameters for Co, Ni, Pb, Cd and Cr determination by Zeeman ETAAS

Parameters Co Pb Cd Cr
Wavelength, nm 242.5 232.0 283.3 228.8 3579
Slit, nm 0.2 0.2 0.5 0.5 0.5
Lamp current, mA 7.0 4.0 5.0 4.0 7.0
Calibration mode Absorbance, peak hight
GAS Argon
DRYING
Temperature (°C) 120 120 120 120 120
Ramp time (s) 45 45 45 45 45
Hold time (s) 10 10 10 10 10
CHARING
Temperature (°C) 750 800 400 250 100
Ramp time (s) 5 6 5 5 5
Hold time (s) 32 2 32 2 3
ATIMIZING
Temperature (°C) 2300 2400 2100 1800 2500
Ramp time (s) 1.1 1 1 0.7 1.2
Hold time (s) 2 2 2 0 2
CLEANING
Temperature (°C) 2300 2400 2100 1800 2500
Hold time (s) 2 2 2 2

* Program for steps 1-3 is the same for all elements
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ethanol:water (7:3, V/V), 24 h at room temperature. Af-
ter filtration, filtrate was evaporated until dry. The residues
were dissolved in 96% ethanol to obtained solution with
concentration 0.1 g ml".

Reagent and standrads. The standards of quercetin
and BHA (butyl hydroxyl anisole) were purchased from
Extrasynthese, Lyon, France. All other chemicals were of
reagent grade and were used without further purification.

Assesment of the free radical scavenging activity in
1, I-diphenyl-2-picrylhydrazyl radical (DPPH) assay. The
antioxidant activity using the DPPH assay was assessed by
the method of Tagashira and Ohtake (1998). A test sam-
ple solution (plant extract) (200 ul) was added to 4 ml of
100 mmol I"! ethanolic DPPH. After vortexing, the mix-
ture was incubated for 10 minutes at room temperature and
the absorbance was measured at 517 nm. The differences
in absorbance between a test sample and a control (etha-
nol) was considered as an activity. The activity was shown
as IC,, value. Quercetin and BHA (100 mg ml" in ethanol)
were used as reference substances. All values are shown as
a mean value of the three measurements.

Assesment of the hydroxyl radical scavenging activ-
ity. Hydroxyl radical scavenging activity was carried out
by measuring the competition between deoxyribose and
the plant extracts for hydroxyl radicals generated from the
Fe**/ascorbate/EDTA/H,O, system. The attack of the hy-
droxyl radical on deoxyribose leads to TBARS (thiobar-
bituric acid-reactive substances) formation (Haliwell and
Gutteridge, 1981). The extracts were added to the reaction
mixture containing 2.8 mmol I'! deoxyribose, 100 mmol 1!
FeCl,, 104 mmol I'' EDTA, 100 mmol I"" ascorbic acid, 1
mmol I H O, and 230 mmol I' phosphate buffer (pH 7.4),
making up a final volume of 1.0 ml. In the series of control
experiments reference substances, such as quercetin and
BHA (100 mg ml! in phosphate buffer-pH 7.4), were used
instead of the extracts. The reaction mixture was incubat-
ed at 37 °C for 1 h. The formed TBARS were measured by
the method given by Ohkawa et al. (1979). One ml of thio-
barbituric acid TBA (1%) and 1.0 ml trichloroacetic acid
(TCA 2.8%) were added to the tested tube and were incu-
bated at 100 °C for 20 min. After cooling, absorbance was
measured at 532 nm against a blank containing deoxyri-
bose and buffer. Reactions were carried out in triplicate.

Assesment of antioxidant activity. The antioxidant ac-
tivity of the plant extracts was evaluated using -carotene-
bleaching assay (Wanasundara et al. 1994). A solution of
[-carotene was prepared by dissolving 2.0 mg of B-carotene
in 10 ml chloroform. One ml of this solution was pipetted
into a round-bottom flask. When chloroform was rotary
evaporated at 40 °C under vacuum, 20 mg of purified li-
noleic acid, 200 mg of Tween 40 emulsifier and 50 ml of
distilled water were added to the flask with vigorous shak-
ing. Aliquots (5 ml) of this emulsion were transferred into
a series of tubes containing 2 mg of each plant extract or

2 mg of BHA (butylated hydroxyanisole) or 2 mg of quer-
cetin, for comparison. Aliquots (5 ml) of emulsion without
any further additions were used as control. As soon as the
emulsion was added to each tube, the zero time absorbance
was read at 470 nm. Subsequent absorbance readings were
recorded at 10-min intervals by keeping the sample in a
water bath at 50 °C until the visual color of B-carotene in
the control sample had disappeared (about 120 min).

Assesment of the capacity of inhibition of spontaneous
lipid peroxidation (LP). The quantitative measurement of
lipid peroxidation was done by measuring the concentration
of thiobarbituric acid reactive substances (TBARS) in liver
homogenate using the method of Ohkawa et al. (1979). The
amount of formed malondialdehyde (MDA) was quantitat-
ed by reaction with thiobarbituric acid and used as a mea-
sure of lipid peroxidation. The results were expressed as
nmol MDA.mg! protein. The content of protein was deter-
mined according to the method of Bradford using bovine
serum albumin as a standard (Bradford, 1976).

Preparation of liver homogenate. The rat livers were
exposed, dissected free from extraneous tissues, rinsed
with chilled 1.15% KCI solution (pH 7.0) and 50% homo-
genate was prepared in 0.15 mol I'! sodium phosphate buf-
fer (pH 7.0). The homogenate was centrifuged at 3500 g
for 10 minutes at 4 °C and the supernatant was used for the
estimation of lipid peroxidation level.

Preparation of control: to 0.5 ml of liver homogenate
supernatant (LHS), 10 pl H,O and 4.5 ml extractive solvent
(10 ml 10 % HCIO, saturated with TBA and 30 ml 20%
TCA) were added and heated on 95 °C for 20 minutes. Af-
ter cooling, the mixture was centrifuged at 3500 g, 10 min-
ute. Absorbance of transparent supernatant was measured
on 532 nm.

Preparation of test solution: to 0.5 ml of liver homo-
genate supernatant (LHS), 10 ul of plant extract (or ref-
erence substance solution) and 4.5 ml extractive solvent
were added and heated on 95 °C for 20 minutes. After cool-
ing, the mixture was centrifuged at 3500 x g, 10 minute.
Absorbance of transparent supernatant was measured on
532 nm.

The inhibition of lipid peroxidation (%) was calculat-
ed using following equation:

A -4

1% =——"x100
A

0

A - absorbance of control; A - absorbance in presence of

extract (reference substance).
The amounts of formed malondialdehyde (nmol MDA

mg protein) were calculated using following equation:

CMDA=£><ZX1073XR
e W

A - absorbance; € - 156 000 dm*/mol; V, - volume before
centrifugation; V| - volume of LHS; R - dissolution rate.
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Results and discussion

Basic chemical parameters

The basic parameters important for assessment of qual-
ity of dried aerial part of Eryngium campestre from Koso-
vo (Eryngii herba) and roots (Eryngii radix) included de-
termination of total ash, ash insoluble in hydrochloric acid
and loss on drying (Table 3). The values of loss on dry-
ing ranged from 7.0 to 9.5% in herba and from 7.0-9.9%
in radix. The amounts of total ash were lower in samples
of herba (5.8-7.3%) in comparison to those of radix (9.6-
13.3%). Samples of Eryngii herba had lower percentage of
water extract (18.3-24.5%) in comparison to the samples
of Eryngii radix (29.6-36.6%). Obtained results showed
presence of larger amounts of possible active components
in Eryngii radix. The amount of 8.41% total ash from the
leaves of E. foetidisima are reported previously (Borah et
al. 2009).

Flavonoid content

The results of determination of total flavonoid content
in Eryngii herba are presented in Table 4. The percentages
of total flavonoids (0.12 - 0.14%) were expressed as total
quercetin. Compared with literature data, the contents of
total flavonoids were lower than those previously reported
by other researchers. Thus, in dried aerial parts of E. pla-
num, E. campestre and E. maritimum from Romania, to-
tal of 0.32 — 0.56% of flavonoids expressed as rutin were
found (Suciu et al. 20006).

Hemolytic activity

The results of the evaluation of hemolytic activity
of Eryngii radix are presented in Table 5. Obtained val-
ues were lower in comparison to the HA of some saponin-
containing plants such as Saponaria officinalis (radix) (50
SU/g), Herniaria glabra (herba) (30 SU/g) or Primula ver-

Table 3. The levels of basic chemical parameters for assessment of quality of Eryngium herba and Eryngium radix, Eryngium

campestre from Kosovo (%)

Sample Loss on drying Ash Ash insoluble in hydrochlorid acid Water extract
EH1/02 7.5 6.6 1.9 24.2
EH1/03 7.0 5.8 2.0 22.5
EH2/02 7.6 6.6 1.7 18.8
EH2/03 9.1 7.3 2.3 21.1
EH3/02 7.7 5.8 1.5 21.8
EH3/03 9.5 5.8 1.8 18.3
ER1/02 8.9 10.7 1.9 36.6
ER1/03 9.8 11.9 3.0 33.6
ER2/02 7.0 13.0 2.5 31.6
ER2/03 9.0 12.0 3.6 29.6
ER3/02 9.9 13.3 4.8 34.7
ER3/03 9.3 9.6 53 33.8

EH — samples of Eryngii herba, ER — samples of Eryngii radix, n = 3.

Table 4. The content of total flavonoids in Eryngii herba, Eryngium campestre

EH1/02 EH2/02 EH3/02 EH1/03 EH2/03 EH3/03
(%)+Sd 0.12+0.01 0.14+0.01 0.13+0.01 0.13+0.03 0.13+0.04 0.14+0.03

n = 3; Sd — standard deviation; EH — samples of Eryngii herba

Table 5. The values of hemolytic activity of Eryngii radix, Eryngium campestre (saponin units per g plant material, SU/g)

ER1/02 ER2/02

ER3/02

ER1/03 ER2/03 ER3/03

HI 14.4 153

15.8

14.9 16.3 14.08

ER — samples of Eryngii radix, n=3.
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is (radix) (120 SU/g), (Ph. Jug. 5). Data of hemolytic ac-
tivity of Eryngii radix are not available in the literature.
Among information about the presence of triterpene sa-
ponins in Eryngium campestre and other Eryngium spe-
cies, data of chemical structure of saponins could be found
(Kartal et al. 2005; 2006). Romanian researchers investi-
gated the chemical composition of indigenous Eryngium
species in Romania (E. planum, E. campestre and E. mar-
itimum) and found that triterpene saponins (determined by
gravimetric method) were presented in the aerial part of the
plants, ranging from 3.7-10.1% (Suciu et al. 2006).

Mineral content

Determination of mineral content included determina-
tion of eight microelements (Cd, Co, Cr, Cu, Fe, Mn, Pb
and Zn) and two macroelements (Na and K). The results
obtained for the samples of Eryngii herba and Eryngii ra-
dix are presented in Table 6. Obtained results differ a lot
depending on the plant organ or the origin of the sample.
In some cases the content of investigated minerals in Eryn-
gii herba was relatively constant such as that of Zn (15.14-
20.39 mg kg™, Cr (0.7-1.57 mg/kg) or Cu (8.17-11.17 mg
kg™") while for the other minerals higher variability occurs
(Fe from 69.93-196.77 mg kg''; Mn 31.46-47.68 mg kg™).
The content of toxic elements was very low, from 0.17-
1.33 mg kg! and from 0.05-0.12 mg kg for Pb and Cd,
respectively. The content of K in Eryngii herba was very
high, from 1765.10-2538.08 mg kg'' while the content of
Na ranged from 43.65-94.7 mg kg

Similar results were obtained for the content of miner-
als in Eryngii radix (Table 6). The content of Mn was al-
most the same as it was found in herba, from 25.19-41.19
mg kg, the content of Zn ranged from 15.55-25.29 mg
kg, and for Cu from 9.16-12.45 mg kg'!. Great variabili-

ty in the content of Fe was occurred again and significantly
larger amounts were found in Eryngii radix ranging from
198.9-325.7 mg kg!. The content of Na in Eryngii radix
was higher than in Eryngii herba, ranging from 170.2-
590.9 mg kg!, while the content of K in Eryngii radix was
also very high, from 743.7-961.8 mg kg'! but significantly
lower than in Eryngii herba. The content of toxic elements
was very low, from 0.10-1.76 mg kg and from 0.04-0.16
mg kg for Pb and Cd, respectively.

Generally, Eryngii herba accumulates larger amounts
of K while Eryngii radix accumulates larger amounts of
Na and Fe. Comparing with the literature data, the leaves
of E. billardieri contain higher amount of N, K, Ca and Mg
and lower amount of P, S and Na than some common veg-
etables, while the content of Fe, Mn, Zn and Cu were at
the same level (Turan et al. 2003). In leaves of E. foetidis-
ima, 24.26 mg g' Fe and 11.26 mg g' K were found (Bo-
rah et al. 2009).

Radical scavenging and antioxidant activity

DPPH free radical scavenging activity

Free radical scavenging activity of Eryngium extracts
was determined by comparing the activity with that of
referent substances (quercetin and BHA), which possess
known antioxidant potential. The values obtained in DPPH
assay for plant extracts are shown together with that of ref-
erence substances (Table 7). The highest scavenging effect
was obtained with quercetin (IC,=0.06 mg ml") and the
lowest one with the root extract of E. campestre (IC,=1.14
mg ml™). The results suggest that E. campestre extracts act
as non-specific donators for hydrogen atoms or electrons
in the DPPH-assay. When compared to the reference sub-
stances, the Eryngium extracts were found to be less effi-
cient. Nevertheless, the existing scavenging effects of the

Table 6. The content of minerals in Eryngii herba and Eryngii radix after mineralization in micro-wave digestion system

(MW) (w/mg/kg)
Sample Cd Co Cr Cu Fe K Mn Na Pb Zn
Eryngii herba
EH1/02 0.11 0.08 0.70 8.17 69.9 1963 33.78 43.66 0.17 17.19
EH2/02 0.14 0.10 1.57 9.90 119.7 2167 47.68 81.50 0.75 19.17
EH3/02 0.11 0.08 1.58 8.26 114.5 2228 44.67 56.74 0.28 20.40
EH1/03 0.067 0.09 1.55 11.17 148.6 1774 32.51 46.15 0.18 15.99
EH2/03 0.06 0.13 1.36 10.39 196.8 1765 31.46 62.87 0.97 15.93
EH3/03 0.10 0.10 1.23 10.74 162.5 1797 32.86 94.70 1.33 17.47
Eryngii radix
ER1/02 0.16 0.50 3.19 12.45 213.7 934 26.11  590.91 0.14 25.29
ER2/02 0.12 0.44 4.33 11.29 209.7 849 2519  551.85 0.36 22.63
ER3/02 0.10 0.49 3.82 10.64 325.7 744 26.02  492.99 0.10 20.95
ER1/03 0.04 0.24 2.53 9.16 198.9 932 4141  170.70 0.46 16.57
ER2/03 0.09 0.18 2.45 9.52 208.7 962 41.18  172.38 1.76 16.68
ER3/03 0.06 0.19 2.03 10.43 183.3 910 41.19  218.67 0.62 15.56

Maced. pharm. bull., 55 (1, 2) 22 - 32 (2009)



Chemical characterization and antioxidant activity of Eryngium campestre L., Apiaceae from Kosovo 29

examined extracts probably could be attributed to the pres-
ence of flavonoids, but also could be resulted of the activity
of other secondary biomoleculs present in the extracts.

Compared to literature data, different Eryngium spe-
cies manifest different radical scavenging activity. Thus,
the methanol extracts of leaves and inflorescence of Eryn-
gium caucasicum at flowering stage show remarkable ac-
tivity with IC,; = 0.15+0.01 mg ml" for leaves and 0.39+
0.02 mg ml! for inflorescence (Ebrahimzadeh et al. 2009;
Nabavi et al. 2009). Radical scavenging activity of E. mar-
itimum methanol extract was investigated, as well, reveal-
ing IC,; = 0.28 mg ml" in the ABTS assay (Meot-Duros et
al. 2008).

Table 7. Free radical scavenging activity of the extracts
of Eryngium campestre in DPPH assay and

inhibition of OH- radical production (%)

Sample DPPH assay OH .\
(IC,,, mg/ml) (% of inhibition)
Eryngii radix 0.72 45.00
Eryngii herba 1.14 50.11
Quercetin 0.06 42.05
BHA 0.15 52.09

Hydroxyl radical scavenging activity

The effect of Eryngium extracts on the inhibition of
hydroxyl radical production (IOH) was assessed by the
iron (II)-dependent deoxyribose damage assay. It is well
known that the Fenton reaction generates hydroxyl radicals
(OH"), which degrade deoxyribose, using Fe?” salts as an
important catalytic component (Haliwell and Gutteridge,
1981). Oxygen radicals may attack sugar, which leads to
sugar fragmentation. Addition of transition metal ions such
as iron at low concentrations to deoxyribose, causes deg-
radation of sugar into malondialdehyde and other related
compounds which form a chromogen with thiobarbituric
acid (TBA). Table 7 presents the results of the effects of
examined Eryngium extracts as well as that of reference
substances on OH" radical production. They show that both
extracts of Eryngium campestre and reference substances

inhibited the production of OH- radicals. The strongest in-
hibitory activity was exhibited by BHA (52%). Both ex-
tracts of Eryngium campestre exhibited significant inhib-
itory effect, 45% and 50%, respectively, higher than the
percentage of inhibition obtained by quercetin (42%). Pre-
viously, it has been shown that quercetin and its glycosides
exert inhibitory activity against lipid peroxidation (Cook
and Samman, 1996, Dangles, 2000).

Antioxidant activity

The antioxidant activity of Eryngium campestre ex-
tracts was weak in B-carotene/linoleic acid system. From
the results mentioned above, it was shown that Eryngium
campestre extracts exhibited strong free radical scaveng-
ing activity against DPPH and OH- radicals, comparable to
the activity of quercetin and BHA. In the B-carotene/lino-
leic acid system Eryngii extracts have shown modest an-
tioxidant effects, which was comparable with the activi-
ty of quercetin for the period of the first 60 minutes (Ta-
ble 8). According to the literature data, antioxidant activ-
ity of Eryngium species is an interesting topic for the sci-
nence. It was found that antioxidant index of leaf extract of
E. foetidum determined by measuring the coupled oxida-
tion of carotene and linoleic acid had a value of 5.65+0.46.
The antioxidant index is the ratio of bleaching rate of con-
trol (system with no added test compounds) to the bleach-
ing rate when a test compounds was added into the system
(Chanwitheesuk et al. 2005). It was reported that vitamins
C and E, carotenes, xanthophylls, tannins and total pheno-
lics may be responsible for the activity, as they were pres-
ent in leaves of E. foetidum (11.4; 0.0069; 1.92; 1.60; 17.7
and 98.4 (mg%), respectively). Accounting that the bleach-
ing rate of B-carotene was determined by the differences in
the spectral absorbance reading between the initial and last
reading of bleaching that remained essentially linear, di-
vided by time, antioxidant index was estimated for the in-
vestigated samples of Eyngium campestre. It was obtained
that antioxidant index of Eryngii herba had a value of 0.54
while for Eryngii radix it was 0.69. Both values were sig-
nificantly under the antioxidant activity of E. foetidisima.

Table 8. Effect of ethanol extracts of Eryngium campestre in comparison to BHA and quercetin on the oxidation of B-carotene-

bleaching assay

A,., (% of initial value)

Sample Time (min)
0 15 30 45 60 75 90 105 120
Eryngii radix 100 80 60 52 42 40 38 37 36
Eryngii herba 100 81 63 54 46 43 41 40 39
Quercetin 100 89 82 62 46 34 26 20 16
BHA 100 81 70 63 57 51 48 45 42
Control 100 61 57 47 40 38 36 32 30
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Inhibition of lipid peroxidation (LP)

Antioxidant activity of ethanol extracts of the aerial
part and root of E. campestre was examined over the inhi-
bition of spontaneous lipid peroxidation in rat liver homo-
genate as well, measuring the content of formed MDA by
TBA assay (TBARS). The results given in Table 9 showed
that the content of formed MDA was lower when the ex-
tract of root or aerial part were added into the system (3.67
+ 0.04 and 4.05+0.07 nmol ml"!, respectively), but still the
levels of MDA were significantly higher than those ob-
tained when quercetin was used as an antioxidant (3.12 *
0.04 nmol ml!).

Table 9. The content of MDA (nmol mg') and the
inhibition of lipid peroxidation (%) in rat liver
homogenate by ethanol extracts of aerial part and
root of E. campestre

TBARS — homogenate  Inhibition
Sample (nmol MDA of LP
mg protein) (%)
é?ﬁ;;ogl) 4.60 +0.02 0.0
Eryngii radix 3.67+£0.04 20.0
Eryngii herba 4.05 +£0.07 12.2
Quercetin 3.12£0.04 36.9

The range of inhibition of lipid peroxidation in the rat
liver homogenate was 20% and 12% for the extract of root
and aerial part of E. campestre, respectively. Obtained val-
ues were lower than that of quercetin (36.9%). Compared
to the recently published data on the activity of some other
wild plants such as Calamintha nepeta, Calamintha gradi-
flora and Micromeria cristata, higher inhibition activity
of ethanol extracts on lipid peroxidation in the same bio-
logical system was exhibited (20.35%, 25.6% and 29.6%
of inhibition, respectively) (Kadifkova Panovska 2004).
Besides evident free radical scavenging activity against
DPPH and hydroxyl (OH") radical, antioxidant activity of
Eryngium campestre in both non-biological (B-carotene/li-
noleic acid) and biological (rat liver homogenate) system
manifested a low capacity.

Conclusion

Analysis of the chemical composition of the aerial part
and root of Eryngium campestre from Kosovo showed that
the content of total ash, ash insoluble in hydrochloric acid,
loss on drying and the content of water extract were rela-
tively constant regardles the differences in the characteris-
tics of the locations and year of collection. Samples of Er-
yngii herba gave lower percentage of water extract (18.3-
24.5%) in comparison to the samples of Eryngii radix
(29.6-36.6%). The analysis of mineral content (Zn, Fe, Cu,

Mn, Ni, K, Co, Pb, Cd and Cr) showed that different part
of E. campestre accumulate different amount of investigat-
ed minerals. Evaluation of radical scavenging and antioxi-
dant activity showed that higher radical-scavenging activi-
ty against DPPH- radical has been presented by the ethanol
extract of root of E. campestre (IC,; = 0.72 mg ml") com-
pared to the aerial part of the plant (IC,; = 1.14 mg ml").
Furthermore, the inhibition capacity on the production of
hydroxyl radical in deoxyribose system was found to be
strong (50% and 45% for aerial part and root ethanol ex-
tract, respectively). However, both ethanol extracts of E.
campestre from aerial part and root, exhibited low antiox-
idant activity in B-carotene/linoleic acid system as well as
low capacity for inhibition of spontaneous lipid peroxida-
tion in rat liver homogenate.
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Pe3zume

XeMHCKa KapaKTepHu3alyja i AHTHOKCUIATUBHA AKTUBHOCT HA
Eryngium campestre L., Apiaceae ox KocoBo

®nypum Hebuja', Nome Credros, Mapuja Kapanauyosa?, Tpajue Cradumnos?,
Tarjana Kagudxoa [TanoBcka?, Ceetniana Kynesanosa®'

'Meouyuncku ¢paxynmem — Omcex 3a (papmayuja, Ynusepzumem 6o Hpuwmuna, [lpuwmuna, Kocoso,
*@apmayeemcexu paxynmem, VKUM, Cronje, Penybiuxa Makeoonuja,
$ Unemumym 3a xemuja, [IM® YKHUM, Cronje, Penybonuxa Maxedonuja

Kuayunu 300poBu: Eryngium campestre, pnaBoHoumu, mutepain, DPPH Tect, aHTHOKCHIATHBHA aKTHBHOCT, B-KapoTeH-U30eTyBavKH
TecT, TBA Tecr.

OsBaa ctyauja ce oqHecyBa Ha Ae(pHHUpaEkE Ha XEMHUCKH COCTaB M yTBPAYBambe HAa aHTHOKCHIATHBHA aKTHBHOCT i1 Vitro Ha eKCTpa-
KTH TIOJTOTBEHN Of HA/I3EMHHUOT JIeNl ¥ Off KOPEHOT Ha Eryngium campestre L. (Apiaceae) ox KocoBo. AHann3ara Ha XeMHCKHOT COCTaB
BKJIydyBa OIIpe/ielTyBarbe Ha BKYIICH IeTIell, MeTie)l HEpacTBOPIIUB BO XJIOPOBOIOPOIHA KHCEIMHA, TYOHTOK CO CyIIeHe U COIpXKUHA Ha BO-
JICH SKCTPAKT, KaKo M OIIpe/iellyBare Ha COIPXKUHA Ha BKYITHU (DIIABOHOHMIH BO HAJ3EMHHUOT JIe] M XEMOJIMTHIHA aKTUBHOCT Ha KOPEHOT.
CocraBot Ha muHepanute (Zn, Fe, Cu, Mn, Ni, K, Co, Pb, Cd u Cr) Bo HaI3EMHHOT Jie71 ¥ BO KOPEHOT CE OIPEICICHU CO KOPUCTEHHC Ha
aroMcka arcopruoHa criekrpockonuja (AAS u ETAAS). YTBpaeHo e exa pa3IudaHUTe AENOBU Of E. campestre akyMymupaar pas3iid-
HU KOJIMYECTBA Off UCITUTYBaHUTE MUHEpaIN. AHTHOKCHIaTUBHATA aKTHBHOCT € NCTIUTyBaHa co detupu meroau: DPPH rtect, naxubummja
Ha NMPOIYKIHMja HA XUJIPOKCHI paJuKall, B-KapoTeH-u30eTyBauky TeCT U MHXHONIHMja Ha aunuaHa nepokcunanuja (TBA tect). Bo DPPH
CHCTEMOT €TaHOJIHUTE EKCTPAKTH OJ1 KOPEHOT MOKaKyBaaT mojiodpa pajmkai-(akadka akrusHoct (IC, = 0.72 mg ml™) Bo criopenda co
COOJIBETHUTE eKCcTpakTh o Hajzemuuor jen (IC, = 1.14 mg ml™). Ox apyra cTpana, €TaHONHUOT EKCTPAKT O HAJI3EMHHOT JIEN HOKaXKY-
Ba ITOTOJIEM MHXMOWPAUKH Kalal[UTeT Bp3 MPOAYKIMjaTa Ha XUAPOKCUII PAJANKaJIOT BO CUCTEMOT Of JIe30KcHpr0o03a Bo criopenba co exc-
TpakToT oxf KopeHoT (50% u 45%, cooxBeTHO). J[BaTa eTaHOIHY eKCTpakTa of E. campestre IOKa)KyBaaT HUCKA aHTHOKCHJaTHBHA aKTHB-
HOCT BO [-KapOTeH-M30eTyBauKy TECT, Kako U HU30K KallalluTeT 3a HHXHONpamke Ha CIOHTAHA JINIHMIHA ITEPOKCHUIAI]a BO XOMOTEHAT Off
LIPH APOO O] CTAOPEIL.
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