
Abstract. – Background and Objectivies:
Nepeta species are used as diuretic, diaphoretic, an-
titussive, antispasmodic, antiasthmatic, febrifuge,
emmenagogue, sedative agents, insecticidal, acari-
cidal, antiviral, anti-inflammatory and antioxidant.
Acetone extract of Nepeta meyeri (Labiatae) was
screened for antioxidant and antimicrobial activities.

Materials and Methods: The antioxidant prop-
erties of the extract were investigated by using var-
ious methods established in vitro systems such as
1,1-diphenyl-2-picrylhydrazyl (DPPH)/nitric oxide
(NO) radical scavenging activity. Reducing power
and total phenolic substance analysis and also
antimicrobial activity of acetone extract of Nepeta
meyeri were tested against six gram negative, sev-
en gram positive bacteria and the yeast strain us-
ing the disc diffusion method.

Results and Discussion: Acetone extract of the
plant examined exhibited a significant concentra-
tion-dependent inhibition of DPPH and NO• radi-
cal. Furthermore, Nepeta meyeri showed very high
reducing power. In DPPH radical and NO• scaveng-
ing assays the IC50 value of extract was 672.2
µg/ml and 165.32 µg/ml, respectively. The amounts
of total phenolic compounds were also deter-
mined and 12.86 µg pyrocatechol equivalents of
phenols were detected in the extract. The data ob-
tained from these in vitro models clearly demon-
strated antioxidant potential of acetone extract of
Nepeta meyeri. The extract revealed antibacterial
activity against all gram positive bacteria but not
was active against gram negative bacteria.
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Introduction

Lamiaceae (Labiatae), a well known family, is
represented by approximately 250 genera and
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3000 species within the flowering plants. Multi-
regional genus Nepeta L. belonging to the family
Labiatae contains approximately 250 species dis-
tributed mainly in South-West and Central Asia,
Europe, Africa and North America and is one of
the largest genera in the family1,2. The 40 Nepeta
taxa growing in Turkey can be divided into 2
groups; Mediterranean (13 taxa) and Irano-Tu-
ranian (21 taxa). The Irano-Turanian taxa are
found in the Central, South-east and East Anato-
lia, whereas, the Mediterranean taxa grow mainly
in the Mediterranean, Marmara and Aegean re-
gions. The other taxa are widely distributed
throughout Turkey1. Nepeta species are used as
diuretic, diaphoretic, antitussive, antispasmodic,
antiasthmatic, febrifuge, emmenagogue and
sedative agents3. In addition, insecticidal, acarici-
dal, antiviral, anti-inflammatory and antioxidant
properties have been also reported4-6. Nepeta
species contain monoterpenes, sesquiterpenes,
cyclopentanoid iridoids derivatives and nepeta-
lactones2,3. Nepetalactones which had been a pe-
culiar physiological activity to cats has been
known as a constituent of plants belonging to the
genus Nepeta7. In previous studies, antibacterial,
antifungal properties of several Nepeta species
were reported. Stojanovic et al8 found that essen-
tial oil of Nepeta rtanjensis was active against
bacteria but not against a fungus species exam-
ined. Sonboli et al9 found that essential oil of
Nepeta crispa Willd. was mostly active against
gram positive two bacteria, namely, Bacillus sub-
tilis and Staphylococcus aureus. Also, the oil ex-
hibited a remarkable antifungal activity against
all the tested fungi. Saxena and Mathela10 isolat-
ed the compounds such as iridodial beta-
monoenol acetate, isolated from the essential oil
of Nepeta leucophylla Benth, and actinidine from
Nepeta clarkei Benth. These compounds were
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screened for antifungal activities against As-
pergillus flavus, Aspergillus ochraceus, Penicilli-
um citrinum, and Penicillium viridicatum, all
known mycotoxin-producing taxa, and Scle-
rotium rolfsii and Macrophomina phaseolina. Iri-
dodial beta-monoenol acetate was most effective
against Sclerotium rolfsii, while actinidine was
highly active against Macrophomina phaseolina.
Chemical constituents, nepetalactone, cineole
and camphor, which are the main constituents
found in the essential oil of Nepeta meyeri were
reported by Sefidkon and Shaabani11 and Es-
maeili et al12. Although reports on the chemical
composition as well as antimicrobial properties
of some species of Nepeta have been document-
ed. There has been no reports on antimicrobial
properties and antioxidant capacity of Nepeta
meyeri. Studies on free radicals showed that
foods that are rich in antioxidants could protect
from various diseases including cardiovascular
disorders, cancer as well as neurodegenerative
diseases like Parkinson’s and Alzheimer
disease13. Harmful effects of free radicals can be
scavenged by antioxidants that are capable of
scavenging these radicals. Recent studies indicat-
ed that foods that are rich in antioxidants are very
effective in the prevention of many diseases. 

The aim of the present work is to evaluate the
possible antioxidant and antimicrobial properties
from the acetone extracts from the aerial parts of
Nepeta meyeri.

Materials and Methods

Plant Material and the Preparation of
the Extract 

Aerial parts of Nepeta meyeri were collected
from Kars, Turkey. The plant was identified in
the herbarium of the Biology Department at
Kahramanmaras Sutcu Imam University
(Turkey), where a voucher specimen is deposited
as A. Ilçim 732 in the herbarium of Dr. A. Ilcim
KSUH. Powdered plant was Soxhlet-extracted
with acetone (8 to 10 h). The solvent was used
with further purification before extraction step.
The crude solvent-based extract initially subject-
ed to filtration. Afterwards, the solvent removed
in a rotary vacuum evaporator at 40°C (Büchi,
Rotavapor R-210, Labortechnik AG, Flavil,
Switzerland). Acetone extracts was resolved in
purified methanol, then, sterilized through mem-

brane filter (0.22 µm filter unit, Millex-GS Milli-
pore). The extract was then stored at refrigerated
conditions until further use.

In vitro Antioxidant Assays

Chemicals 
1,1-Diphenly-2-picrylhydrazyl (DPPH), buthy-

lated hydroxytoluene (BHT), Rutin were purchased
from Sigma (Sigma, Aldrich GmbH, Sternheim,
Germany). Pyrocatechole, Folin-Ciocalteu’s phenol
reagent, sodium carbonate, ethanol, chloroform and
the other chemicals and reagents were purchased
from Merck (Darmstat, Germany). All other chemi-
cals and reagents were of analytical grade.

Reducing Power
The reducing power of acetone extract was

measured using the method of Oyaizu14. Two
hundred and fifty µl of the extract or standard so-
lution were initially dissolved in methanol at dif-
ferent concentrations ranging from 0 to 600
µg/ml. Each concentration of the test compound
or standard solution was sequentially mixed with
2.25 ml of 0.2 mol/L phosphate buffer (pH 6.6),
2.5 ml of potassium ferricyanide solution (1%)
and incubated in a water bath (Memmert,
Schwabach, Germany) (20 min/50°C). After in-
cubation, a 2.5 ml of trichloroacetic acid (10%)
was transferred into the mixture and centrifuged
at 1000 × g for 10 min. The resulting supernatant
(2.5 ml) was mixed with an equal volume of dis-
tilled water and 0.5 ml of ferric chloride (0.1%).
The absorbance of the reaction mixture was read
at 700 nm at spectrophotometer (Shimadzu, Ky-
oto, Japan). BHT was used as positive control.

Determination of 
Total Phenolics Compounds

Total phenolic compounds were determined
with Folin-Ciocalteu’s reagent according to the
method of Slinkard and Singleton using pyrocat-
echol as a standard phenolic compound15.
Briefly, the basic extract solution was mixed with
distilled water and Folin-Ciocalteu’s reagent
(1:45:1). After 3 min, the reaction mixture was
treated with 3 ml of Na2CO3 (2%) and left to
stand for 2 h. The absorbance in test tubes was
measured at 760 nm in a spectrophotometer. The
concentration of total phenolic compounds of
sample was calculated according to the formula:
Absorbance = [0.00237 × µg pyrocatechol equiv-
alent] – 0.00947 (R2=0.996).

Y. Cigremis, Z. Ulukanli, A. Ilcim, M. Akgoz 

662



In vitro antioxidant and antimicrobial assays of acetone extracts from Nepeta meyeri Bentham

663

for Nepeta acetone extract was calculated from
the following calibration curve, determined by
linear regression: Inhibition=[0.28 × amount of
sample (µg)] + 3.71 (R2: 0.942).

Antimicrobial Assay
Bioassay of crude acetone extracts of Nepeta

meyeri was evaluated by the disc diffusion
method. Tested microorganisms were: Staphylo-
coccus aureus (ATCC 95045), Listeria monocy-
togenes (NCTC 96040), Bacillus subtilis (ATCC
6633), Bacillus cereus (soil isolate), Bacillus
polymyxa (soil isolate), Bacillus megaterium
(soil isolate), Bacillus thurungiensis (soil iso-
late), Shigella dysenteriae (NCTC 4837), Salmo-
nella typhi (NCTC 9394), Escherichia coli
O157:H7 (EDL 931), Yersinia enterocolitica O3,
Pseudomonas aeruginosa (clinic isolate), Enter-
obacter cloaca, and the yeast Candida albicans
(ATCC 10231). All bacterial species were inocu-
lated into 10 ml of Mueller Hinton Broth II
(LabM, IDG) and incubated for 24 at 37ºC. The
yeast was cultured into 10 ml of Sabouroud
Dextrose Broth (30 ºC/48 h). Microbial suspen-
sions prepared in sterile 0.85% saline corre-
sponding in an optical density of 0.5 McFarland
standards corresponding to 108 cfu/ml. A 100 µl
from each culture was added on to the Mueller
Hinton Agar II (Lab M™, IDG plc, UK) for bac-
teria and Sabouraud Dextrose Agar (Lab M,
IDG) for the yeast studied. Antibiotic suscepti-
bility blank discs (6 mm in diameter, Oxoid) im-
pregnated with 62.5-4000 µg of the test materi-
als placed onto appropriate agar media. Each
plate also received a control disc, prepared by
applying acetone each to disc and drying at
room temperature. The plates were inverted and
pre-incubated at 4°C for 2 h to allow uniform
diffusion into the agar medium. The incubation
temperature for bacteria, yeast was 37°C (24-48
h), 30°C (24-48 h), respectively. The antimicro-
bial activity was evaluated by measuring the in-
hibition zone diameter formed around the disc.
The antimicrobial assay was carried in duplicate
and the readings were expressed as average val-
ues of inhibition.

Statistical Analysis
All assays were conducted in duplicate and the

data were reported as the mean ± SD. Different
concentration of Nepeta acetone extract were an-
alyzed and then half-maximal inhibitory concen-
tration (IC50) values for all the experiments were
calculated by linear regression analysis. 

DPPH Radical Scavenging Activity
DPPH˙ free radical scavenging activity was

measured using the method of Mokbel and
Hashinaga16. A 100 µl of extract or standard solu-
tion was dissolved in methanol at different con-
centrations from 0 to 550 µg/ml. The solution
was sequentially mixed with 2 ml of 0.05 M ac-
etate buffer (pH 5.5) and 1.9 ml of methanol and
1 ml of 0.3 mM DPPH˙ in methanol. As soon as
the addition of DPPH˙, the tubes were mixed im-
mediately and left to stand at room temperature
in a dark. The decrease in absorbance at 517 nm
was measured (Shimadzu, Kyoto, Japan) after 30
min until the reaction reached a plateau. In this
assay, blank included a 2 ml of 0.05 M acetate
buffer (pH 5.5) + 1.9 ml methanol +100 µl ex-
tract or standard. Control group contained 2 ml
of 0.05 M acetate buffer (pH 5.5) + 1 ml DPPH˙
+ 2 ml methanol. The inhibitory percentage of
DPPH˙ was calculated according to the formula:

Scavenging Effect (%)=[(A0-(A-Ab))/A0] ×
100%, where: A0: A517 of DPPH without sample
(control); A: A517 of sample or standard and
DPPH; Ab: A517 of sample or standard without
DPPH17. Rutin was used as positive control. The
IC50 value is the concentration of sample required
to inhibit 50% of DPPH˙ radical. The inhibition
50% of DPPH˙ radical value for Nepeta acetone
extract was calculated from the following cali-
bration curve, determined by linear regression:
Inhibition=[0.075 × amount of sample (µg)]
–0.415 (R2: 0.970).

Assay of Nitric Oxide (NO˙)
Scavenging Activity

The assay of nitric oxide scavenging activity
was employed by the method of Kumaran and
Karanukaran18. A 3 ml of reaction mixture con-
taining 2 ml of sodium nitroprusside (10 mM)
and 0.5 ml of PBS (0.1 M, pH 7.4) was mixed
with different concentration of acetone extract of
Nepeta (10, 25, 50, 75, 100 and 150 µg) or stan-
dard solution dissolved in the methanol were in-
cubated at 25 °C for 150 min. After incubation,
0.5 ml of the reaction mixture was treated with
0.5 ml of Greiss reagent (1% sulfanilamide, 0.1%
N-(1-naphthyl) ethylenediamine dihydrochloride
in 5% H3PO4) and kept for 30 min at room tem-
perature. The absorbance of chromophore result-
ing from the reaction was read at 548 nm in a
spectrophotometer. Rutin was used as positive
control. The IC50 value is the concentration of
sample required to inhibit 50% of nitric oxide
radical. The inhibition 50% of NO˙ radical value
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Results 

Figure 1 shows reducing capacity of acetone
extract of Nepeta compared with BHT. The re-
ducing capacity of a compound shows the poten-
tial antioxidant activity of that compound. In this
research, the reducing power of Nepeta acetone
extract increased with increasing amount of sam-
ple (R2: 0.996). 

Nepeta acetone extract added into 0.3 mM
DPPH˙ containing medium at different amounts
was compared with Rutin standard for DPPH˙
free radical scavenging activity (Figure 2). Re-
sults analyzed by linear regression showed that
IC50 of Nepeta extract that scavenged 50% of the
DPPH˙ radical in the medium was found to be
672.2 µg/ml (R2=0.970).

NO˙ radical was produced by using 10 mM
sodium nitroprusside in phosphate buffered
saline (PBS) buffer at pH 7.4, and Nepeta ace-
tone extract which was added to the medium in
different amounts was compared with Rutin stan-
dard for NO˙ radical scavenging activity (Figure
3). NO˙ radical plays an important role in many
inflammatory processes. Following the linear re-
gression analysis of data, it was found that IC50

of Nepeta extract which scavenged 50% of the
NO˙ radical in the medium was 165.32 µg/ml
(R2=0.942).

In the Nepeta acetone extract (1 mg) 12.86 µg
pyrocatechol equivalents of phenols were detect-
ed. This result indicates a strong correlation be-
tween phenolic compounds and antioxidant ca-
pacity (R2=0.996). 

The results of the antimicrobial screening of
the extract against microorganisms presented in
Table I. Our results indicate that the extracts
from Nepeta meyeri inhibit the growth of some
of the tested microorganisms to various degrees.
The acetone extract was found to be effective
antimicrobial agent against gram positive bacte-
ria. It was found that the acetone extract of the
aerial parts of Nepeta meyeri were devoid of an-
tibacterial and antiyeast activity against gram
negative bacteria and the yeast examined. It
showed activity against Staphylococcus aureus,
Listeria monocytogenes, Bacillus subtilis, Bacil-
lus cereus, Bacillus polymyxa, Bacillus megateri-
um, and Bacillus thurungiensis. The maximum
activity was found against Staphylococcus aureus
and Listeria monocytogenes. No activity shown
by the acetone extract against the Gram negative
bacteria and the yeast.

Discussion

Many plants in Labiatae family are known to
have antioxidant capacity. In a study, for exam-
ple, ethanol extract of 16 plants belonging to Bal-
lota species of Labiatae family which shows a
distribution in Turkey were studied for the an-
tioxidant activity on the lipid peroxidation and
formation of superoxide anion. The extracts of
all Ballota species were shown to have antioxi-
dant activity and also inhibitory effect on lipid
peroxidation by scavenging super oxide anion
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Figure 1. Reducing power of acetone extract of Nepeta and butylated hydroxy toluene (BHT). 



radicals19. In a separate study, the methanol ex-
tract of Teucricum montbretii sp. belonging to
Labiatae family was studied for the antioxidant
and antimicrobial activity. It was reported that
the extract has a natural compound which pre-
vents the auto-oxidation of lipids, and it was also
suggested that the plant could be used as a natur-
al food protectant due to its antibacterial and an-
tioxidant activities20. Triantaphyllou et al21 stud-
ied the antioxidant activity of water extract of 6
different aromatic plants which belong to Labi-

atae family in Greece. It was reported that the
obtained extracts had protective effects against
lipid peroxidation. Miceli et al5 measured the
radical scavenging activity of methanol extract
of Nepeta sibthorpii Bentham plant by the
DPPH˙method. The IC50 value for the methanol
extract of Nepeta sibthorpii Bentham was deter-
mined to be 97.18 µg/ml. In the same study, urso-
lic acid and polyphenols were separated from the
Nepeta plants to find out the source of biological
activity in the Nepeta plant. The IC50 for the
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Figure 2. Radical scavenging activities of the Nepeta acetone extracts and Rutin against DPPH. 

Figure 3. Inhibition of nitric oxide radicals by Nepeta and Rutin.
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DPPH˙ scavenging activity of polyphenol frac-
tion was 23.95 µg/ml. Similarly, Tepe et al22

showed that various extracts of Nepeta flavida
and their essential oils had antioxidant capacity.

Presence of radical scavenging activity of
Nepeta determined in the present study sup-
ports the previous reports with respect to the
antioxidant activity of Nepeta. It was reported
that flavonoids, phenolic acids, essential oils
and terpens found in plants of Labiatae family
are the compounds leading to antioxidant ef-
fects23. Polyphenolic compounds existing in the
structure of Nepeta could give the antioxidant
effect. The most common herbal phenolic an-
tioxidants are flavonoids, cinnamic acid deriva-
tives, coumarins, tocopherols and phenolic
acids. It was reported that phenolic compounds
could directly contribute to the antioxidant ac-
tivity of the plants24. The results of the antimi-
crobial screening of the extract against mi-
croorganisms presented in Table I. Our results
indicate that the extracts from Nepeta meyeri
inhibit the growth of some of the tested mi-
croorganisms to various degrees. The acetone
extract was found to be effective antimicrobial
agent against gram positive bacteria. It was
found that the acetone extract of the aerial parts
of Nepeta meyeri was devoid of antibacterial
and antiyeast activity against gram negative
bacteria and the yeast examined. It showed ac-
tivity against Staphylococcus aureus, Listeria

monocytogenes, Bacillus subtilis, Bacillus
cereus, Bacillus polymyxa, Bacillus megateri-
um, and Bacillus thurungiensis. The maximum
activity was found against Staphylococcus au-
reus and Listeria monocytogenes. No activity
shown by the acetone extract against the Gram
negative bacteria, could be due to the presence
of compounds in the extract  possessing
lipophilic characteristic25. The present findings
are in line with those from previous screenings
of antimicrobial activities of some terrestrial
plants, which showed activity against gram
positive strains25-32. These differences may be
attributed to the fact that the cell wall in gram
positive bacteria consists of a single layer,
whereas, the gram negative cell wall is a multi
layered structure and quite complex33. 

In conclusion our results revealed that Nepeta
meyeri has antioxidant capacity and potentially a
rich source of antibacterial agents against most
gram positive bacteria.
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Zone of inhibition (mm) Acetone extract (µg/disc)*

Microorganism 4000 2000 1000 500 250 125 62.5

Bacillus subtilis 10 10 10 9 9 8 –
Bacillus thurungiensis 10 9 9 8 – – –
Bacillus megaterium 10 10 9 8 8 8 8
Bacillus polymyxa 9 9 9 9 8 8 8
Bacillus cereus 10 9 9 8 – – –
Staphylococcus aureus 12 12 12 10 10 – –
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Salmonella typhi – – – – – – –
Shigella dysenteriae – – – – – – –
Yersinia enterocolitica – – – – – – –
Enterobacter cloaca – – – – – – –
Candida albicans – – – – – – –

Table I. Antimicrobial activities of Nepeta meyeri.

*Values are the mean of duplicates. Diameter of zone of inhibition (mm) included the diameter of disc. – = No activity against
the tested microorganisms.
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