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Three Inula species, I. viscosa, I. helenium SsSp. turcoracemosa and 1. montbretiana, collected from different locations of Anatolia were investigated for their
antioxidant and antimicrobial potential, and their total phenolic content and phenolic composition. Antioxidant activities of various extracts of the plant parts
were measured using DPPH radical scavenging and ABTS assays. Antimicrobial potential of methanol extracts of the plant parts was determined by the agar
dilution method against Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Candida albicans and Candida tropicalis.
All the extracts were more active against Gram-positive bacteria and yeasts than Gram-negative bacteria. The extracts exhibited antioxidant and antimicrobial
activities in different concentrations. Total phenolic concentration of the extracts was estimated with Folin-Ciocalteu reagent using gallic acid as standard. The
total phenolic content varied widely in different parts of the three tested /nula species, ranging from 21.1 + 0.8 to 190.9 + 6.1 mg GAE/g extract. Phenolic
components, such as chlorogenic acid, caffeic acid, rutin, myricetin, quercetin, luteolin and kaempferol were quantified by HPLC-DAD in the methanol

extracts of the /nula species. It was obvious that the antioxidant and antimicrobial properties of the plants were due to the phenolics.

Keywords: /nula sp., DPPH, ABTS, Phenolic compounds, RP-HPLC.

The genus Inula, consisting of almost 100 species throughout the
world, is distributed predominantly in the Mediterranean region.
Several species are attributed to have anti-inflammatory,
antitussive,  bactericidal, antiproliferative, antidiabetic and
hepatoprotective activities and the known chemical constituents of
the genus are mono-, sesqui- and diterpenes, flavonoids and
glycolipids [1a-1h]. I viscosa (L.) Aiton is a well-known perennial
medicinal herb that grows wild in Turkey, Spain, Italy, Portugal,
Bulgaria and the Middle East. In the Mediterranean area, Iviscosa
has been used for years in folk medicine for its anti-inflammatory,
antipyretic, antiseptic, antiphlogistic activities and for the treatment
of diabetes [2a-2d]. I helenium L. is a widely occurring perennial
herb in Europe and East Asia. It is an important medicinal plant and
preparations of its roots are used in folk medicines against asthma,
bronchitis, lung disorders, tuberculosis, indigestion, chronic
enterogastritis, and infectious and helminth diseases [3a-3c]. L
montbretiana DC. is a rhizomatous, perennial herb widespread in
Anatolia and known to possess antiprotozoal activity [4]. A
restricted number of studies have been performed on Inula species
collected from Turkey, especially 1. montbretiana. \We report here,
for the first time, the antioxidant activity of this species, with the
main focus on phenolic compound profile.

In the current work, the antioxidant and antimicrobial potential of
I viscosa, I. montbretiana and I. helenium SSp. turcoracemosa Were
evaluated, along with their total phenolic content; some of the
phenolic compounds of these species were also determined.

Phenolic compounds contribute to the overall antioxidant potential
of plants, so that the methanol extracts of the aerial parts and roots
of the Inula species were analyzed for their total phenolic content
by the Folin Ciocalteu method. Values varied widely in different
parts of the three tested /nula species, ranging from 21.1 + 0.8
t0 190.9 + 6.1 mg GAE/g extract (Table 1). The highest amount of

Table 1: Yields and total phenol contents of methanol extracts of Inula species.

Parts of the plants yields, % Phenolic contents (mg GAE/g extract)”
1. viscosa herb 15 176.9+7.8
1. viscosa root 21 177.1+36
I. montbretiana herb 10 119.4+7.4
I. montbretiana root 175 190.9+6.1
I helenium herb 16.5 189.6 +3.9
1. helenium root 20.5 211+ 08

®mean + SD (n=3)

total phenolics was found in I helenium herb and I. montbretiana
root, followed by 1. viscosa herb and root. A close relationship was
observed between antioxidant activity of the methanol extracts and
the total phenolic contents. In parallel, the lowest total phenolic
content was determined for 1. helenium root, for which the highest
I1Cs; value was obtained.

DPPH radical scavenging and ABTS assays were used to evaluate
the antioxidant potential of the Inula species. Regarding the 1Cs
values obtained by both methods, all the extracts showed
antioxidant activity in various concentrations (Table 2). Nearly all
the ethyl acetate extracts had low antioxidant activity, with high
ICsq values, in comparison with the water and methanol extracts.
The methanol extract of I helenium flowers showed significant
antioxidant activity with both methods. According to the 1Cs values
gained from the DPPH radical scavenging activity method, the
water extract of I. viscosa flowers (ICsq: 0.28 + 0.03 mg/mL), and
the methanol extract of I helenium flowers (ICsy: 0.14 + 0.06
mg/mL) exhibited the highest antioxidant activities. With regard to
the 1Cs, values obtained from the ABTS assay, water extracts of 1.
helenium flowers (ICsq: 0.05 + 0.02 mg/mL) and 7. viscosa flowers
(ICsp: 0.17 + 0.03 mg/mL), and the methanol extract of . helenium
flowers (ICso: 0.15 £ 0.04 mg/mL) showed the highest antioxidant
capacities. All the extracts had higher ICsy values than Trolox
(ICsp: 0.04 mg/mL for DPPH assay; 0.04 mg/mL for ABTS assay).
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Table 2: ICs, values of water, methanol and ethyl acetate extracts of Jnula species according to DPPH and ABTS assays.

Water extract

Methanol extract

Ethyl acetate extract

DPPH ICs, (mg/mL)" ABTS ICsy (mg/mL) DPPH ICs, (mg/mL) ABTS ICsy (mg/mL) DPPH ICsy(mg/mL)  ABTS IC5, (mg/mL)
1. viscosa flower 0.28 £ 0.03 0.17 £ 0.03 0.36 +0.04 0.47 +0.07 0.99 +0.09 0.55+0.02
1. viscosa leaf 0.47 £ 0.03 0.21+£0.07 0.42 +0.02 0.50 +0.09 1.05+0.11 0.65 +0.09
1. viscosa root 1.07 £0.09 0.23 +£0.03 0.40 + 0.08 0.50+0.01 2.90+0.13 1.17+0.09
1. montbretiana flower 2.34+0.12 0.44 +0.06 0.40 +£0.01 0.80 +0.05 1.97 £ 0.09 0.84 +0.06
1. montbretiana leaf 1.07 £ 0.06 0.42+0.01 0.50 +0.02 0.95+0.11 1.44 +0.06 1.49+0.15
1. montbretiana root 2.24+0.04 0.25+0.08 0.23+0.03 0.62 +0.08 432+0.18 1.18 £ 0.09
I helenium ssp. flower 1.14+0.11 0.05+0.02 0.14 £ 0.06 0.15+0.04 221+0.16 2.10+£0.19
I. helenium ssp. leaf 0.49 £ 0.05 0.19 £ 0.009 0.23+£0.03 0.39 +0.06 10.81+£0.95 4.95+0.21
1. helenium ssp. root 18.42+1.07 2.88+0.07 2.98 +£0.08 1.52+0.08 144.5+2.11 2.03+0.09

* mean + SD (n=3)

Antimicrobial potential of methanol extracts of the plant parts was
determined by the agar dilution method against Staphylococcus
aureus, Enterococcus faecalis, Escherichia coli, Pseudomonas
aeruginosa, Candida albicans and Candida tropicalis. All plant
extracts exhibited antibacterial and anticandidal activities, with MIC
values ranging from 50 to 800 pg/mL (Table 3). In general, all the
extracts were more active against the Gram-positive bacteria and
yeasts than the Gram-negative bacteria. /. viscosa root extract had
the highest inhibitory activity against all the microorganisms, with
MIC values varying from 50 to 100 pg/mL. The yeast strain, C.
tropicalis, was considerably more sensitive to all the tested extracts.
The Gram-positive bacterium E. faecalis was very sensitive to 1.
viscosa root and I. montbretiana flower extracts, with MIC values
of 50 pg/mL. The Gram-negative bacterium, E. coli, was sensitive
to I. viscosa root (MIC: 100 pg/mL), I. montbretiana flower (MIC:
200 pg/mL) and 1. helenium root (MIC: 200 pg/mL) extracts.

Table 3: Minimal inhibitory comcentrations (MIC in pg/mL) of methanolic extracts of
Inula species

Ec Pa Sa Ef Ca Ct
1 viscosa flower 800 400 200 200 200 200
1 viscosa leaf 400 400 200 200 200 200
1. viscosa root 100 200 50 50 100 50
I montbretiana flower 200 200 100 50 100 50
I. montbretiana leaf 400 400 100 200 200 100
L. montbretiana root 400 400 100 100 200 100
1. helenium ssp. flower 800 800 200 400 400 200
1. helenium ssp. leaf 400 400 100 200 200 100
1. helenium ssp. root 200 400 100 100 100 50
Ampicillin 3.12 - 3.12 1.56 - -
Ciprofloxacine 1.56 3.12 0.39 0.78 - -
Fluconazole - - - - 3.12 3.12

Ec: E. coli, Pa: P. aeruginosa, Sa: S. aureus, Ef: E. faecalis, Ca: C. albicans, Ct: C.
tropicalis.

In a previous study, it was indicated that one of the most active of
the twenty plant extracts tested against C. albicans was 1. viscosa.
Also, 1. viscosa water and ethanol extracts were found to be active
against E. coli and P. aeruginosa [5a). In parallel, our results
revealed that I viscosa methanol extracts were significantly active
against both C. albicans and C. tropicalis, and against all the tested
bacteria, especially the root extract. In another study, the methanol
extract of the aerial parts of /. viscosa from Tunisia showed lower
antibacterial activity against S. aureus (MIC: 625 pg/mL) compared
with our results (MIC: 200 pg/mL). Also, it was found to be
inactive against E. coli, P. aeruginosa and E. faecalis, contrary to
our results [5b]. Oskay and Sar1 investigated some medicinal plants
from Turkey and indicated that I viscosa leaves demonstrated
significant anticandidal activity [Sc]. Our results confirm this, and
also show the root extract of I viscosa to be more active against
Candida species than the leaf and flower extracts.

To determine the active principles responsible for the significant
antioxidant and antimicrobial potential of the species, the amounts

of seven phenolic compounds in the methanol extracts of different
parts of Inula species were determined by RP-HPLC. Retention
times, the equations obtained from calibration curves, test range,
LOD and LOQ values are given in Table 4 and quantification
results in Table 5. The results revealed that all the investigated plant
parts contain chlorogenic and caffeic acids in various amounts.
Especially, I viscosa root extract was found to be rich in
chlorogenic acid, while . helenium flower extract contained caffeic
acid in higher amount than the other extracts. I montbretiana
flower extract had a high content of luteolin when compared with
the other /nula extracts. Due to the restricted number of studies on /.
montbretiana, this finding was thought to be important, especially
for presenting a distinction between the Inula species. While
myricetin was only determined in 1. helenium flower extract in
small amount, all the investigated flavonoids were absent from all
the root extracts. The higher antioxidant potential of the methanol
extracts of 1. helenium flowers could be explained with regard to the
presence of significant amounts of caffeic acid and rutin. In parallel,
the presence of most of the investigated phenolics could be
responsible for the high antioxidant activities of the extracts of
different parts of 1. viscosa, especially the significant amount of
chlorogenic acid. In a previous study, I helenium root was
investigated for its phenolic composition and  while
hydroxycinnamic acids were determined in significant amounts,
flavonoids were not detected. The caffeic acid content was
especially high compared with our results, which could be due to
the different extraction procedure used [6].

In conclusion, in this study, the total phenolic content and
qualitative and quantitative analysis of phenolic compounds, as well
as the antioxidant and antimicrobial activities of various extracts
from different parts of three /nula species have been investigated. In
general, all the plant extracts exhibited antioxidant, antibacterial and
anticandidal activities in different concentrations. The screening of
the phenolic compounds of the methanol extracts showed that the
investigated parts of the /nula species were rich in antioxidant and
antimicrobial compounds, and, therefore, the tested medicinal plants
are antibacterial and anticandidal agents and could be used in the
treatment of various ailments caused by bacteria and yeasts. To the
best of our knowledge, while both the antioxidant activity and the
phenolic compound profile of /. montbretiana have not been studied
before, only a restricted number of activity and analytical studies
have been carried out on the other two investigated Inula species.
Our results of antimicrobial and antioxidant assays also justified
and partially supported the previous literature data and the popular
usage of the tested plants.

Experimental

Chemicals and reagents: DPPH (D9132) and ABTS Antioxidant
Assay Kits (CS0790) were purchased from Sigma (Germany).
Chromatographic grade double-distilled water, HPLC grade
methanol, acetonitrile and analytical grade trifluoroacetic acid were



Studies on three Inula species

Table 4: Linear relationships between peak areas and concentrations.
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Analyte Retentiom time (min) Standard curve’ r Test range (ng/mL) LOD" (ng/mL) LOQ° (ng/mL)
Chlorogenic acid 6.5 1=20692x-64.979 0.9996 0.25-515 0.075 0.250

Caffeic acid 8.1 y=50521x-10.69 0.9989 0.22-103 0.067 0.220

Rutin 10.3 y=13776x-12.522 0.9999 0.20-500 0.060 0.200

Myricetin 133 y=52997x-24.262 0.9999 0.41-100 0.120 0.410

Quercetin 16.5 y=33078x-21.421 0.9997 0.28-400 0.085 0.280

Luteolin 16.9 y=40356x-13.308 0.9999 0.18-100 0.053 0.180

Kaempferol 19.5 »=28901x-3.4329 0.9998 0.27-100 0.081 0.270

*y=peak area; x:=concentration of analyte (mg/mL); ®LOD= limit of detection S/N:3 (#=9); ° LOQ= limit of quantification S/N:10 (n=9)
Table 5: The contents of phenolic compounds in methanol extracts of different parts of /nula species.
Species Content (W/w,%)"
Chlorogenic acid Caffeic acid Rutin Myricetin Quercetin Luteolin K ferol

1 viscosa flower 0.61+0.03 0.010+0.001 0.074+0.005 nd 0.039+0.0002 0.044+0.003 0.030+0.003
1. viscosa leaf 0.17+0.02 0.015+0.0003 0.110+0.0004 nd 0.021+0.0003 0.05440.002 nd
1. viscosa root 0.82+0.05 0.013+0.0002 nd® nd nd nd nd
1. montbretiana flower 0.34+0.03 0.020+0.003 0.027+0.001 nd 0.007+0.0001 0.166+0.002 nd
1. montbretiana leaf 0.18+0.002 0.012+0.0001 nd nd nd 0.029+0.0001 nd
1. montbretiana root 0.32+0.002 0.009+0.0004 nd nd nd nd nd
L helenium flower 0.45+0.03 0.046+0.0006 0.240+0.003 0.0038+0.0004 0.054+0.001 0.010+0.0001 0.003+0.0001
1 helenium leaf 0.54+0.04 0.016+0.0001 0.095+0.015 nd nd nd nd
1 helenium root 0.14+0.008 0.003+0.0001 nd nd nd nd nd

“mean = SD (n=3); ° nd=not detected.

used for HPLC analysis. Folin Ciocalteu reagent and the following
phenolic compounds were purchased from Sigma (Germany): gallic
acid (G7384), chlorogenic acid (C3878), caffeic acid (C0625), rutin
(R5143), myricetin (M6760), quercetin (Q4951), luteolin (L9283),
and kaempferol (K0133). All other chemicals were analytical grade
and obtained from either Sigma or Merck.

Plant materials: Inula species were collected in their flowering
stages from Anatolia. I. montbretiana DC. and I. helenium (L.) ssp.
turcoracemosa were collected near Ankara, and I viscosa (L.)
Aiton from Isparta. Voucher specimens have been deposited in the
Herbarium of Ankara University Faculty of Pharmacy under the
herbarium codes of AEF 25191, AEF 25193 and AEF 25534,
respectively.

Extraction: Five g of dried and milled flowers, leaves and root of
plant samples were extracted with water, methanol and ethyl acetate
(100 mL each) by magnetic stirrer for 1 h (50°C, 250 rpm). After
filtration, the organic phases were evaporated completely in a rotary
evaporator (Buchi-R200), and the water extracts were freeze-dried.
The crude extracts were used for antioxidant activity tests. For
antimicrobial activity measurements, methanol extracts of the
different plant parts were used, obtained using the same procedure.
For HPLC analysis, 200 mg of dried and milled flowers, leaves and
roots were extracted with methanol, using a magnetic stirrer, for 6 h
(50°C, 250 rpm). The extract was then filtered, made up to 10.0 mL
in a volumetric flask with methanol, passed through a 0.45 um
filter, and injected into the HPLC system.

Determination of total phenolic content: The total phenolic content
of the extracts was determined spectrophotometrically using a
modified Folin Ciocalteu method [7a]. The reduction of the reagent,
which resulted in the formation of a blue colour, was recorded at
765 nm. One hundred pL of the methanol extract of each plant part
(2 mg/mL) was mixed with 7.9 mL of distilled water. Folin
Ciocalteu reagent (500 pL) was added and the contents of the flask
shaken vigorously. After 8 min, 1.5 mL of 20% Na,CO; was added.
After 2 h incubation at room temperature, the absorbance was
measured at 765 nm with a Shimadzu spectrometer. Gallic acid was
used as standard. All measurements were performed in triplicate,
and the average values were used to express the mg of gallic acid
equivalents (GAE)/g dry extract.

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity:
The capacity to scavenge the stable free radical DPPH was
monitored according to the modified method of Barros et al. [7b].
Various concentrations of extracts (0.25 mL) were mixed with 2.75
mL of methanolic solution containing DPPH radical. The mixture
was shaken vigorously and left to stand for 10 min in the dark (until
stable absorption values were obtained). The reduction of the DPPH
radical was determined by measuring the absorption at 517 nm. The
radical scavenging activity (Inh%) was calculated as a percentage of
DPPH discoloration using the equation: Inh% = [(Apppu-As) /
Apppy] % 100, where Ag is the absorbance of the solution when the
sample extract was added at a particular level, and Apppy is the
absorbance of the DPPH solution. The extract concentration
providing 50% inhibition (ICsy) was calculated from the graph of
inhibition percentage against extract concentration. Trolox (Sigma,
Germany) was used as standard.

ABTS  [2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)]
assay: The ABTS method was performed using a modified method
of Miller and Rice-Evans [7c] with an antioxidant assay kit supplied
from Sigma. Myoglobin working solution (20 pL) and ABTS
working solution (150 pL), prepared by mixing 3% hydrogen
peroxide solution (25 pL) and ABTS solution (10 mL), were added
to various concentrations of extracts (10 puL). After an incubation
period of 5 min, stop solution (100 pL) was added to the media and
endpoint absorbance values were recorded at 405 nm. The
antioxidant activity (Inh%) was calculated as a percentage value by
using the equation: Inh% = [(Ag-Ag)/ Ag] x 100, where Ag is the
absorbance gained at the end of the process with sample extract, and
Ay is the absorbance of the control. The extract concentration
providing 50% inhibition (ICsy) was calculated from the graph of
inhibition percentage against extract concentration. Trolox was used
as the standard.

Antimicrobial activity: Antimicrobial activities of the extracts were
determined by using the agar dilution procedure outlined by the
Clinical and Laboratory Standards Institute (CLSI) [8a, 8b].
Minimal inhibitory concentrations for each extract were
investigated against standard bacterial strains: Staphylococcus
aureus ATCC 29213, Enterococcus faecalis ATCC 29212,
Escherichia coli ATCC 25922, and Pseudomonas aeruginosa
ATCC 27853, all obtained from the American Type Culture
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Collection (Rockville, Md.), and the yeasts Candida albicans and C.
tropicalis, obtained from the Department of Microbiology, Faculty
of Medicine, Ege University (Turkey). The stock solution of the
extracts was prepared in dimethyl sulfoxide (DMSO), which had no
effect on the microorganisms in the concentrations studied. All of
the dilutions were made with distilled water. The concentrations of
the tested extracts were 800, 400, 200, 100, 50, 25, 12.5 and 6.25
pg/mL. Ampicillin, Ciprofloxacine and Fluconazole from FAKO
(Istanbul, Turkey) were used as reference compounds. A loopful
(0.01 mL) of the standardized inoculum of the bacteria and yeasts
(10° CFUs/mL) was spread over the surface of the agar plates. All
the inoculated plates were incubated at 35°C and results were
evaluated after 16-20 h of incubation for bacteria and 48 h for
yeasts.

Analysis of phenolic compounds by RP-HPLC: The qualitative and
quantitative analyses of the phenolic compounds in the extracts
were performed according to the following procedure. The analysis
was performed with a LC system consisting of a HP Agilent 1100
series quaternary pump, degasser and photodiode array detector.
The samples were injected into a HP Agilent 1100 Autosampler
with a thermostatted column compartment on a Phenomenex-Luna
Cig column (5 p, 250 mm X 4.6 mm) at 30°C. The system was
controlled and data analysis was performed with Agilent

Gokbulut et al.

quantitative analysis were performed with external standardization
by measurement of the peak areas. Gradient elution was applied
with a flow rate of 1 mL/min and column temperature was set to
30°C. The mobile phase was a mixture of trifluoroacetic acid 0.1%
in water (solution A), trifluoroacetic acid 0.1% in methanol
(solution B), and trifluoroacetic acid 0.1% in acetonitrile (solution
C). The composition of the gradient was (A:B:C), 80:10:10 at 0
min, 60:25:15 at 5 min, 50:30:20 at 10 min, 40:40:20 at 15 min and
0:75:25 at 20 min. The duration between runs was 5 min. All
solvents were filtered through a 0.45 um Millipore filter before use
and degassed in an ultrasonic bath. From each solution and sample
10 puL was injected into the column and the chromatograms were
recorded from 200 to 400 nm. Standard solutions were analyzed and
three-dimensional chromatograms (wavelength; time; absorbance)
were obtained to select the optimum wavelength for detection of the
phenolics with maximum sensitivity. Quantification was performed
by measuring at 330 nm for caffeic and chlorogenic acids, 340 nm
for luteolin, and 360 nm for rutin, myricetin, quercetin and
kaempferol using a photo-diode array detector. The
chromatographic run time was 20 min and the column void volume
1.60 min.
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