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ABSTRACT

Objective: Scavenging of free radicals and inhibition of lipoxygenase are important target
in the treatment of a variety of inflammatory diseases. Calamintha nepeta (L.) Savi subsp.
glandulosa (Req.) PW. Ball of Lamiaceae was previously reported in the treatment of several
diseases in folk medicine. In this study, the essential oil of C. nepeta subsp. glandulosa was
investigated for its radical scavenging activity and inhibitory effect on lipoxygenase.
Material and Method: The essential oil of Calamintha nepeta (L.) Savi subsp. glandulosa
(Req.) P.W. Ball was obtained by hydrodistillation and analyzed by gas chromatography —
mass spectrometry. Essential oil and its major component of biological activity was determi-
ned using an UV-spectrophotometric assay.

Results: Oxygenated monoterpenes pulegone (54%) and menthone (16%) were found to be
the major constituents of the oil. C. nepeta essential oil demonstrated inhibition on lipoxy-
genase at IC,=69.6+ 9.1 pg/mL, whereas its main component pulegone showed no effect
at the same tested concentration. Neither the essential oil nor pulegone displayed radical
scavenging activity (>0.5 mg/mL). Major component pulegone of C. nepeta essential oil sho-
wed no inhibitory effect on lipoxygenase activity, but other components besides of their low
concentration demonstrated an inhibitory effect on lipoxygenase activity in 1/29 ratio when
compared to the standard substance.

Conclusion: Data of our study indicated that essential oil of C. nepeta may contain potent
lipoxygenase inhibitor substances. Further, investigation of other components except the ma-
jor constituent pulegone on lipoxygenase activity may result in the identification of effective
lipoxygenase inhibitors.

Key words: Lipoxygenase (LOX), antioxidant activity, essential oil, GC-MS, Calamintha
nepeta

OZET

Amagc: Cesitli inflamatuar hastaliklarin tedavisinde lipoksijenaz inhibisyonu ve serbest ra-
dikallerin temizlenmesi dnemli hedeflerdir. Lamiaceae familyasindan Calamintha nepeta
(L.) Savi subsp. glandulosa (Req.) P.W. Ball halk arasinda ¢esitli hastaliklarin tedavisinde
kullanilmaktadir. Bu ¢alismada Calamintha nepeta (L.) Savi subsp. glandulosa (Req.) P.W.
Ball ugucu yaginin radikal temizleyici etkinligi ve lipoksijenaz enzimi tizerindeki etkileri
aragtirildi.

Materyal ve Metod: Calamintha nepeta (L.) Savi subsp. glandulosa (Req.) PW. Ball ugu-
cu yag1 hidrodistilasyon ile elde edildi ve ugucu yagin igerigi gaz kromatografisi- kiitle
spektroskopisi ile belirlendi. Ugucu yag ve temel bileseninin biyolojik aktivitesi UV-
spektrofotometrik yontemler kullanilarak belirlendi.

Bulgular: Ugucu yagin temel bilesenlerinin, oksijenlenmis monoterpen olan pulegon (%54)
ve menton (%16) oldugu saptandi. C. Nepeta ugucu yaginin test edilen konsantrasyonda li-
poksijenaz aktivitesini inhibe ettigi (IC,=69.6+ 9.1 pg/mL) belirlendi. Fakat ana bilesik olan
pulegon test edilen konsantrasyonda enzim aktivitesini inhibe edici etki gostermedi. Ugucu
yag ve pulegon radikal temizleyici etkinlik gostermedi (>0.5 mg/mL). C. nepeta ugucu ya-
ginin major bileseni pulegonun lipoksijenaz aktivitesi tizerinde inhibisyon etki gostermedi
ancak diger bilesenler diisiik konsantrasyonda bulunmalarina ragmen standart maddenin
1/29’u oraninda lipoksijenaz inhibisyonu géstermistir.

Sonug¢: Sonuglarimiz Calamintha nepeta ugucu yaginin giiglii lipoksijenaz inhibitorii mad-
deler igerebilecegini gostermektedir. Pulegon haricindeki bilesenlerin lipoksijenaz aktivitesi
tizerindeki etkilerininin arastirilmasi farmakolojik olarak anlamli lipoksijenaz inhibitorleri-
nin bulunmasi ile sonuglanabilir.

Anahtar kelimeler: Lipoksijenaz (LOX), antioksidan aktivite, ugucu yag, GC-MS, Cala-
mintha nepeta
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Introduction

Oxidative stress and inflammation play an important
role in different pathophysiological conditions [1]. If the-
re is an insufficiency in enzymatic antioxidant defenses,
and excess productions of free radicals or a drop in the
level of the antioxidants; molecules will lead to an imba-
lance and may cause deleterious effects, situations such
as oxidative stress [2].

Nitric oxide, superoxide radicals as well as the product of
lipid peroxidation, which occurs as a result of increasing
oxidative stress are associated with inflammation [3].
Inflammation is a complex set of interactions among so-
luble factors and cells that can arise in a tissue in response
to traumatic, infectious, post ischemic, toxic or autoim-
mune injury [4]. Lipoxygenases (LOX) are an important
group of enzymes associated with various inflammatory
processes and for the production of free radicals. Free ra-
dicals prime the immune response, recruit inflammatory
cells, and are also innately bactericidal in nature.

There are several important oxidative enzymes such as
xanthine oxidase (XOD), lipoxygenases and cyclooxyge-
nases (COX-1 and COX-2), which are involved in normal
biological processes and also in pathological conditions.
LOX involved in the biosynthetic pathways leading to
formation of leukotrienes, hydroxyeicosatetracnoic
acids, prostaglandins and induction of oxidation of LDL,
which has also been implicated in the progression of
both atherosclerosis and cancer [5]. Most of the LOX in-
hibitors are antioxidants of free radical scavengers, since
lipoxygenation occurs via a carbon centered radical [6].

Lipoxygenases can be found in a wide variety of mic-
roorganism, plant and animal tissues. Long carbon
chain fatty acids such as linoleic acid are the primary
substrates of the plant lipoxygenases. Soybean lipoxy-
genase isozymes have significantly different properties
[7]. Newly developed anti-inflammatory drugs inhibit
both COX and the 5-LOX metabolic pathways, during
the formation of prostaglandins (PGs), thromboxanes
(TXs) and leukotrienes (LTs). The inhibition of the LT
synthesis increases the anti-inflammatory efficacy, es-
pecially in pneumological and rheumatological diseases
[8]. Lipoxygenases are therefore potential targets for the
rational drug design and discovery of mechanism ba-
sed inhibitors for the treatment of a variety of disorders
including bronchial asthma, inflammation, cancer and
autoimmune disease. Thus, search for new lipoxygenase
inhibitors appears to be a promising approach for the
development of new drugs [9].

The genus Calamintha (Lamiaceae) is represented by
eight species, of which four are endemic in the Flora of
Turkey [10]. Calamintha species are used in folk medici-
ne like mints, mainly as stimulant, digestive, tonic, anti-
septic efc [11]. Investigations showed that leaves and flo-
wers of Calamintha species are effective as an antiseptic,
antispasmodic and tonic [12], the essential oils of plant
have antimicrobial and antispazmodic activity [13, 14].
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Essential oils and extracts of several medicinal plant
aerials have been tested for their antioxidant activity
and anti-inflammatory activity [15, 16]. Also, C. nepeta
(L.) Savi is well known as a spice, which is used in food
flavouring, and it is employed in folk medicine, for the
treatment of respiratory and gastroenteric diseases. In
several parts of Sicily it is used for the disinfection and
cicatrization of wounds [17]. Boiled C. nepeta broth aga-
inst gout, cough up slime and an external application of
the leaves against hip pains was reported [15].

In this present study, the essential oil of C. nepeta was
obtained by hydrodistillation. The chemical composition
of the essential oil was determined both by gas chroma-
tography (GC) and gas chromatography — mass spectro-
metry (GC-MS) methods, simultaneously. Furthermore,
the essential oil and its major compound pulegone were
subjected spectrophotometrically both to LOX enzyme
inhibition and 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay to evaluate anti-inflammatory activity as well as
their anti-oxidant activity, respectively.

Material and Methods

Plant material

C. nepeta was collected from Kayisdagi, Istanbul, Nort-
hwest Anatolia, Turkey on 20.09.07. A voucher specimen
(Akaydin 11631) has been deposited at the Herbarium of
the Faculty of Education, Hacettepe University, Ankara,
Turkey.

Isolation of essential oil

The essential oil from 100 g air-dried plant material was
isolated by hydrodistillation using 600 mL water for 2
h, using a Clevenger-type apparatus according to the
method recommended in the European Pharmacopoeia
[18]. The obtained oil (0.9 mL) was dried over anhydro-
us sodium sulphate and stored at +4°C in the dark until
analyzed.

Gas chromatography — mass spectrometry
(GC-MS analysis)

The GC-MS analysis was carried out with an Agilent
5975 GC-MSD system. Innowax FSC column (60 m x
0.25 mm, 0.25 wm film thickness) was used with heli-
um as carrier gas (0.8 mL/min). GC oven temperature
was kept at 60°C for 10 min and programmed to 220°C
at a rate of 4°C/min, and kept constant at 220°C for 10
min and then programmed to 240°C at a rate of 1°C/min.
Split ratio was adjusted at 40:1. The injector temperature
was set at 250°C. Mass spectra were recorded at 70 eV.
Mass range was from m/z 35 to 450.

GC analysis

The GC analysis was carried out using an Agilent 6890N
GC system. FID detector temperature was 300°C. To ob-
tain the same elution order with GC-MS, simultaneous
auto-injection was done on a duplicate of the same co-
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lumn applying the same operational conditions. Relative
percentage amounts of the separated compounds were
calculated from FID chromatograms. The analysis re-
sults are expressed as mean percentage + standard devi-
ation (SD) (n=3) as listed in Table 1.

Identification of components

Identification of the essential oil components were car-
ried out by comparison of their relative retention times
with those of authentic samples or by comparison of the-
ir relative retention index (RRI) to series of n-alkanes.
Computer matching against commercial (Wiley GC-MS
Library, Adams Library, MassFinder 3 Library) [19-20],
and in-house “Baser Library of Essential Oil Constitu-
ents” built up by genuine compounds and components
of known oils, as well as MS literature data [21-23], was
used for the identification.

Free radical scavenging activity

Stock solutions of each test sample were prepared to
obtain a final concentration of 0.5 mg/mL in methanol
which were transferred in aliquots of 100 pul of each test
solution to the first row of the 96 well plate. 10 fold serial
dilutions in an equal amount of methanol (MeOH) were
prepared using a multichannel pipette and vortexed for 5
min. 2 mg of DPPH was dissolved in 25 mL of methanol
to obtain a stock reagent solution with final concentrati-
on of 80 ug/mL. To initiate the reaction 100 ul of DPPH
solution was added into each well and left for 30 minutes
in dark. Vitamin C was used as positive control at the
same concentration. DPPH+MeOH served as negative
control and only MeOH as blank on the same test plate.
The UV absorbance was read at 517 nm using a microp-
late reader (Bio-Tek, Powerwave) at room temperature.
Half maximal of the inhibitory concentration (IC, ) va-
lues were calculated using the formula inhibition percent
I (%) below where A is the absorbance of the control
and A, the absorbance of the test sample [24].

1(%) = 100 (4,-4,) / 4,

Lipoxygenase inhibition assay

LOX inhibiting activity was measured by modifying the
spectrophotometric method developed by Baylac and
Racine [25]. LOX (1.13.11.12, type I-B, Soybean), lino-
leic acid and test compounds were purchased from Sig-
ma (St. Louis, MO, USA). All other chemicals were of
analytical grade. Potassium phosphate buffer (1,94 mL;
100mM; pH 9.0), 40 puL of test compound solution and
20 pL of lipoxygenase solution were mixed and incuba-
ted for 10 min at 25 °C. The reaction was then initiated
by the addition of 10 pL linoleic acid solution, the chan-
ge of absorbance at 234 nm was followed for 10 min.
Test compounds and the positive control Nordihydrogu-
aiaretic acid (NDGA) were dissolved in MeOH. All the
kinetic experiments were performed in quartz cuvette.
The concentration that gave 50% inhibition (IC,) for test
compounds was calculated. Each tested compound and
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control were run in triplicate at each concentration and
the results. All test and control (without test compo-
und) assays were corrected by blanks for non-enzymatic
hydrolysis. The absorbance change per minute was de-
termined. Percentage of inhibition was calculated as the
absorbance change per minute of enzyme activity (wit-
hout any inhibitor) compared to absorbance change per
minute of test compound. The experiments were con-
ducted in triplicate.

Results

In the present study, the main constituents identified by
GC and GC-MS were the monoterpenes pulegone (54
+2.6%) and menthone (16 = 0.8%) (Table 1), respectively.
Overall, 35 constituents of the oil were identified repre-
senting 99.9% of the total. The analysis of the essential
oil of our study shows that it had a chemical composition
close to that reported by other studies. In previous studi-
es, the essential oil of C. nepeta subsp. glandulosa sho-
wed that the major constituents were piperitone oxide,
trans-piperitone oxide and pulegone in different percen-
tages [26, 27]. Data reported earlier demonstrated that
the main constituent of oil obtained from C. nepeta by
supercritical fluid extraction (SFE) and hydrodistillation
(HD) was pulegone (25.2%and 21.4%, respectively) [28].

Furthermore, the essential oil and its major constituent
were subjected to biological evaluation by LOX inhibition
and DPPH radical scavenging assays. The tested oil sho-
wed relatively weak LOX inhibitory activity (IC, 69.6+9.1
pg/mL) when compared to standard NDGA (IC,;2.4+0.5
ug/mL) (Table 2). On the other hand, pulegone the ma-
jor constituent of essential oil did not show inhibition on
LOX (Table 2). Additionally, antioxidant efficacy of the
essential oil and pulegone was tested. Our data obtained
from DPPH assay demonstrated that free radical scaven-
ging activity of C. nepeta subsp. glandulosa essential oil
and the major constituent pulegone was higher than 0.5
mg/mL suggesting that they are not active at the tested
concentrations compared to the standard test substances
(see Table 2). To the best of our knowledge the biological
evaluation of C. nepeta essential oil by LOX inhibitory
and antioxidant activity is reported here for the first time.

Discussion

The biological activity studies on C. nepeta are limited
as our research and one of study [29] shows that the es-
sential oil and its major constituent pulegone has anti-
microbial and antifungal activity. Recently, antifungal
activity of C. nepeta oil against dermatophytes was re-
ported [30]

The traditional uses of the essential oil suggested that it
may poses anti-inflammatory activities through antio-
xidant mechanism. Hence, we tested both the essential
oil and its major component, pulegone for antioxidant
and anti-inflammatory activity against standard active
substances.
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Table 1. The Composition of the Essential Oil of Calamintha nepeta subsp. glandulosa

RRI? Compound % identification method
1032 OL-Pinene 0.30+0° cd
1118 ﬁ-Pinene 0.33+0.06 c,d
1132 Sabinene 0.20+0 cd
1174 Myrcene 0.333+0.06 c,d
1203 Limonene 5.77+0.29 c,d
1213 1,8-Cineole 0.20+0 cd
1246 (2)-p-Ocimene 0.10+0 c
1255 y-Terpinene 0.10+0 c,d
1280 p-Cymene 0.13+0.06 c,d
1290 Terpinolene 0.10+0 c,d
1393 3-Octanol 1.23+0.06 c
1474 trans-Sabinene hydrate 0.23+0.06 c
1475 Menthone 16.23+0.78 c,d
1503 Isomenthone 1.77+0.12 cd
1553 Linalool 0.20+0 cd
1582 cis-lsopulegone 1.03+0.06 c
1598 trans-Isopulegone 0.53+0.06 [
1606 iso-lsopulegol 0.10+0 c
1611 Terpinen-4-ol 0.70+0 c,d
1612 B-Caryophyllene 0.37+0.12 c,d
1638 Menthol 1.70+0.17 c,d
1639 trans-p-Mentha-2,8-dien-1-ol 0.10+0 c
1662 Pulegone 53.93+2.64 c,d
1706 Q.-Terpineol 0.23+0.06 cd
1719 Borneol 0.1+0 cd
1726 Germacrene D 0.57+0.12 c,d
1733 cis-Piperitone oxide 1.07+0.06 c
1754 trans-Piperitone oxide 4.83+0.32 c
1865 Isopiperitenone 0.13+0.06 ¢
1916 trans-p-Mentha-8-methylthio-3-one 0.10+0 c
1949 Piperitenone 1.50+0.27 c,d
1983 Piperitenone oxide 5.43+0.36 c,d
2006 8,9-Dehydrothymol 0.10+0 c
2045 Carotol 0.13+0.06 c
2239 Carvacrol 0.13+0.06 c,d
Total 99.87+0.06

* RRI Relative retention indices calculated against n-alkanes on the HP Innowax column; ®mean % calculated from Flame Ionization
Detector (FID) data + SD (n= 3); ¢, comparison of mass spectra with the Wiley and Mass Finder libraries and retention times; MI: Method of

Identification; d, comparison with genuine compounds on the HP Innowax column.

Table 2. Lipoxygenase inhibitory and antioxidant activities of essential oil of Calamintha nepeta subsp. glandulosa and its major constituent

pulegone
LOX IC_, (pug/mL) Antioxidant activity IC_, (mg/mL)
Essential oil 69.6+9.1 >0,5
Pulegone na >0,5
Vitamin C? nt 0,02+0,002
NDGA® 2.4+0.5 nt

*positive control used in antioxidant assays; positive control used in LOX inhibiting assay, na:Not active, nt, not tested
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Inhibition rate of 5-lipoxygenase is used as an indicator
of anti-inflammatory activity, resulting in the inhibition
of prostaglandin and leukotriene synthesis. This present
study, clearly demonstrated that the essential oil of C.
nepeta subsp. glandulosa showed an in vitro inhibitory
effect on the soybean LOX activity. But it should be no-
ted that there are different pathways involved in inflam-
mation process and the essential oils may exhibit variab-
le activity on the other inflammatory related assays (e.g.
COX-1 and COX-2 inhibition) [31].

It has been previously reported that the petrol ether frac-
tion of C. grandiflora and C. nepeta subsp. glandulosa
showed significant inhibitory effect on the production
of NO, which is an inflammatory mediator in macrop-
hages as compared to indomethacin. Furthermore, the
extracts of species showed antioxidant efficacy in the
same study. Additionally, C. nepeta subsp. glandulosa
and C. grandiflora displayed no cytotoxicity up to 500
pg/mL concentration [32]. This recent findings may sup-
port the anti-inflammatory effect and mode of action of
Calamintha species.

As known, free radicals are involved in several disorders.
The harmful action of the free radicals, however, can be
blocked by antioxidant substances, which scavenge the
free radicals and detoxify the organism [33]. Also it is
well known that medicinal plants, foods and compounds
have antioxidant activity play an essential role preventi-
on of disease and anti-aging process. Therefore, antioxi-
dant effect of essential oils, natural compounds and ext-
racts obtained from medicinal plants is now receiving a
special attention.

It is well documented that (+)-pulegone is a potent in-
hibitor of acetylcholinesterase activity among ketones
[34]. Studies have shown that metabolites of pulegone
were responsible for the toxicity. Liver is the target or-
gan most closely associated with pulegone toxicity. The
direct conjugation of pulegone with glutathione might
partially explain the glutathione-depleting effect of pu-
legone. A single i.p. dose of 150 mg/kg pulegone has
been shown to deplete glutathione in plasma as well as
liver of rats and plays an important role in the toxicity
[35, 36]. Glutathione is an important antioxidant mole-
cule. The effect of pulegone on glutathione is to affect
antioxidant balance negatively.

As a conclusion, no significant radical scavenging acti-
vity was observed at tested concentration of the oil and
its major component, respectively. However, when com-
pared to the standard substance, the essential oil of C.
nepeta showed LOX inhibitory effect. Major component
of essential oil pulegone, showed no inhibitory effect on
LOX. As the major component of essential oil did not in-
hibit the LOX enzyme activity, it’s presumed that other
components of essential oil rather may responsible for
LOX inhibitory activity. Data obtained from this study
might support the possible effects of C. nepeta species
in certain inflammatory processes.
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Further research on C. nepeta essential oil components
and other fractions may result in LOX inhibition with
anti-inflammatory effect. Also other inflammatory and
related assays of the plant material may be worthwhile
to investigate.
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