Nepeta rtanjensis (Lamiaceae), a plant endemic to the Balkans:
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Abstract: The success of antioxidant therapy in hyperthyroidism implies that disease is mediated by oxidative stress,
which is known as one of the causing agents of ageing, degenerative diseases, and cancer. The main objective of our
study was to determine possible protective effects of methanolic extract of N. rtanjensis in triiodothyronine (T3)-induced
DNA breaks of human lymphocytes under in vitro conditions, based upon plant antioxidant capacity related to its
phytochemical profile, mainly its polyphenolic complex. The total phenolic and flavonoid content and the antioxidant
activity using in vitro 1,1-dyphenyl-2- picrylhydrazyl reagent (DPPH) was determined in methanolic extracts of plant
leaves and flowers. The phenolic compound content of 62.73+1.80mg of GaA/g, exhibited solid antioxidant activity
(IC50= 112.59+0.95pug/ml). The antigenotoxic activity of 0.2, 0.5 and 1.0mg/ml N. rtanjensis methanol extracts mixture
with 100uM of T; was studied in human lymphocytes in vitro using the Comet assay. It is supposed that the
antigenotoxicity of N. rtanjensis methanol extracts was caused by high presence of chlorogenic acid, rosmarinic acid
and rutin, all known as efficient antioxidant bioactive compounds, which were determined by ultrahigh-pressure liquid
chromatograph with MS/MS Mass Spectroscopy (UHPLC/-HESI-MS / MS).
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INTRODUCTION typical for tumours (Azqueta et al., 2009) is increased in
hyperthyroid rat liver (Andican et al., 2004). The
implication of antioxidants, vitamin E and curcumin, has
been used in a prevention of primary liver damage

occurring in a hyperthyroid state (Subudhi et al., 2008).

Thyroid hormones (TH) are well-known for their
profound effects on the metabolic rate, growth and
differentiation of nearly all animal and human tissues
(Mullur et al., 2014). The metabolic effects of TH, mainly

triiodothyronine (T;), are directly linked to reactive  Medicinal plants are considered as a potential source of

oxygen species (ROS) production due to its capacity to
accelerate the basal metabolism and change respiratory
rate in mitochondria (Cheng et al., 2010). ROS are
essential biomolecules in cell signalizing and regulation,
traditionally more recognized with their role in oxidative
damage that underlines many human degenerative
diseases, aging and cancer (Dickinson and Chang, 2011).
Oxidative damage of tissue observed in hyperthyroidism,
depends on metabolic response of cell to TH, accordingly,
the organ that mainly suffers from oxidative damage in
hyperthyroidism is the liver, due to lipid, protein and,
DNA oxidation (Messarah et al., 2010). The level of the
most common oxidized base 8-oxo0-7’8’-dihydroguanine
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antioxidants applied in protection from damage induced
by oxidative stress through inhibiting or modulating the
effects of mutagens and carcinogens (Vukovic-Gacic et
al., 2006). Nepeta rtanjensis Diklic & Milojevi¢
(Lamiaceae) is an endemic perennial plant, growing only
on a few sites of a very limited area of dry calcareous
grasslands in Southeast Serbia (Dikli¢ et al., 1999).
Nepeta species are widely used in folk medicine as
diuretic, diaphoretic, anti-tussive, anti-spasmodic, anti-
asthmatic, febrifuge and sedative agents and also against
gastrointestinal and respiratory hyperactive disorders.
Since N. rtanjensis is a rare plant of a limited distribution,
it is important to emphase that its propagation with a 99%
survival rate was achieved due to a specially developed
micro propagation protocol (Misic et al., 2005). N.
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rtanjensis is already known for its antibacterial and
antifungal activities due to the presence of nepetalactones
in essential oil synthetized in glandular trichomes of
leaves and stem (Grbi¢-Ljaljevic et al., 2011).
Nepetalactones were shown to have cytotoxic effect on
C32 amelanotic melanoma and in renal adenocarcinoma
cancer cell (Rigano et al., 2011). The free radical
scavenging ability of N. rtanjensis have been recently
recognized and explained due to the presence of several
identified phenolic compounds, dominantly, rosmarinic
acid, chlorogenic acid and caffeic acid (Nestorovic,
2013). The same phenolic components, rosmarinic acid,
caffeic acid and phenolic acids, were also present in
Nepeta menthoides which had effect on enhancing
memory retention and retrieval possibly due to their
antioxidant activity, as explained by Sarahroodi et al.
(2012). Considering that anxiety, as a common symptom
in hyperthyroidism, is linked with oxidative stress (Demet
et al., 2002; Smaga et al., 2015), there are notes on use of
Nepeta species in folk medicine as an anxiolytic drug or
constituent of herbal preparation with anxiolytic effects
(Ishaqg, 2014). Sedative and anxiolytic effects of Nepeta
species are attributed to the main constituents of plants,
nepetolactones (Rabbani et al., 2008).

In our study we choose to assess the antigenotoxic
potential of N. rtanjensis in the Comet assay because it is
a simple, rapid, and very sensitive test for the
quantification of DNA damage (Tice et al., 1991).
Additionally, it was previously reported, using the in vitro
Comet assay, that genotoxic effects of the T3 hormone can
be reduced with an antioxidant defense system of enzyme
catalase (Djelic and Anderson, 2003) and flavonoids,
purified kaempferol, and quercetin (Dobrzynska et al.,
2004). The main aim of our study was to provide the first
data about possible antigenotoxic potential of N.
rtanjensis, in attenuating formation of DNA lesions
induced by T3 hormone. Prior to ultrahigh-pressure liquid
chromatograph with MS/MS Mass Spectroscopy
(UHPLC/-HESI-MS / MS) determination of phenolic
compounds in N. rtanjensis extract with the most
antioxidant potential, we have tested the total flavonoids
and phenolics content and antioxidant property of leaves’
and flowers’ methanolic extracts.

MATERIALS AND METHODS

Preparation of plant material

Aboveground parts of the plant were collected in the
flowering phase from its natural habitat, the mountain of
Rtanj in Eastern Serbia (N 43°43.657° E 21°54.257").
Since the species is listed in the List of Protected Species
of Serbia, special permission for collecting a small
amount of plant material was obtained from the Institute
of Nature Protection of Serbia, in line with Convention on
Biological Diversity and the Convention on the Trade in
Endangered Species of Wild Fauna and Flora ratificated

in Serbian Law on Nature Protection (Official Gazette of
the Republic of Serbia No 36/09 and No 88/2010). Plant
material was authenticated by Prof. Zora Dajic Stevanovic
and a herbarium voucher was deposited at the Department
of Applied Botany, Faculty of Agriculture University of
Belgrade (FOA NR 34).

For the spectrophotometric tests and evaluation of N.
rtanjensis antioxidant activity the air-dried plant material
(10g) was coarsely crushed and extracted with methanol.
The extract was filtered through a paper filter (Whatman,
No. 1, Sigma-Aldrich, Steinheim, Germany) and
evaporated under reduced pressure with a rotary
evaporator. The obtained leaf and flower extracts were
stored in dark glass bottles for further processing.

Preparation of N. rtanjensis Methanolic Extract for
UHPLC/-HESI-MS/MS analyses (Liquid
Chromatography Under Ultra-High Pressure with MS/MS
Mass Spectroscopy) and the Comet Assay was carried our
separately. Leaf plant parts of N. rtanjensis mass ~5.9g
per sample were crushed in liquid nitrogen until reaching
powder form. Extraction was carried out in 25ml of
methanol (99.8%, AppliChem Cheshire, USA) with
sonication for 10min. Samples were then centrifuged at 8
000xg for 10min, at a temperature of 4°C. The
supernatant was filtered and the volume adjusted to 25 ml
adding methanol. For the purposes of UHPLC/-HESI-
MS/MS analysis, the samples were filtered through a
cellulose filter with a pore size of 0.2um (Agilent
Technologies, Santa Clara, CA, USA) and stored at 4°C
until use. Evaporation of the samples was performed in a
vacuum evaporator (Concentrator 5301, Eppendorf
GmbH, Austria), at room temperature. The dry methanolic
extract was used for further analysis.

Spectrometric determination of total phenolics and
flavonoids in the plant extracts and their antioxidant
activity

Chemicals, gallic acid, rutin hydrate, and 2,2-Dyphenyl-1-
picrylhydrazyl (DPPH) were obtained from Sigma
Chemicals Co., St Louis, MO, USA. Folin-Ciocalteu
phenol reagent and aluminium chloridehexahydrate was
purchased from Fluka Chemie AG, Buchs, Switzerland.

The concentration of phenolics in the plant extracts was
measured by using a spectrophotometric method
(Singleton et al., 1999). The methanol solution of the
plant extracts in a concentration of 1mg/ml was used in
the analysis. The reaction mixture was prepared by
mixing 0.5ml of methanol solution of the extract, 2.5ml of
Folin-Ciocalteu reagent, and 2ml of 7.5% NaHCO3. The
samples were thereafter incubated at 45°C for 15min. The
absorbance was determined using a spectrophotometer at
Amax=765nm. The samples were prepared in triplicate for
each analysis and the mean value of absorbance was
obtained. The same procedure was repeated for the
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standard solution of gallic acid and the calibration line
was constructed. Based on the measured absorbance, the
concentration of phenolics was read (mg/ml) from the
calibration line; then, the content of phenolics in the
extracts was expressed in terms of gallic acid equivalent,
GAE (mg of GaA/g of extract).

The content of flavonoids in the examined plant extracts
was determined using a spectrophotometric method
(Quettier et al., 2000). The sample contained 1ml of
methanol solution of the plant extracts in a concentration
of Img/ml and Iml of 2% AICI3. The samples were
incubated for an hour at room temperature. The
absorbance was determined using spectrophotometer at of
Amax= 415 nm. The samples were prepared in triplicate for
each analysis and the mean value of absorbance was
obtained. The same procedure was repeated for the
standard solution of rutin and the calibration line was
constructed. Based on the measured absorbance, the
concentration of flavonoids was read (mg/ml) on the
calibration line; then, the content of flavonoids in extracts
was expressed in terms of rutin equivalent, RUE (mg of
RU/g of extract).

The ability of the plant extract to scavenge 1,1-dyphenyl-
2- picrylhydrazyl (DPPH) free radicals was assessed by
the standard method (Takao et al., 1994), adopted with
suitable modifications (Kumarasamy et al., 2007). The
stock solution of the plant extracts was prepared in
methanol to achieve the concentration of Img/ml.
Dilutions were made to obtain concentrations of 500, 250,
125, 62.5, 31.25, 15.62, 7.81, 3.90, 1.99, 0.97pg/ml.
Diluted solutions (1.00 ml each) were mixed with DPPH
(1 ml). After 30 min in the dark at room temperature, the
absorbance was recorded at 517 nm. The control samples
contained all the reagents except the extract. The
percentage inhibition was calculated using equation (1),
whilst ICsy values were estimated from the percent
inhibition versus concentration plot, using a non-linear
regression algorithm. The data were presented as mean
values + standard deviation (n = 3).

9% inhibition = ( A of control — A of sample j <100

A of control
Eq. (1)

UHPLC/-HESI-MS/MS analysis of phenolic

Compounds in N. rtanjensis methanol extract

The analysis was performed on a Dionex Ultimate 3000
UHPLC system (Thermo Fisher Scientific, Bremen,
Germany) which includes a binary pump, a vacuum
degasser, a thermostat for columns and an auto-sampler.
UHPLC system is configured with a triple-quadrupole
mass spectrophotometer (TSQ Quantum Access MAX,
Thermo Fisher Scientific, Bremen, Germany) with an
electron spray ionization (HESI, eng. Heated electro spray
ionization). Chromatographic separation was carried out
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on a Hypersil Gold C18 column with dimensions of 50
mm x 2.1mm, with a particle size of 1.9um (Thermo
Fisher Scientific, USA). The mobile phase consists of
0.1% solution of formic acid (A) and acetonitrile (B) and
samples were eluted as previously described by Misi¢ et
al. (2015). The flow rate was adjusted to 0.400 ml/min.
All analysis were conducted with MS-quality solutions
(Fisher Scientific UK, Leics, UK). The column was
thermo stated at 30°C, while the injection volume was
10ul. To control the UHPLC instrument Chromeleon
Xpress software was used (Thermo Fisher Scientific,
Bremen, Germany). Targeted phenolics were quantified
based on the calibration curves of pure compounds, which
all revealed good linearity, with 1* values exceeding 0.99,
p<0.001. Standards of chlorogenic acid, rosmarinic acid,
caffeic acid, ferulic acid, aesculin, rutin, luteolin,
apigenin, kaempferol and quercetin were purchased from
Sigma-Aldrich (Steinheim, Germany).

Study Design: Antigenotoxic potential of methanol
extract of N. rtanjensis in Ts-Treated human
lymphocytes

The genotoxic effects of several concentrations of 3,3°,5-
trijodo-L-thyronine sodium salt (ICN Biomedicals Inc,
Irvine, California, USA) (T;) was preexamed. T; was
dissolved in PBS (Torlak, Belgrade, Serbia) to
experimental concentrations 1.5, 5.0, 15, 50, 100, and 200
pM. We used 100uM hydrogen peroxide as the positive
control (Galafarm, Skopje, Macedonia), and the solvent
(PBS) for T; was the negative control.

For the antigenotoxicity assay, the T; hormone was used
as genotoxic agent at 100uM of final concentration since
it caused a significant level of DNA damage in treated
cells, but also retained good cell viability. The same
concentration of T; was used in previous studies where
hormone genotoxicity was evaluated [22, 23].

The dry methanol extract of N. rtanjensis was freshly
dissolved and diluted dimethyl sulfoxide (DMSO)(Merck
KGaA, Darmstadt, Germany) to obtain final
concentrations of 0.2, 0.5 and 1mg/ml and the solvent was
used as a negative control. For positive control, we used
100uM of hydrogen peroxide (Galafarm, Skopje,
Macedonia).

Human lymphocytes were exposed to N. rtanjensis
extracts in all studied concentrations, together with 100
uM of T5 and were incubated for 30 min. Genotoxicity of
Img/ml of N. rtanjensis was tested under the same
treatment conditions.

Isolation of lymphocytes

For the Comet assay, human lymphocytes were obtained
and immediately used by venepuncture from three healthy
male donors (25-35 years of age). All of them were
healthy at the moment of blood sampling and non-
smokers. Donors who reported alcohol consumption,
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medicinal usage, exposure to diagnostic X-rays and,
severe aerobic physical training were excluded. Human
blood sampling was performed in accordance with the
Declaration of Helsinki and approved by the Ethical
Committee for clinical research at the Faculty of
Pharmacy in Belgrade Serbia on 27.04.2015. (846/2).
Informed donor consent was also obtained before they
participated in the study.

Isolation of lymphocytes from whole blood was
performed with a Ficoll-Paque PLUS medium (GE
Healthcare Life Sciences, NJ, USA). After centrifugation
at 1900xg 15min, the lymphocytes formed a layer directly
above the Ficoll-Paque. The isolated lymphocytes were
washed twice in Roswell Park Memorial Institute (RPMI)
1640 medium (Sigma Chemical Co., St. Louis, MO,
USA), each wash was followed by a centrifugation of 10
min at 1800xg. Finally, the supernatant was removed as
carefully as possible without disturbing the pellet. An
aliquot of 1ml of RPMI 1640 was added and the pellet
was resuspended. A manual cell count and an estimate of
cell viability were performed using the Trypan blue
exclusion test.

The comet assay

All chemicals used in the Comet assay were obtained
from Sigma (Saint Louis, MO, USA) if not stated
differently. An alkaline Comet assay was performed
according to the technique of Singh et al. (1988) and Tice
et al. (1991), with slight modifications. All experiments
were repeated three times on lymphocytes isolated from
different donors. Prior to the Comet assay, the viability of
lymphocytes cells was evaluated after incubation for 30
min with 100 and 500uM of T3 and 0.2, 0.5 and 1.0
mg/ml of N. rtanjensis methanol extract using the Tripan
blue dye assay. Microscope slides were precoated with
1% normal melting point agarose and allowed to air dry at
room temperature for at least 48 h. After centrifugation (5
min at 2000 rpm), 100ul of cell suspension was mixed
with 100ul of 1% low melting point agarose (LMPA).
Ninety micro litres of the suspension was rapidly pipetted
onto the first agarose layer and spread using a coverslip,
and refrigerated to solidify. After removal of the cover
slip, the 90ul of 0.5% LMPA was added as the third layer,
spread using a cover slip and allowed to solidify at 4°C
for 5 min. Afterwards, the slides were immersed in cold
lysis solution at pH 10 [2.5M NaCl, 100mM EDTA,
10mMTris pH 10, 1% Triton X-100 (Amersham
Biosciences, Freiburg, Germany), 10% DMSO] overnight
at 4°C. After lysis, the slides were placed in a horizontal
gel electrophoresis tank to allow DNA unwinding in cold
(4°C) alkaline electrophoresis buffer [300mMNaOH
(MercK GaA, Damstadt, Germany), ImM EDTA, pH >
13] for 30 min. Electrophoresis was done at 4°C under an
electric current of 25 V and 300mA for 30min. All these
steps were performed under dimmed light (tank was
covered with a black cloth) to prevent the occurrence of
additional DNA damage. The slides were then neutralized

with 400mM Tris-HCI1 (pH 7.5), three times for 5 min.
Then, the slides were fixed with cold methanol, dried and,
stored. Before analysis, the slides were rehydrated with
ice cold distilled water and stained with 50pL of ethidium
bromide (Serva, Heidelberg, Germany) (EtBr, final
concentration 20pg/ml,).

From each replicate slide, 50 nuclei were scored (a total
of 100 nuclei per donor) and a tail intensity- percentage of
tail DNA (Ti) was used to evaluate the extent of DNA
migration. Slides were examined at 400x magnification
on a fluorescent microscope (Leica, UK) and image
analysis software (Comet Assay IV Image Analysis
system, PI, UK. Undamaged cells have an intact nucleus
without a tail and damaged cells have the appearance of a
comet (fig. 1).

Fig. 1: Fluorescent microscope (Leica, UK) images of
human lymphocytes nucleus: (A) intact nucleus without a
tail; (B) damaged cell nucleus with the appearance as a
comet analyzed by software (Comet Assay IV Image
Analysis system, PI, UK)

STATISTICAL ANALYSIS

All  experimental measurements related to the
determination of total phenolic and flavonoid content, as
well as antioxidant activity, were carried out in triplicate
and are expressed as the average of three analyses +
standard deviation. Statistical analysis of the Comet assay
results for both treatments was performed using Statistica
7.0 Software [StatSoft, Inc., 2001, STATISTICA for
Windows (Computer Program Manual). Stat Soft, Inc.,
Tulsa, OK, USA]. Mean values of Ti for each group and
each of 3 donors in genotoxic and antigenotoxic
treatments were calculated. Afterwards, groups of 3
values were formed in both treatments and compared
using t-test. A difference at p<0.05 was considered as
statistically significant.

RESULTS

Total phenolic and flavonoid content in the methanol
extracts of N. rtanjensis leaves and flowers and their
antioxidant activity

The results of the total phenolic and flavonoid content,
and antioxidant activity determination in the methanol
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extracts of N. rtanjensis leaves and flowers are presented
in table 1. The content of total phenolic compounds,
expressed as gallic acid equivalents per gram of dry
extract, as well as flavonoid content, expressed in terms
of rutin equivalents per mg of Ru/g of extract, were
higher in methanolic leaf extract compared to in flowers
extract. The investigated leaf and flower methanolic
extracts of N. rtanjensis demonstrated very different
radical-scavenging activities, respectively; 1Cso of DPPH
scavenging activity values were 112.59+0.95 and 507.70
+ 1.47pg/ml.
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Fig. 2: Effects of T; in concentration range of 1.5-200uM
on the DNA integrity of human lymphocytes; C’, negative
control; C", positive control (100uM hydrogen peroxide).
*significance in comparison with negative control
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Fig. 3: Reduction in Ti by N. rtanjensis methanol extracts
against triiodothyronine-treated human lymphocytes 1: C,
negative control; 2: N.r. (1.0mg/ml); 3: N.r. (0.2mg/ml) +
T; (100uM); 4: N.r. (0.5mg/ml) + T3 (100uM); 5: N.r.
(1.0mg/ml) + T; (100uM); 6: T3 (100uM); and 7: C°,
positive control (100uM hydrogen peroxide).
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Chemical characterization of phenolic complex of N.
Rtanjensis leaf methanol extract

Ten phenolic compounds belonging to the groups of
phenolic acids (chlorogenic acid, rosmarinic acid, caffeic
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acid, ferulic acid, and aesculin) and flavonoids (rutin,
luteolin, apigenin, kaempferol and quercetin) have been
quantified in N. rtanjensis leaf methanol extract.
UHPLC/DAD/+HESI-MS and UHPLC/DAD/+MS/MS
data of targeted phenolics quantified in the methanol
extract of N. rtanjensis are presented in table 2.
Hydroxycinnamic acids, chlorogenic and rosmarinic acid
were the dominant phenolic compounds in the methanol
extract, with concentrations of 13.32 and 10.07pg/ml of
dry extract, respectively. Among flavonoids, flavanol
rutin and flavone luteolin were the most abundant (table
2).

Antigenotoxic potential of methanol extract of N.
rtanjensis in triiodothyronine-treated human
lymphocytes

Prior to antigenotoxicity testing of N. rtanjensis, Tripan
blue dye assay was used to test the viability of human
lymphocytes of cells after 30 min of incubation with 100
and 500uM of T;. Cell viability after the treatment at
above-mentioned doses was mostly >90%. Secondly, the
effects of a wide spectrum of T; concentrations (1.5 to
200uM) on DNA integrity in human lymphocytes was
tested (fig. 2). Treatments with 1.5uM and 5pM of T;
increased average Tail intensity values by 1.7- and 1.8-
fold respectively, compared with the negative control, but
without statistical significance. DNA damage in
lymphocytes treated with 15uM of T; and all other higher
concentrations gave rise to significant DNA damage in
dose-dependent manner (fig. 2). Nevertheless, for the
examination of the antigenotoxic potential of the
methanol extract of N. rtanjensis, we choose T3 at final
concentration of 100uM, since the viability of cells was
above >90% in Trypan blue dye exclusion assay and DNA
damage was about four-fold greater compared to the
negative control group (fig. 2). The results of the tested
antigenotoxic property of N. rtanjensis leaf methanol
extracts at three final concentrations (0.2mg/mL, 0.5
mg/ml, and 1.0mg/ml) are presented in table 3 and fig. 3.
All plant concentrations reduced tail intensity in Comet
assay in some extent. The smallest concentration of the
plant extract reduced the tail intesity for 41,33% and
showed significant antigenotoxic effects (p<0.05), while
1.0mg/ml and 0,5mg/ml reduced the tail intensity for
7,07% and 21,67% compared to the negative control,
respectively (p>0.05). The highest concentrations of the
plant extract did not cause significant DNA damage (table
4, fig. 3) and all concentrations of extract did not reduce
cell viability in Trypan blue dye exclusion assay (table 4).

DISCUSSION

Increased mitochondrial oxygen consumption in
hyperthyroidism leads to the presence of excessive
amounts of ROS including H202 (Magsino et al., 2000),
which further leads to the development of oxidative stress
and DNA strand breaks (Zukovec Topalovié et al., 2015).
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Table 1: Total phenolic and flavonoid content in the methanol extracts of N. rtanjensis and their ability for free radical

scavenging

Plant extracts Total phenolic content'

Total flavonoid content” Antioxidant activity ®

Leaf 62.73+1.80

83.30 £ 1.40 112.59 £0.95

Flower 25.63+1.12

21.98+1.10 507.70 + 1.47

'Total phenolic content expressed as gallic acid equivalent (mg GA/g of extract); “Total flavonoid content expressed as rutin
equivalent (mg Ru/g of extract);’ Antioxidant activity expressed as ICs, values of DPPH scavenging activity of N. rtanjensis extracts
(pg/mL);*Each value in the table was obtained by calculating the average of three analysis + standard deviation.

In patients with Graves hyperthyroidism there is evidence
of an imbalanced prooxidant-antioxidant status (Rybus-
Kalinowska et al., 2008) and increased oxidative DNA
damage (Tsai et al., 2009). Oxidative stress is also
considered as the key mechanism of genotoxic effects of
hormones with phenolic groups, which easily undergo
redox cycling that leads to the generation of ROS (Djelic
et al., 2007). Increased thyroid hormone levels can also
indirectly act as genotoxic agents, possibly due to the
depression of the endogenous enzymatic antioxidant
defense (Villanueva et al., 2013).

In previous studies it was observed that T; hormone can
cause oxidative DNA damage in isolated human
lymphocytes (Djelic and Anderson, 2003) and sperm
(Dobrzynska et al., 2004) at concentrations higher than 10
pM, which is in accordance to our results (fig. 1).
Evaluation of a higher T; concentrations genotoxicity than
generally recorded in humans is justified due to
difficulties in extrapolating longer periods of exposure in
laboratory in vitro conditions, as in previous studies
(Cemeli and Anderson, 2011). Bearing in mind that T; can
induce clear oxidative damage on DNA of human
lymphocytes, we investigated possible desmutagenic
effects of three final concentrations of N. rtanjensis (0.2
mg/ml, 0.5mg/mL, and 1.0mg/ml) in ameliorating DNA
damage caused by 100 uM of Ts.

The findings in our study shows that methanolic extract of
N. rtanjensis can protect DNA of human lymphocytes
from oxidative damage induced by the T; hormone. All
three concentrations showed protective effects in some
extent, but the significant decrease of DNA damage was
observed only with the treatment using 0.2mg/ml of the
examined extract (fig. 2). The phenomenon when lower
dosage of antimutagen exhibits the highest antigenotoxic
activity, and the highest concentration of shows
antimutagen less or no activity, has been already
described as a hormetic-like effect (Moretti et al., 2013).
Like in our study, the antigenotoxic, hormetic-like effect
of plant extract was also observed in study by Zukovec
Topalovi¢ et al. (2015), where the commercial dry olive
leaf extract showed the most significant efficacy in
decreasing DNA breakage of human lymphocytes induced
by the T, hormone when used in lower dosage. Hormesis
is a biphasic dose response to an environmental agent
characterized by low dose stimulation or beneficial effect,

whereas higher doses sometimes cause inhibitory or toxic
effects (Mattson, 2008). However, the 1.0 mg/ml of N.
rtanjensis extract did not show genotoxic effects in our
study conditions. Moreover, all concentration of N.
rtanjensis extract did not interfere human lymphocytes
viability in the Trypan blue exclusion test (table 4).

Although previous results on Nepeta spp. antigenotoxic
activity are very limited, the genus property to reduce
DPPH radicals was previously reported (Yazici et al.,
2012). Our results are in accordance with other studies
where positive correlation between antioxidant activity
and total phenol content in the plant extracts was
observed (Yazici et al., 2012). The solid antioxidant
potential of the N. rtanjensis methanolic extract is related
to its phytochemical profile and confirming a comparison
of obtained values for leaf extract (112.59+0.95nug/ml)
with the values for the antioxidant activity of chlorogenic
acid (11.65£0.52pg/ml) and rutin  (9.28+0.27pug/ml)
determined by the same method (Takao et al., 1994). The
antigenotoxic effects of the N. rtanjensis leaf methanolic
extract can be attributed to the presence of phenolic and
flavonoid compounds (table 1). The total phenolic and
flavonoid concentrations are not necessary indicators of
the antioxidant activity of some extract, the synergetic and
antagonistic interaction of single components need to be
considered (Stankovi¢ et al., 2010). The most abundant
phenolic compounds determined by UHPLC/-HESI-
MS/MS in N. rtanjensis methanol extract were
chlorogenic acid, rosmarinic acid, and rutin (table 2).
Synergetic antimutagenic properties in the Comet assay of
chlorogenic acid, rosmarinic acid and rutin have been
reported for leaf ethanolic extract of Melissa officinalis
(Kamdem et al., 2013). Single chlorogenic acid is known
as an excellent natural scavenger and antigenotoxic agent
due to the fact that the one-electron oxidation product of
chlorogenic acid formed by the reaction with ROS is
rapidly broken down to further products that cannot
generate any free radicals (Shibata et al., 1999). The
ability of rosmarinic acid to act as an antioxidant is linked
with penetration through the cell membrane without
interfering in its structure and permeability, while
decreasing lipid per oxidation (Fadel et al., 2011).
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methanol extract Nepeta rtanjensis. Relative intensities of the main diagnostic MS* fragments of each targeted

compound are presented. Quantitative data are presented as means + se, and expressed as pug/mg dry extract.

Table 2: UHPLC/D AD/+HESI-MS and UHPLC/DAD/AHESI-MS/MS data of targeted phenolics quantified in
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Abbreviations: S-confirmed by standard; R-confirmed by references; HESI- heated electrospray ionisation; MS-mass spectrometry;

Rt-retention time; [M-H] - mass in negative ion mode; m/z-mass-to-charge ratio

Masses used in SRM (selected reaction monitoring) experiments for the quantification of compounds are presented in bold.
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Table 3: Protective effect of N. rtanjensis methanol extract against T3 hormone induced DNA damage

Treatments Concentrations Tain intesity (mean values + SD)
c’ untreated 4.25£1.63
Ts/N.r. 100 uM/0.2 mg/ml 7.70 £ 0.19°
T3/N.r. 100 uM/0.5 mg/ml 10.28 £+ 2.27*
T3/N.r. 100 uM/1.0 mg/ml 12.19 £ 0.57*
T;" 100 uM 13.12 £1.22*
o 100 uM 2491 £291*

C : negative control; T: triiodothyronine; N.r: Nepeta rtanjensis methanol extract; C': positive control (hydrogen peroxide); *
significance in comparison with the negative control (p<0.05), * significance in comparison with the T3 group.

Table 4: Viability of human lymphocytes treated with different methanol extracts of Nepeta rtanjensis and non-

mutagenic effects of the highest concentration.

Type of test Treatments | Concentrations Tail intesity (mean values + SD) /Viability of cells (%)
C untreated 4.25+1.63
N.r. 1.0 mg/ml 5.75+£1.26
Comet Assay T 100 uM 13.12 + 122
o 100 uM 2491 +2.91*
Trypan Blue N.r. 0.2 mg/ml =90
N.r. 0.5 mg/ml 290
N.r. 1.0 mg/ml >90

C: negative control; Tj: triiodothyronine; N.r.: Nepeta rtanjensis methanol extract; C': Positive control (hydrogen peroxide);

*significance in comparison with C- (p<0.05).

CONCLUSION

Antioxidants could be a new therapeutic tool to improve
the clinical manifestation of Graves disease (Guerra et al.,
2001). Considering that N. rtanjensis methanol extract
decreased DNA damage of human lymphocytes induced
by Ts-generated oxidative stress, the plant extract can be
placed in a group of desmutagens with antioxidant
activity. Desmutagens are compounds that interact
directly with mutagens, or their precursors, in order to
deactivate them (Kada et al., 1982). Antioxidant activity
of N. rtanjensis as well as its antigenotoxic, can be
attributed to determined polyphenol complex in
methanolic extract. To the best of our knowledge, this
research also provided the first information about human
lymphocytes DNA damage-reducing ability and non-
genotoxic behavior of Nepeta species. In general, this
study supports the idea (Misic et al., 2005) of the
protection and/or reintroduction of rare plants, through
scientific exploration of possible commercial applications.
Further investigation of N. rtanjensis methanol extract in
different genotoxicological test systems need to be
conducted in order to better understand the underlying
chemopreventive effects against oxidative stress induced
by ROS-provoking genotoxic agents, such as high
concentrations of thyroid hormones.
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