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Abstract: Hyssopus officinalis L. is a well-known aromatic plant used in traditional medicine and the food
and cosmetics industry. The aim of this study is to assess the antioxidant, genotoxic, antigenotoxic and
cylotoxic properties of characlerized hyssop essential oils and methanol extracts. Chemical composition
was analyzed by gas chromatography - mass spectrometry (GC-MS) and liquid chromatography with diode
array detection and mass spectrometry (LC-DAD-MS), respectively. Antioxidant aclivity was examined
by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing/antioxidant power (FRAP) tests; genoloxic
and antigenoloxic activity were examined by the comet assay, while cylotoxicity was evaluated by the 3-
(4.5-dimethylthiazol-2-y)-2,5 diphenyltetrazolium bromide dye (MTT) test against tumor cell lines (SW480,
MDA-MB 231, HeLa) and non-transformed human lung fibroblast cell lines (MRC-5). The essential oils
were rich in monoterpene hydrocarbons (e.g,, limonene; 7.99-23.81%), oxygenated monoterpenes (1,8-
cineole; 38.19-67.1%) and phenylpropanoids (methyl eugenol; 0.00-2833%). In methanol extracts, the most
abundant phenglics were chlorogenic and rosmarinic acid (23.35-33.46 and 353-17.98 mg/g, respectively).
Methanol extracts expressed moderate to weak antioxidant activity (DPPH ICsg = 56.04-199.89 pg/mL,
FRAP = 0.667-0.959 mmol Fe?* /g). Hyssop preparations significantly reduced DNA damage in human
whole blood cells, induced by pretreatment with hydrogen peroxide. Methanol extracts exhibited seleclive
and potent dose- and time-dependent activity against the HeLa cell line. Results of the current study
demonstraled nolable H. officinalis medicinal potential, which calls for further investigation.

Keywords: Hyssopus officinalis; antioxidant activity; anligenotoxic activily; comet assay; cylotoxic
activity; HeLa cell line; essential oil; methanol extract; GC-MS; LC-DAD-MS
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1. Introduction

Hyssop, Hyssopus officinalis L. (Lamiaccae), is a shrubby perennial herbaceous plant,
distributed mostly in the Mediterranean area [1-3]. In Montenegro and Serbia, Hyssopus
officinalis L. subsp. aristatus (Godr.) Nyman (syn. H. officinalis L. subsp. pilifer (Gris. cx
Pant.) Murb.) can be found in plant communities of rocky pastures [2].

Hyssop herb (Hyssopi herba) and its pharmaceutical preparations (infusions, syrups,
tinctures, extracts) have been used in traditional medicine since ancient times as antiseptic,
carminative, diaphoretic, emenagogue, expectorant, muscle relaxant, stomachic and tonic
agents. As an aromatic plant, it is also used in the food and cosmetics industry [4-6].

Essential oil is the most important and the most frequently investigated product of hyssop.
Available literature data on wild and cultivated plants indicate that its herb yields 0.3-1% of
essential oil with isopinocamphone as the dominant compound, along with pinocamphone,
B-pinenc, 18-ineole, pinocarvone, linalool, sabinene and methyl eugenol [7-9]. Beside the
essential oil, hyssop herb contains flavonoids and phenolic acids, tannins, diterpene lactones
(marrubiin) and triterpenoid compounds such as ursolic and oleanolic acid [5,7,10}.

Antimicrobial activity is one of the most commonly examined pharmacological effects of
various hyssop preparations. Extensive experimental evidence also speak in favor of antioxi-
dant [10], antiviral [11], sedative and anxiolytic [12,13], spasmolytic [14], anti-inflammatory [15],
antiulecer [16], anti-asthmatic [17] and antidiabetic activities of the hyssop herb [18]. However,
despite the diversity in scientific information on pharmacological activities of Hyssopi herba and
its preparations, genotoxicity, antigenotoxicity and cytotoxic activity of the essential oils and
polar extracts of this herbal drug are still insufficiently investigated.

In attempt to better understand medicinal potentials of H. officinalis herb in this field,
we designed and performed a set of chemical and physiological investigations on the
plant material collected from five wild-growing populations in Montenegro and on one
commercial sample available in herbal apothecarics in Serbia, and manufactured by a local
enterprise from wild-growing sources.

Hyssopi herba, as an herbal medicinal substance and a raw material for pharmaceutical
and related industries, is neither official in pharmacopoeias, nor listed in the other well-
established documents. Therefore, the question of its pharmaceutical quality still remains
open. Having in mind that growing (for plants harvested from the wild) and /or cultivation
conditions can significantly affect the composition and activity of a given plant, it would
explain the need for sampling at different sites, as well as the use of a commercial sample-
that is something that a person can find, if needed.

Consequently, the main objectives of the present work were to quantify the levels of
in vitro antioxidant activity by commonly used 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
ferric reducing/antioxidant power (FRAP) tests, to assess potential genotoxicity/antigenoto
xicity by comet assay, and to determine the overall cytotoxic, cytostatic and cytocidal effects
against human tumor and non-transformed human lung fibroblast cell lines of investigated
hyssop essential oils and/or extracts, with respect to their chemical composition.

2, Results and Discussion
2.1. Essential Oils Compositions

Produced oils were pale yellowish-green liquids with characteristic pleasant odors.
The yields ranged from 0.4% to 0.79% (v/w) for samples collected from the wild in Mon-
tenegro. However, the highest yield was obtained from the commercial sample (Serbia),
amounling to 1% (v/w). The results of the gas chromatography coupled with mass spec-
trometry (GC-MS) analysis of the essential oils (1EO-6EO) obtained from tested samples of
H. officinalis subsp. aristatus (1-6, Table 1) are presented in Table 2. Overall, 12 to 16 com-
pounds were identified depending on the sample, which is more than 98% of the total oil on
average, with one exception (sample 2EO), where the percentage of identified compounds
was lower (86.84%).
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Table 1. Plant material: arigin, collection data and yields of essential oils and extracts. * Values are the mweans of five conseeutive determunations.
. Essential Dil MeOH Extr.
Plant Material Site of Geographle Altitude Collection Date Voucher % f
Baple Origin Collection Coordinates {m) Habitat (dd!mmiyyyy) Specimen t::'gl:&:;ljd‘ 8 Eﬂ: b
C cial Southeastern
1 sample (Serbia) Serbia N/A NIA N/A N/A N/A 100 1202
Wild-growing N 42°31°55" i
2 (Mont ) Kuti F19°24'07" 8§70 nky 13/04/2018 1420263 040 Y48
Wild-growing 5 N42°5716" " .
a (Muntenegro) Savnik E 19705'59" Lo rucky pastur 197092018 1420261 054 1024
Wild-growing " N 439'25" <
4 {(Montenegro) Piva B E 15°50°46" 730 rocky 14/09/2018 1420162 0.65 9.05
Wild-growing ; N 42°3423"
5 (Montenegro) Piperi E191608" BOO nucky pastune w7/09/2018 142005 oM ] |
Wild-growimg . N 42*3519"
6 (Montencgro) Cuce ShlA ¥20 rucky 12/09/2018 1420260 0.8 964
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Table 2. Essential oil composition of Hyssupus officinalis subsp. aristatus. * Arithmetic retention index.
Amount (%)
tg [min] Al* Compound 1EO 2EO 3EO 41EQ 5EO 6EO
5.517 925 a-Thujene 0.00 0.51 0.00 1.05 1.44 0.00
5.706 932 a-Pinene 2.08 4.13 112 0.53 0.79 1.03
6.762 972 Sabinene 1.86 1.24 0.57 047 0.54 0.56
6.872 976 B-Pinene 6.73 9.13 16.33 15.79 9.69 5.48
7.238 990 B-Myrcene 093 0.46 0.46 0.00 0.43 0.36
8.343 1024 p-Cymene 0.27 1.92 0.00 0.00 0.00 0.28
§5.482 1028 Limonene 799 799 16.11 23.51 2177 1543
8.569 1030 1,8-Cineole 67.10 42.07 9.77 142 38.19 56.08
8.765 1036 Z-B-Ocimene 3.57 294 2.06 1.88 311 3.06
9.142 1046 E-B-Ocimene 027 0.00 0.00 0.00 0.00 0.00
9.531 1057 7-Terpinene 0.31 0.58 0.00 0.00 0.00 0.00
12.592 1138 trans-Pinocarveol 0.23 2.26 0.83 0.54 0.00 0.61
13.463 1159 trans-Pinocamphone 0.00 1.84 M 834 4.72 0.00
13.556 1162 Pinocarvone 0.00 1.20 3.99 1.67 0.00 0.41
14.027 1173 cis-Pinocamphone 115 5.61 22.75 14.72 14.54 0.00
14.961 1196 Myrtenal 0.32 371 1.02 0.66 _ 0.69 0.80
20.403 1325 Myrtenyl acelate 0.00 1.25 0.00 0.00 0.00 0.00
22.856 1384 B-Bourbonene 0.00 0.00 0.00 0.00 0.00 0.31
23,758 1406 Methyl eugenol 5.43 0.00 19.24 28.33 3.52 13.70
24.265 1418 E-p-Caryophyllene 0.47 0.00 0.00 0.00 0.00 0.00
26.771 1480 Germacrene D 0.40 0.00 0.00 0.00 0.00 0.36
Monoterpene hydrocarbons 24.01 289 36.65 43.53 3777 26.2
Oxygenated monoterpenes 68.8 57.94 41.7 27.35 58.14 57.9
Sesquiterpene hydrocarbons 0.87 0.00 0.00 0.00 0.00 0.67
Phenylpropanoids 5.43 0.00 19.24 28.33 3.52 13.70
Total identified 99.11 86.84 97.59 99.21 99.43 u8.47

The dominant group of identified volatiles was monoterpenes (70.88-95.91%). Their
oxygenated derivatives were the most abundant (41.7-68.8%), among which 1,8-cineole
and cis-pinocamphone were found in the highest contents. Only in the sample 4EO, the
content of monoterpene hydrocarbons (43.53%) was higher than the content of oxygenated
monoterpene derivatives. With regard to the monoterpene hydrocarbons, the dominant
constituents were B-pinene and limonene. Methyl eugenol (up to 28.33%), the only com-
pound belonging to the phenylpropanoid group, and sesquiterpene hydrocarbons (up to
0.87%) were present in a lower percentage. Monoterpene hydrocarbons, such as B-pinene,
limonene, Z-B-ocimene, a-pinene, sabinene and the oxygenated monoterpene derivative

myrtenal, were present in all the investigated samples.

The principal component analysis (PCA) confirmed the existence of significant chem-
ical variation in the investigated essential oils. Performed on the entire dataset, PCA
detected five principal components (PCs), with the first three accounting together for more
than 86% of total variance (Figure 1). The constituents of the oils which contribute the most
to the corresponding PCs are listed in Table 51 (Supplementary Material), along with their
loadings and scores. Along the first PC axis, the highest number of significant characters
of separation (factor loadings higher than +0.7) was detected. The second and third PCs

further underscored the chemical variations between samples.

The cluster analysis of entire dataset revealed the similarity in the composition of
essential oils from the commercial sample of H. officinalis and plants collected from the
locality Cuce in Montenegro (Cluster 1), plants collected from localities Kugi and Piperi
(Cluster 2) and plants collected from localities Savnik and Piva (Cluster 3), as shown in
Figure 2. The results indicated that the classification proposed by the PCA and hierarchical

cluster analysis (HCA) are in good agreement.



Plants 2021, 10, 711

Sof!

P AL (22.4%)

Principal Component Plot a
L P P Loading Plat b
L o M
! Myrtenyl scrtate o * tram-Finacarveol
|
& no ! i S oS,
F | * aFlame
| ae * v lerpingns
|
o4
§ * Factirvons
: * D Pwene
?" or | th-Finecsmphons o
= OTHIRES s Pinotamphone
¢ no 3
0l N 3 00 —rmocg !
Mo ‘
$uo 03 » Metmlrugenal &
! % PR Aot | Umonone
Chnecle i
24 "o o4 . 18 P Gourbenena
$uo - lg—ocm
&% L Cayopimtree
i |
f | * Gorruatme D |
4. . “y | . . ' PY I . - p— e a i 8 .
“ & 7 L H 1 L3 ‘0 98 es o4 O} w0 A u©4 oL om 1o
PCAL [420%) reat arav)

Figure 1. Plots of principal component analysis (PCA) scores (a) and loadings (b) along the first two principal components
(PCs) extracted from the dataset of Hyssopus officinalis essential oils from six mutually independent sources, as listed

in Table 2.

Considering the previously reported literature data, numerous compounds havi
formerly been identified in essential oils of hyssop and several chromatographic profile
have been described.

Differences in oil composition (deriving from climatic conditions, the origin of plan
material, subspecies or variety, developmental stages, soil type, cultivation technologie:
extraction methods, etc.) determine its organoleptic and physiological properties, an
hence, its possibilities of application [1,5,7,19-23].

Eudiidean distances

1EO0

Cluster 1
8EQ
2EO0

Cluster 2
5EO0
JEO

Cluster 3
4EO

10 15 20 25 30 as
Linkage Distance

Figure 2. Dendrogram representing the similarity relations of the chemical composition of Hyssopu
ufficinalis essential oils. For this analysis, an entire chromalographic dataset was taken into consider:
tion. Amalgamation rule: single-linkage. Distance metric is Euclidean distances (non-standardized)

The most characteristic and important components of so far investigated H. officinali
essential oils are 1,8-cineole [1,21,22], cis-pinocamphone, trans-pinocamphone and thei
precursor B-pinene [1,19]. Among the other principal constituents, pinocarvone, sabinene
germacrene D, germacren D-4-ol, «-, 8-phellandrene, 4-carvomenthenol, thymol, carvacro
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clemol, limonene, linalool, a-terpinene, myrtenol, myrtenyl acetate and methyl eugenol
were also reported [7).

With regard to the hyssop growing in Serbia, Miti¢ et al. (2000) identified cis-pinocamp-
hone (44.7%) as the most abundant constituent of its essential oil, followed by trans-
pinocamphone (14.1%), germacren-D-11-0l (5.7%) and elemol (5.6%) [19]. Gorunovi¢ et al,
(1995) examined hyssop from the territory of Montenegro. The main constituents were
methyl eugenol (38.30%), limonene (37.40%) and B-pinene (9.6%) [20].

Hajdari A. ct al. (2018) investigated the composition of the essential oil of wild-
growing H. officinalis subsp. aristatus (aerial parts) from five different localitics in Kosovo,
and found that in four out of five samples, the dominant compound was cis-pinocamphone,
with the content ranging between 30.44% and 57.73%. In a sample from one of the localities,
the dominant compound was 1,8-cineole (45.27%). The same authors found that the content
of trans-pinocamphone (14.76%) was significant in one of the samples, as well as that of
B-pinene (23.31%) and caryophyllene oxide (12.66%) [21].

The essential oils oblained from wild-growing H. officinalis L. subsp. aristatus in
Bulgaria in two stages of development (during the flower bud formation and in the full
bloom) were similar in composition, with 1,8-cineole (48.2% and 39.6%), isopinocamphone
(16.3% and 29.2%) and B-pinene (11.4% and 39.6%) as the major constituents. The essential
oil obtained from cultivated H. officinalis contained larger amounts of isopinocamphone
(40.2%), pinocamphone (10.3%) and B-pinene (14.2%), but no traces of 1,8-cineole [22).

In the essential oil of wild-growing H. officinalis subsp. aristatus (aerial parts) native to
Italy, the main compound was linalool (35.3-51.2%), whereas methyl eugenol (7.3-22.7%),
limonene (3.7-4.4%), germacrene D (1.9-4.1%), (Z)-B-ocimene (5.1-5.8%) and (E)-B-ocimene
(2.1-5.3%} were reported as well [5).

Our results revealed three chromatographic profiles in investigated essential oils of
wild-growing plants from Montenegro. The essential oil obtained from plants collected
from the locality Cuce in Montenegro (sample 6EO) was similar with the essential oil of the
commercial sample from southeastern Serbia (sample 1EQ), being high in 1,8-cineole and
relatively rich in B-pinene, but low in cis-pinocamphone. On the other hand, the essential
oils of plants collected from the localities Savnik and Piva in Montenegro (samples 3EO
and 4EQ, respectively) stood out for being high in -pinene, limonene, cis-pinocamphone
and methyl eugenol, but relatively low in 1,8-cineol at the same time. Finally, the essential
oils obtained from the plants collected from the localities Kugi and Piperi in Montenegro
(samples 2EO and 5EQ, respectively) appeared to be relatively rich in 1,8-cineole, limonene,
B-pinene and ¢is-pinocamphone.

2.2. Methanol Extract Compositions and Contents of Total Polyphenols

The results of the liquid chromatography with diode array and mass spectrometry
(LC-DAD-MS) analysis of methanol extracts (1E-6E) obtained from the tested samples of H.
officinalis subsp. aristatus (1-6, Table 1) are presented in Tables 3 and 4. LC-DAD-MS analysis
of methanol extracts of hyssop flowering acrial parts revealed the presence of phenolic
compounds, specifically benzoic acid derivative (syringic acid), hydroxycinnamic acid
derivatives (chlorogenic, feruloylquinic and rosmarinic acids, as well as caffeoyl pentoside)
and flavonoids (derivatives of quercetin and diosmetin). The identified compounds, their
spectral characteristics and their retention times are given in Table 3. The comparative
view of chromatograms of 1E-6E recorded at 320 nm is given in Supplementary Material
Figure S1. It showed that chlorogenic and rosmarinic acids can be considered quantitatively
dominant compounds based on their relative peak areas (%).
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Table 3. Assignment, retention times, UV and MS spectral dal
officinalis subsp. aristatus,

2 of phenolic compounds in methanol extracts of Hyssopus
Identification by comparing with commercial reference compounds.  Tentative identification by

comparing acquired UV and MS spectral data with literature data.

Peak No. tr (min) UV Apax (nm) ESI-MS Data (mn/z) Assignment

1 4.255 280 395.1 [2M-H]-, 197 [M-H]~, 153.1 Syringic acid ®
; T (o T Chlorogenic acid

2 9.107 218, 240, 298 sh, 326 707.1 [2M-H] ", 353.1 [M-H]", 191 Bt eatylquine acil)

3 10.954 218, 238, 298 sh, 328 623.1 [2M-H] -, 3111 [M-H] ", 134.1 Caffeoyl pentoside b

i 12.087 218, 238, 296 sh, 326 735.2 [2M-H]~, 367.1 [M-H] ", 173.1 Feruloylquinic acid ¥

5 15.339 2506, 266 sh, 356 463.1 [M-H] ™, 300.1 Quercetin O-hexoside ©
= 2 Diosmetin

6 21 5 i -I L

h 17.215 252, 266, 348 607.2 [M-H]"~, 299.1, 284 O-deoxyhexosy]-hexoside b

7 18.461 286 sh, 328 719.1 [2M-H] -, 359 [M-H]~, 197, 161.1 Rosmarinic acid @

Table 4. Content of tolal phenols, chlorogenic acid and rosmarinic acid in me

thanolic extracts of Hyssopus officinalis subsp.

aristatus. Different letters in the superscript indicate statistically different values at p < 0,05,

Sample Total Phenols (mg GAE/g) Chlorogenic Acid (mg/g) Rosmarinic Acid (mg/g)
1E 747 £ 0.8¢ 2335+ 022 13.71 £ 0.194
2E 682080 3094 % 0.11¢ 535+ 0.02b
3E 64.1 4139 2412 = 0.110 353+ 0,037
4E 112.0 £ 1.6° 33.46 : 0.08° : 17.98 £ 0.25¢
5E 81.8 = 0.84 3317 4 01°¢ 4.97 +0.12°
6E 69.0 +03° 30.19 £ 0.1¢ 8.13 £ 0.04¢

Identified phenolics were present in all extracts, regardless of the site of the plan
material collection. Variability was reflected through relatively small differences in th
concentrations of individual constituents. The content of chlorogenic acid was in the rang
between 23.35 and 33.46 mg/g, whereas rosmarinic acid was present in lower amount
(3.53-17.98 mg/g) (Table 4). Among the analyzed preparations, sample 4E was the riches
in chlorogenic and rosmarinic acids.

The results are in good agreement with the literature data. Previous studies of ethano
and deodorized aqueous extracts of the aerial parts of wild-growing H. officinalis subsg
aristatus (originating from central Italy and eastern Serbia) showed the presence of chlorc
genic acid, rosmarinic acid, 4-O-feruloylquinic acid and syringic acid [1,5]. Flavonoid:
isoquercitrin (quercelin 3-O-glucoside) and diosmin (diosmetin 7-O-rutinoside), were alsc
previously delected in extracts of hyssop herb [10,24]. In a study conducted by Borrell
et al. (2019), ethanol macerate of the hyssop aerial parts was chemically analyzed anc
the occurrence of caffeoyl pentoside, a hydroxycinnamate derivative, was confirmed [25
In addition, a phenylethanoid glycoside martynoside was reported as a constituent of F.
scravshanicus [26]. The findings of other authors regarding the quantitative compositior
of different extracts of hyssop herb are consistent with the presented results. Namely
Venditti et al. (2015), as well as Hatipoglu et al. (2013), demonstrated that the content o
chlorogenic acid is the highest among the quantities of phenolics [5,27]. Detailed analysi:
indicated that the contents of chlorogenic acid in the examined samples were 4-5 time:
higher than the corresponding values formerly reported, whereas the rosmarinic acic
contents were closer to the literature values. However, certain variations can be expectec
and explained by a number of factors, e.g., differences in the extraction solvent used, thy
extraction methodology, the origin of the plant material and /or the developmental stage o
the plant during collection.

The contents of total polyphenols (TPC) in tested samples ranged between 64.1 anc
112.0 mg GAE/g (Table 4). The highest TPC was determined in sample 4E (112 mg GAE/g)
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whereas the lowest one was obtained in sample 3E (64.1 mg GAE/g). The sample richest
in chlorogenic and rosmarinic acids was also the richest in total polyphenols. The order of
the remaining extracts, by the decreasing TPCs, was: 5E > 1E > 6E > 2E.

Previous studies have yielded variable results, which is expected given that TPC can
be affected by numerous factors. Namely, reported values for TPC in several different
preparations of H. officinalis aerial parts were in a wide range, between 2.69 and 497.6 mg
GAE/g [1,10,21,25,28].

2.3. Antioxidant Activity

Dry methanol extracts (1E-6E) of hyssop herb exhibited notable antioxidant activity
in DPPH and FRAP assays (Table 5).

Table 5. ‘Total antioxidant activity and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity in methanolic extracts of Hyssopus officinalis subsp. aristatus. Different letters in the superscript
indicale statistically different values al p < 0.05.

Sample DPPH-ICsq (jg/mL) FRAP mmol Fe?t/g
1E 88.42 - 3.48 9 0.815 & 0.012 b
2E 17541 £ 292¢ 0.781 £ 0.012 2®
3E 199.89 - 0.60 0.667 & 0.004°
4E 56.04 + 0.19Y 0,959 £+ 0.003 ¢
5E 79.37 4+ 151 ¢ 0.877 = 0.007 b
6E 87.90 + 0.67 9 0.736 + 0.023 2b

Rutin 1,67 + 1410 4.111 + 0.0253 ¢
Ascorbic acid - B.181 £ 0.136 ¢

The lowest ICsy value, i.e., the best ability to neutralize DPPH radicals, was shown for
the extract 4E (56.04 pg/mL), followed by 5E (79.37 ug/mlL), whereas the lowest activity
was observed in the case of 3E (199.89 ug/mL).

These results correlate well with the values of total antioxidant activity estimated
by the FRAP assay. Namely, the highest FRAP value was obtained for the 4E extract
(0.959 mmol Fe?* /g), followed by the 5E extract (0.877 mmol Fe?* /g), whereas the lowest
value was demonstrated for the 3E extract (0.667 mmol Fe2+ /g).

The data obtained in antioxidant assays correlate well with the contents of total
polyphenols, which are known as constituents that contribute to the antioxidant activity of
the plants. With regard to extracts 1E, 2E and 6E, there was no such strong link between
the antioxidant activity and total polyphenol contents as there was with the aforemen-
tioned extracts. Compared to standard substances (rutin and ascorbic acid), tested hyssop
preparations were less effective in DPPH radical scavenging and in the reduction of ferrous
ion-2,4,6-tri(2-pyridyl)-s-trinzine complex (Table 5).

Taking into account the presented results, it can be concluded that moderate antioxi-
dant efficacy (ICsq < 100 pg/mL) was demonstrated for four of the six analyzed samples,
with the best activity shown for sample 4E.

Literature reports on hyssop aerial parts preparations indicate considerable variability
in ICsp values (25-2970 pug/mL) obtained in the DPPH test [1,10,25,28], which could be
expected as the geographical origin of plant material, extraction procedures and antioxidant
activity test protocols differ. With regard to the total antioxidant activity, Stankovic et al.
(2016) examined methanol extract of vegetative parts of H. officinalis from southeastern
Serbia and found its FRAP value to be 0.73 mmol Fe?* /g [29]. The current study FRAP
value is in good agreement with this reported value, as it ranged from 0.667 mmol Fe?* /g
to 0.959 mmol Fe?*/g. The chemical composition may help explain the documented
antioxidant activity. Namely, earlier published papers provide evidence that the dominant
campounds of the tested extracts (chlorogenic and rosmarinic acids) exhibit significant
efficacy in neutralizing DPPH radicals and reducing the ferrous ion complex [30-34].
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2.4. Genotoxic and Antigenotoxic Activity

Potential genotoxicity and antigenotoxicity of methanol extracts and essential oils of
hyssop herb were assessed using the Comet assay,
2.4.1. Genotoxic Activity

Hyssop herb extracts did not exhibit a genotoxic effect at concentrations 100, 200 and
400 pg/mL (data not shown). With regard to the essential oils, the genotoxic effect did not

manifest at the lowest tested concentration (2.5 pg/mL). These results were used to select
concentrations for antigenotoxic activity testing.

2.4.2. Antigenotoxic Activity

At 400 pg/mL, all tested H. officinalis extracts significantly (p < 0.0001) reduced DNA
damage in human peripheral blood leukocytes, induced by the pretreatment with hydrogen
peroxide (Figure 3).

30+

10+

PBS H:0:2 Hz20:2
+ +
PBS 1E 2E 3E 4E 5E 6E

Moan numbar of colls with DNA damago

Figure 3. Antigenotoxic properties of methanol extracts of H. officinalis subsp. aristatus (1E-GE)
against DNA damage in human peripheral blood leukocytes, induced by hydrogen peroxide (H;0,)
in post-treatment protocol. Bars represent the mean value of cells with DNA damage # standard

error of the mean (SEM) versus the control treated with H03 (1 = 3). PBS: phosphate-buffered saline
solution. *** p < 0.0001,

A decrease in the mean number of cells with DNA damage was the most pronounced
for extracts 2E and 4E; however, there were no major differences in the antigenotoxic
activity among the tested extracts. Similarly, Borrelli et al: (2019) indicated that the ethanol
extracts of aerial parts of wild-growing H. officinalis subsp. aristatus, native to southern
Italy, did not display genotoxicity, but counteracted DNA damage in Caco-2 cells caused
by hydrogen peroxide [25]. The notable antigenotoxic activity of the tested extracts can
be attributed at least in part to the significant content of polyphenols and their ability
to neutralize free radicals. Chlorogenic and rosmarinic acids, as dominant compounds
in the examined preparations, could be important for the observed activity, considering
that earlier published data have shown that these compounds are effective in the Comet
test [35,36).

The statistically significant antigenotoxic activity of the essential oils of hyssop aerial
parts, applied at the concentration of 2.5 ng/mL, was revealed in the post-treatment. The
best activity was shown for the essential oil 4EO (p < 0.0001), followed by commercial
sample 1EO (p < 0.001), whereas other samples (2EO, 3EO, SEO and 6EO) exhibited weakaer,
but statistically significant activity (p < 0.01) (Figure 4).
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Figure 4. Antigenotoxic properties of essential oils of H. officinalis subsp. aristatus (1EO-6EQ) against
DNA damage in human peripheral blood leukocytes, induced by HQ3 in post-treatment protocol.
Bars represent the mean value of cells with DNA damage - standard error of the mean (SEM) versus
control treated with HyO3 (1 = 3). PBS: phosphate-buffered saline solution. * p <001, p <0.001,
% p < 0.0001.

The dominant compound in the 4EO was phenylpropanoid methyl eugenol. With
regard to the 1EQ, 2EQ, 5EO and 6EQ samples, the dominant constituent was an oxy-
genated monoterpene 1,8-cineole, whereas cis-pinocamphone was present in the highest
amount among components of 3EQ. For methyl eugenol [37] and 1,8-cincole [38], there are
literature data that confirm their ability to neutralize free radicals, which could contribute
to the antigenotoxic effect. The beneficial action of essential oils could be based on their
participation in the direct neutralization of free radicals, but also their contribution to DNA
molecule repair.

These results show that hyssop extracts and essential oils exhibit statistically significant
antigenotoxic activity. Therefore, conduction of in vivo tests is needed to estimate the
potential of H. officinalis preparations more reliably.

2.5. Cytotoxic Activity

A cylotoxic agent can induce cell death when it leads to cell demise or, on the other
hand, it can cause reproductive cell death, inhibiting cell growth and proliferation, while
the cell remains alive. This study aimed to determine the overall cytotoxic potential,
cyloslatic and cytocidal effects of extracts (1E-6E) against human tumor cell lines (5W480,
MDA-MB 231 and HeLa). Additionally, these effects were examined on non-transformed
human lung fibroblast cell line (MRC-5),

Cytotoxic effects of these extracts were examined in a range of seven concentrations
after 24, 48 and 72 h of treatment by 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium
bromide dye (MTT) colorimetric assay. MTT assay is a method that indirectly determines
cell viability. MTT is a water-soluble yellow-colored crystal that easily passes through
the cell membrane because of its positive charge. In metabolically active cells, MTT is
reduced to non-soluble purple formazan crystals. Mitochondrial reductase (succinate
dehydrogenase), active only in viable cells, catalyzes this reaction, so the reduction of the
original compound to formazan is directly proportional to the number of viable cells. The
obtained results are represented as dose-response curves (Supplementary Figure S2) and
ICsq, SI (Table 6) parameters.
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Table 6. Concentrations of extracts (jg/mL) that induce inhibition of biological activity in 50% cells (ICsq), 50% growth
inhibition (Glsp), total growth inhibition (TGI) and 50% lethality (LCsq) in the HeLa cell line, expressed as X = 5D, SI:

selectivity index.

Hela 1E 2E 3E 4E 5E 6E
24 h >100 >100 >100 >100 >100 >100
ICso 48 h 2724353 16974210 44384196 1674 +143 2590 +£460 2532 = 7.80
72h 1953£1.03 1515+ 172 3343+136 1497£078 1873 £053 2004 < 510
24 h 097 152 171 131 1.10 3.61
si 48h 14.19 20.14 12.08 19.61 8.34 11.87
72h 12.17 13.87 8.30 15.04 1131 7.82
24 h 695095 6004031 980941108 556=018  7.67+145  7.46 £ 0.99
Glsp 48 h 4914084 3492046 6564 £366 254045 5614122 5754068
72h 0.86 + 0.51 <03 59.38 4 1.85 <03 497 £054 476 + 052
24 h 1690 + 4.96  14.67 + 0.58 >100 1291 £ 044 47254566  27.55 & 1.89
TGI 48 h 1360 £ 1.75  11.00 056 >100 918+ 059 1990 +438 1677 + 1.52
72h 1327 £133  1.69 036 >100 <03 1842357  13.63 +1.26
24h >100 >100 >100 >100 >100 >100
KCis 48 h 61.09 £ 1615  35.65 + 1.16 >100 27.07 4 1.56  63.66 1230  41.15 & 6.75
72h 43.19 £ 1003 26.02 +2.88 >100 2028 4 1.10  60.65::159  31.20 + 593

The data revealed that extracls 1E-6E displayed a statistically significant percentage
of growth inhibition in a dose-dependent manner on all designated cell lines after 48 h and
72 h (p < 0.05); however, that trend was not noticed after 24 h of treatment (p > 0.05). Time-
dependent growth inhibition was present only on the HeLa cell line with high statistical
significance (p < 0.0001), while a significant time-dependent effect was revealed only at
the highest examined concentration on MRC-5 and MDA-MB 231 cells (p < 0.05). On the
other hand, the increase in growth inhibition of the SW480 cell line was independent of the
exposure period.

To evaluate the overall inhibitory potential of the examined extracts, we calculated
ICsp as a parameter of growth inhibition in relation to the control, which did not take
into account the initial cell number at time zero. Examined extracts showed very low
overall inhibitory activity against healthy cell line MRC-5, but also against the SW480 and
MDA-MB 231 tumor cell lines, because their ICsg values exceeded the highest examined
concentration (data not shown). On the other hand, the HeLa cell line was susceptible
to their effect with high overall inhibition indicated by low ICsg values. Extracts 2E and
4E exhibited the strongest overall inhibitory activity after 48 h and 72 h of treatment,
followed by extracts 1E, 5E and 6E, while extract 3E had the highest ICs5q. Regardless,
there was no slalically significant difference among the tested extracts. Importantly, the
extracts displayed activity highly selective for HeLa cells with selectivity index (SI) values
that ranged between 8 and 20. Antitumor activity of most clinically applied agents is
restricted because of their large spectrum of side effects and general toxicity, including to
some normal cells. Although scientists continue to develop compounds with a targeted
mechanism of action, many of those compounds still lack selectivity for tumor cells [39]. In
that term, natural products are considered as less toxic for normal cells and as a biologically
friendly approach, as evidenced by the large number of extracts and secondary metabolites
in clinical trials [40].

Further, according to National Cancer Institute (NCI) recommendations [41], we
calculated three parameters to disclose whether the examined extracts had cytostatic
(Glsg, TGI) or cytocidal (1.Csp) effects on designated cell lines (Table 6). The calculated
parameters showed low to absent cytostatic or cytocidal activity of tested extracts 1E-
6E against the SW480 and MDA-MB 231 cancer cell lines and, importantly, against the
non-transformed cell line MRC-5 (data not shown). Contrarily, on the HeLa cell line,
all examined extracts acted as very potent inhibitors of net cell growth with very low
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Glsg values, especially extracts 2L and 4E, which exhibited a net cell growth inhibition
for 50% of cells at concentrations lower than the minimum concentration examined after
72 h of treatment (Glsg < 0.3 pg/mL). Extracts 1E, 5E and 6E exhibited a net cell growth
inhibition of 50%, with similar potency as the previous extracts. Compared to the extract of
commercial hyssop herb (1E), only extract 3E had lower cell growth inhibition activity with
a high statistical significance (p < 0.0001). The same trend was present in the perspective of
total growth inhibition and cytocidal activity. Namely, extracts 2E and 4E provoked strong
cytostatic effect after 72 h of treatment with TGI values of 1.69 ug/mL and <0.3 pg/mL,
respectively. Also, LCsq values of these extracts were significantly lower than for other
extracts (p < 0.05), indicaling their potent cytocidal nature. Extracts 1E, 5E and 6E followed
the same trend. The tumor grows when the total rate of division of its cells exceeds the
total mortality rate. The ability to grow uncontrollably is gained through the accumulation
of mutations of genes that manage cell proliferation and cell death, Therefore, the agents
that can override these defects, stop uncontrolled cell division and kill cancer cells are
beneficial in cancer treatment. Tested extracts 1E, 2E and 4E-6E showed, along with high
selectivity, a potent ability both to inhibit cell proliferation and to induce cell death in a
human cervical cancer cell line. Therefore, those extracts and their compounds should be
further examined for their possible application in the therapy of this type of cancer.

The dominant compounds in the extracts are, as mentioned above, chlorogenic and
rosmarinic acids, whose cytotoxic potential has been reported earlier [42,43]. The extract
4E had the highest content of chlorogenic and rosmarinic acids, as well as total phenolic
compounds, while the extract 3E, which exhibited the weakest cytotoxic activity compared
to other tested extracts, had the lowest contents of total phenols and rosmarinic acid. On
the other hand, the extract 2E, which also gave very good results in this study, together with
the extract 4E, was distinguished neither by the content of total phenols nor by chlorogenic
or rosmarinic acids. The extracts 2E and 4E also showed antigenotoxic activity in the
comet assay (post-treatment protocol). Therefore, we can conclude that chlorogenic and
rosmarinic acid probably contributed to the overall cytotoxic potential of the methanol
extract of hyssop herb. The contribution of individual components of the extract and /or
their synergistic/additive action to selective cytotoxicity against HeLa cells is of particular
interest and should be further investigated in the future.

3. Material and Methods
3.1. Chemicals and Reagents

The acetonitrile and methanol for the chemical analysis and antioxidant activity
testing were from ].T. Baker Chemicals Co. (Phillipsburg, NJ, USA); formic acid, 2,4,6-
tris(2-pyridyl)-s-triazine (TPTZ), 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferrous sulphate,
Folin-Ciocalteu (FC) reagent, ferric chloride and gallic acid were purchased from Sigma-
Aldrich (St. Louis, MO, USA); L-ascorbic acid was procured from Acros (Geel, Belgium),
whereas rosmarinic acid (299%), chlorogenic acid (>97%) and rutin were supplied by Carl
Roth (Karlsruhe, Germany). Solvents used for the LC-DAD-MS analysis were of LC-MS
grade, whereas the other solvents and reagents were of analytical purity.

For determination of genotoxic and antigenotoxic activity, phosphate-buffered saline
solution (PBS) was purchased from Fisher Scientific (Pittsburgh, PA, USA); hydrogen
peroxide was purchased from Zorka Pharma (Sabac, Serbia), low-melting-point agarose
(LMPA) and normal-melting-point agarose (NMPA) were purchased from Sigma-Aldrich
(St. Louis, MO, USA).

For the investigation of cytotoxic activity, Dulbecco’s modified Eagle medium (DMEM),
heat-inactivated fetal bovine serum (FBS), L-glutamine, non-essential amino acids, dimethyl
sulfoxide (DMSQ), penicillin and streptomycin, as well as a trypsin and ethylenediaminete-
traacetic acid (EDTA) combination dissolved in phosphate-buffered saline (PBS) were
purchased from Sigma Aldrich (St. Louis, MO, USA). Finally, 3-(4,5-dimethylthiazol-2-yl)-
2,5 diphenyltetrazolium bromide dye (MTT) was purchased from Sigma Aldrich (St. Louis,
MO, USA).
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3.2. Plant Material

The flowering aerial parts of Hyssopus officinalis subsp. aristatus (Godr.) Nyman were
collected from five localities in the territory of Montenegro (Table 1).

Identification of the plant material was carried out according to the Flora Europaca [44],
Voucher specimens (Table 1) were deposited in the herbarium of the Faculty of Natural
Sciences and Mathematics in Podgorica (Montenegro), Department of Biology (TGU). The
collected plant material was air-dried at room temperature.

In addition, a commercial sample of hyssop herb was purchased from a local produc-
tion enterprise in Serbia. Commercial material was produced from the wild-growing plants
collected from the sites located in southeastern Serbia (Pirot and Nisava Districts).

Prior to hydrodistillation or extraction, dried plant material was ground to a coarse powder

3.3. Essential Oil Isolation

Essential oils were isolated from the plant material by hydrodistillation in a clevenger-
type apparatus, according to Procedure I of the Pharmacopoea Jugoslavica 1V (1984), suitable
for isolalion of essential oils lighter than water [45].

For calculating the yield of essential oils (%, based on the dry weight of the plant
material), five consecutive volumetric determinations were performed.

The essential oils were kept at 4 °C in amber glass vials that were tightly closed and
protected from light.

3.4. Extraction Procedure

Methanol extracts were prepared by bimaceration, according to the Pharmacopoea Ju-
goslavica IV (1984) [45]. Obtained methanol extracts were brought to dryness using a rotary
evaporator under reduced pressure and a temperature below 50 °C, and subsequently, by a
stream of nitrogen. Prior to analysis, the extracts were stored at 4 °C in tightly closed glass
jars. The extracts were reconstituted just before the analysis by the addition of methanol up

to the concentration of 5 mg/mlL and filtered through a 0.45 pm membrane filter (Captive
Syringe Filters, Agilent, Germany).

3.5. GC-MS Analysis of Essential Oils

Qualitative and semi-quantitative chemical analysis of essential oils was performed by
gas chromatography coupled with mass spectrometry (GC-MS) on an Agilent Technologies
6890 Series gas chromatograph.

A 0.2 uL aliquot of each essential oil solution (10 pL/mL in hexane) was injected
in split mode, with a split ratio of 1:20, at the temperature 220 °C. The components
were separated on a nonpolar poly (tetramethyl-1,4-sulfenylenesiloxane) FIP-5ms column
(Agilent Technologies; 30 m x 0.25 mm, layer thickness 0.25 pm). The column was eluted
in the temperature-programmed mode: initial temperature 60 °C, increase 3 °C/min to
246 "C (total analysis time 62 min). High-purity helium (5.0) was used as the carrier gas with
a constant flow of 0.9 mL/min. The effluent was transferred to the Agilent Technologics
5975 series electron ionization mass spectrometer via a transfer line maintained at 280 °C
The parameters of the mass spectrometer were as follows: electron energy 70 eV, ion source
temperature 230 °C, quadrupale temperature 150 °C. Acquisition scan mode was applicd
in the range m/z 35-400 with a solvent delay of 2.30 min. To achieve a better agreement
between the experimental and library spectra, the standard spectra tune was used.

Acquired data were processed using Agilent Technologies MSD ChemStation software
(revision E01.01.335) in combination with NIST MS Search software (ver. 2.0d). The
spectral libraries Wiley Registry of Mass Spectral Data [46], NIST/EPA /NIH Mass Spectral
Library [47] and Adams’ mass spectral library of essential oils (3rd Edition) [48] were used
to identify mass spectra. The identity of the compounds was demonstrated by comparing
the MS spectra and linear retention indices with the literature data. The relative proportion

of compounds was determined using the area standardization method and expressed
as area %.
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3.6. LC-DAD-MS Analysis of Methanol Extracts

Liquid chromatography with diode array and mass spectrometry (LC-DAD-MS) was
carried out on Agilent LC/MS System 1260/6130 (Agilent Technologies, Waldbronn, Ger-
many), equipped with ChemStation software Rev. B.04.03-SP1, a degasser (model G1311B),
a quaternary pump (G1311B/1260), an autosampler (G1329B), a diode array detector (DAD)
(G4212B), a single quadrupole atmospheric pressure ionization - electrospray ionization
(API-ESI) mass selective detector (MSD) (6130) and a reverse-phase column Zorbax SB-Aq
(150 x 3.0 mm; particle diameter 3.5 pm, Agilent Technologies), maintained at an operating
temperature of 25 °C.

The mobile phase consisted of 0.1% aqueous formic acid (phase A) and acetonitrile
(phase B). The following gradient elution program was used: 10% B to 35% B (0-20 min),
35% B to 90% B (20-24 min), 90% B (24-25 min) and 90% B to 10% B (25-30 min), at a total
operating time inlerval of 30 min, a mobile phase flow rate of 0.35 mL/min and an injection
volume of 3.00 L. UV spectral data of all peaks were collected in the range 190 to 640 nm,
and chromatograms were recorded at 210, 270, 320 and 350 nm. API-ESI in the negative
polarity and the range m/z 100~1000 was used for analyte ionization. The parameters of
the ion source were as follows: fragmentation voltages 100 and 250 V, drying gas flow
(nitrogen) 10.0 L/min, drying gas temperature 350 °C, nebulization pressure 40 psi and
capillary voltage 3500 V.

The compounds were identified by comparing their UV and MS spectral data, and the
retention times (Rt) with the corresponding data obtained for the standard compounds un-
der the same chromatographic conditions, as well as by comparing the data with previously
published literature data.

The contents of chlorogenic and rosmarinic acids were determined using the external
standard method at 320 nm.

Stock solutions of chlorogenic acid (0.4 mg/mL) and rosmarinic acid (0.5 mg/mL)
were prepared by dissolving the reference substances in methanol and their subsequent
filtration through a syringe filter (0.45 M, Captiva, Agilent). By further dilution with the
same solvent, calibration standards with a wide range of concentrations were prepared.
This procedure (including the preparation of stock solutions) was repeated three times so
that three measurements were made for each calibration point. Calibration curves and
coefficients of determinalion were obtained by lincar regression analysis. Limit of detection
(LoD) and limit of quantification (LoQ) were calculated according to the International
Conference on Harmonization guidelines [49].

Chlorogenic acid calibration curve (y = 26733x + 70.594, R? = 0.9998; linearity range
0.02-0.4 mg/mL; LoD = 0.005 mg/mL; LoQ = 0.015 mg/mL) and rosmarinic acid
(y = 18000x + 39.94, R? = 0.9998; 0.00625-0.5 mg/mL; LoD = 0.003 mg/mL; LoQ =
0.010 mg/mL) were used for contents determination.

3.7. Total Phenols

The contents of total phenolic compounds in dry methanol extracts were determined
using Folin-Ciocalteu (FC) reagent according to the method described by Velioglu etal. [50].
The results were expressed as mg of gallic acid equivalents (GAE) per g of dry extract (mg
GAE/g) and represent the mean value of the three consecutive measurements.

3.8. Anlioxidant Activity

The antioxidant activity of investigaled extracts was assessed by a set of two commonly
used tests: DPPH radical scavenging assay and FRAP assay.
3.8.1. DPPH Assay

The DPPH radical scavenging assay was carried out according to the methodology
described by Kuki¢ et al. [51] with slight adaplations that were necessary for conducting
the assay on microtiter plates.
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The methanol solutions of the tested hyssop extracts were prepared in different con-
centrations, along with the standard methanol solutions of rutin. The test solution consisted
of a mixture of 0.1 mL of the methanol solution of tested extract, 0.1 mL of methanol and
0.05 mL of 0.5 mM methanol solution of DPPH. The mixtures were shaken vigorously and
incubated for 30 min in the dark at room temperature. The absorbances were measured at
492 nm against methanol as a blank test on Biochrom EZ Read 400 microtiter plate reader.
The negative control consisted of 0.2 mL of methano! and 0.05 mL of 0.5 mmol/L DPPH
solution. DPPH inhibition was calculated according to the following formula:

[(%) = (Ac — At)/Ac x 100 (1)

where Ac is the absorbance of the control and At is the absorbance of test solutions.

The results are expressed as half-maximum inhibitory concentration (ICsg values;
ng/mL) values, which denote the concentrations that neutralize 50% of DPPH radicals and
are the mean values of the three consecutive determinations.

3.8.2. FRAP Assay

The total antioxidant activity of dry methanol extracts of hyssop herb and standard
solutions was determined using the ferric reducing/antioxidant power (FRAP) assay,
essentially as described by Pellegrini et al. (2003) [52].

In brief, the test, standard (rutin, 0.1 mg/mL; ascorbic acid, 0.05 mg/mL) or control
solutions were transferred (0.1 mL) into test tubes and 3.0 mL of ex tempore prepared
FRAP reagent (25 mL acetate buffer, 300 mmol/L, pH 3.6 + 2.5 mL 10 mmol/L TPTZ in
40 mmol /L HCl + 2.5 mL 20 mmol/L FeCly x 6H>0) was added. The absorbances were
recorded at 593 nm against a blank containing 0.1 mL of solvent after 30 min incubation at
37 °C. FRAP values were calculated from the calibration curve of FeSO4 x 7H,0 solutions,
covering the concentration range between 100 and 1000 pmol/L, and expressed as mmol
Fe?* /g dry extract (mmol Fe* /g). All measurements were performed in triplicate.

3.9. Genotoxic and Antigenotoxic Activity

Peripheral blood samples from three volunteer subjects (21-35 years of age), were
collected using a method of finger extraction into heparinized containers and immediately
subjected to the experiment. The subjects were non-smokers and they had taken neither
medications nor alcohol and dietary supplements. They signed their written consent,
in accordance with the regulations of the ethical standards of the Ethics Committee for
Biomedical Investigations at the Faculty of Pharmacy in Belgrade.

Dry methanol extracts of the hyssop herb were dissolved in the phosphate-buffered

saline solution (PBS); the essential oils were dissolved in absolute ethanol and then diluted
with PBS.

3.9.1. Genotoxic Activity Assay

Human whole blood cells (WBC) were incubated with different concentrations of
essential oils (12.5, 5 and 2.5 pg/mL) or methanol extracts of hyssop herb (100, 200 and
400 pg/mL) for 30 min at 37 °C. Tested concentrations were selected on the basis of the
literature data [53,54]. The samples were treated in parallel with a negative control of
PBS for 30 min at 37 °C, as well as with a positive control of hydrogen peroxide (H,0,,
50 uM) for 20 min at 4 °C and PBS for 30 min at 37 °C. A concentration of 50 M H,0,

was the lowest one that induced a statistically significant increase of DNA damage in the
tested cells.

3.9.2. Antigenotoxic Activity Assay

The antigenotoxic activity of extracts or essential oils (which did not show activity
in the genotoxicity assay) was analyzed in the post-treatment [55,56]. WBC were treated
with F;O; for 20 min at 4 °C and washed with PBS; afterward, they were incubated
for 30 min at 37 °C with tested essential oils/methanol extracts. The concentration of
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400 pg/mL was chosen for further testing, because it was the most effective concentration
in the antigenotoxic assessment of commercial extract. The attenuation of H>0;-induced
DNA damage in human peripheral blood leukocytes in the post-treatment with EO was
assessed using the concentration that did not induce a statistically significant increase of
DNA damage in the tested cells in the genotoxicity assessment (2.5 pg/mL).

3.9.3. Comet Assay

The comet assay (single-cell gel electrophoresis), which is normally used to detect
DNA damage, was performed according to the protocol described by Singh et al. (1988),
called the alkaline method, according to which DNA breaks and alkaline labile sites are
delected, while the degree of DNA damage is indicated by the extent of DNA molecule
migration [57].

A quantity of 100 uL of the test suspension, containing 6 uL of peripheral blood
suspended in 0.67% of LMPA, was evenly applied to the prepared microscopic plates
coated with a layer of 1% NMPA. Cover glasses were placed on the plates and then left at
4 °Cfor 5 min. The cover glasses were slowly removed and the cells were exposed to the
appropriate treatment (as previously described for genotoxic or antigenotoxic activities).
After treatment, the third layer of 100 uL of 0.5% LMPA was applied, cover glasses were
placed and the plates were again left at 4 °C for 5 min. The cover glasses were again
carefully removed, the microscope plates were immersed in lysis solution (2.5 M NaCl,
100 mM EDTA, 10 mM Tris, 1% Triton X100 and 10% DMSO; pH 10 adjusted with NaOH)
and kept at 4 °C overnight. After cell lysis, DNA denaturation was performed in the same
solution that was later used for electrophoresis for 30 min (10 M NaOH, 200 mM EDTA,
pH > 13).

Electrophoresis was performed at 25 V and 300 mA for 30 min. After electrophoresis,
alkali neutralization in gels was performed by rinsing twice with a neutralizing buffer
(0.4 M Tris, pH 7.5) for 10 min, and then with distilled water. After rinsing, the comet was
stained and visualized with fluorescent dye-cthidium bromide solution (20 pg/L). After
staining (15 min), the plates were ready for analysis.

All experiments were done three times, in duplicate.

To determine the degree of DNA damage for each donor and each concentration,
200 nucleoids (comets) were selected and analyzed by random selection, or 100 from each
duplicate microscope plate, using an Olympus BX 50 fluorescent microscope (Olympus
Optical Co., GmbH, Hamburg, Germany) with a mercury short arc lamp (HBO) (50 W,
516-560 nm Carl Zeiss Microscopy, Jena, Germany) at 100 x magnification.

The analysis was performed by determining the length and density of DNA in the
“tail” based on which of the nucleoids (comets) were classified into five groups, as described
by Anderson et al. (1994) [58): A—vithout the “tail” (<5% DNA damage), B—low degree of
damage (5%~20%), C—medium degree of damage (20%~40%), D—high degree of damage
(40%~95%) and E—complete DNA damage (>95%). The degree of total DNA damage was
expressed as the sum of all DNA damage/migrations over 5% (B + C + D + E).

3.10. Investigation of Cytotoxic Activity of Hyssop Herb
3.10.1. Cell Lines and Cultures

The potential cytotoxic effect of methanolic extracts was examined on the human
cervix (HeLa), breast (MDA-MB 231) and colon (SW480) cancer cell lines, while their
selectivity was tested on non-transformed human lung fibroblasts (MRC-5). Cell lines were
obtained from American Type Culture Collection (ATCC).

Cells were cultured in DMEM at pH = 7.4, enriched with 10% heat-inactivated FBS,
L-glutamine, non-essential amino acids (0.1 mM), penicillin (100 IU/mL) and streptomycin
(100 pg/mL). Cultivation was performed in T-25 flasks (ThermoFisher Scientific, Waltham,
MA, USA) in an aseptic environment under standard culture conditions (37 °C, absolute
humidified air and 5% COj3). The media were changed when necessary and cells were
subcultured every fifth day. Just before in vitro experiments, subconfluent cell monolayers
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(~80%) in the logarithmic growth phase were detached from the bottom of the flask t

short-term treatment with 0.25% trypsin and 0.53 mM EDTA combination dissolved i
phosphate-buffered saline.

3.10.2. Extract Solutions

The stock solutions were prepared by dissolving methanol extracts in DMSO ;
50 mg/mL and stored at 4 °C. Preceding the treatment, fresh working solutions of the e
tracts at different concentrations were prepared by diluting stock solution in supplemente
DMEM. The final DMSO concentration in working solutions was lower than 0.5% (v/0).

3.10.3. MTT Assay

The cytotoxic polential of the extracts against HeLa, MDA-MB 231, SW480 and MR
5 was evaluated in vitro by MTT assay as a common colorimetric technique for cell viabilil
determination [59].

The cells were seeded in 96-well flat-bottom microtiter plates (ThermoFisher Scientifi
Waltham, MA, USA) at a density of 5 x 103 cells per well and incubated overnight
adhere. After 24 h, the supernatant was replaced with extract solutions at seven differer
concentrations (0.3, 1, 3, 10, 30, 100 and 300 kg/mL). In the control wells, cells grew in tk
presence of supplemented nutrient media only. The cells were incubated for 24,48 and 72
The MTT solution, at a final concentration 0.5 mg/mL in the unsupplemented mediur
was added to each well at time zero (after overnight incubation) and the end of differer
incubation periods. Following 2 h of incubation, the MTT solution was discarded an
formazan crystals were solubilized with 150 pL of DMSO. The plates were shaken for 5 mi
and the absorbance was measured at 550 nm with a multiplate reader (Zenyth 3100, Anthc
Labtec Instruments GmbH, Wals-Salzburg, Austria).

All experiments were repeated at least three times in triplicate.

3.10.4. Cytotoxicity Parameters

The results of the MTT assay are presented as the percentage of the values for contr
cells that was arbitrarily set to 100%. Cell growth inhibition was calculated according t
the expression:

(Ao — A) x 100/ Ao ¢

where Ag is absorbance from control wells and A is absorbance from wells exposed to th
tested extracts. '

The measure of the overall inhibitory activity of the agent was evaluated through ICs
which is defined as the concentration of the agent that inhibits the biological activity of th
target cells by 50%.

The selectivity index (SI) was calculated as the quotient of ICsg values for the treate
non-transformed cell line and the ICsg values for the tested extracts on malignant cell
SI < 2 indicates general toxicity of a compound, SI > 2 indicates selective toxicity an
SI > 3 indicates highly selective toxicity [60].

Following the NCI recommendations [41], Glso, TGI and LCsg parameters were calci
lated for each extract;

o  The Glgg value is the concentration where 100 x (T = T0)/(C — TO) equals 50 an
measures the growth inhibitory power of the examined extracts;

e The TGI value is the concentration of the tested extract where 100 x (T=To)/(C-T
equals 0 and measures the cytostatic effect;

e The LCs value is the concentration of the drug where 100 x (T — Tp)/Tp equal
50 and measures the cytotoxic effect of extracts.

In these formulas, Ty is the absorbance at time zero (when the compound is added
Tis the absorbance of the test well after 24, 48 or 72 h of exposure to the test compound an
Cis the optical density of the control wells (cells incubated for 48 h with no additives).
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the effect was not reached or was exceeded, the value for that parameter was expressed as
greater or less than the maximum or minimum concentration tested.

3.11. Sitatistics

The results of the experiments are represented as mean + standard deviation.

Principal component analysis (PCA) and hierarchical cluster analysis (HCA) using
Statistica® v.8.0 (wwiw.statsoft.com, accessed on 1 April 2021) and StatistiXL® Version
2.0 add-in for MS Excel® (wwiw.statistixl.com, accessed on 1 April 2021) were applied to
examine the interrelationships between the chemical compositions of the essential oils.

The results of LC-MS quantitative analysis and assays on antioxidant activity were
analyzed by SPSS software (version 20.0) using one-way ANOVA and post hoc Tukey’s test.
Differences between the mean values were considered statistically significant if p < 0.05.

The ICsp, Glsp, TGl and LCs parameters were calculated using MS Office Excel® free
add-in ED50 plus v1.0 software (www.scicnccgaluway.urg/protuculs/cullbiu/drug/dala/,
accessed on 1 April 2021). SPSS software version 20 was used for statistical data analysis.
The Shapiro-Wilk test was used to test the normality of data distribution. Depending
on the results normality test, for the comparison of groups, one-way analysis of variance
(ANOVA) or its non-parametric equivalent Kruskal-Wallis test was used.

For the genotoxic and antigenotoxic activity assays, the results are expressed as the
mean value (n = 3) + standard error of the mean (SEM). Statistical analysis of the comet
assay results was performed using one-way analysis of variance (ANOVA) with Tukey's
post hoc test for comparisons of different treatments vs. the respective controls. GraphPad
Prism 6.0 software was used. A regression was used to determine the effect of the bioactive
substance concentration on the outcome. The values of the obtained data were considered
statistically significant if p < 0.05, and statistically highly significant if p < 0.001.

4. Conclusions

This study evaluated the antioxidant activity and genotoxicity /antigenotoxicity, as
well as cytotoxic, cytostatic and cytocidal effects against human tumor and non-transformed
human lung fibroblast cell lines of the investigated Hyssopus officinalis essential oils and /or
extracts, with respect to their chemical composition. Our results revealed high variability
in the composition of essential oils, as three chromatographic profiles of the investigated
essential oils of wild-growing plants from Montenegro could be distinguished: oils rich
in 1,8-cineole and relatively rich in B-pinene, but low in cis-pinocamphone; oils rich in
B-pinene, limonene, cis-pinocamphone and methyl eugenol, but relatively low in 1,8-cineol;
and oils relatively rich in 1,8-cineole, limonene, B-pinene and cis-pinocamphone. The
essential oil from the commercial plant material from Serbia, being rich in 1,8-cineole
and f-pinene, but low in cis-pinocamphone, appeared similar to only one of the samples
obtained from wild-growing plants from Montenegro. Both the extracts and the essential
oils significantly reduced in vitro DNA damage. In addition, potent and selective cytotoxic
action of the hyssop methanol extracts on the HelLa cell line was observed. These findings
deserve closer attention and our further investigations, which will be performed in the
prospective future, and should be directed to the panel of cancer cell lines derived from the
most sensitive tissue (cervix), along wilh a detailed mechanism of antitumor effect and the
isolation/chemical characterization of the conslituents that are presumably responsible for
observed activily.

Supplementary Materials: The following are available enline at hitps:/ /www.mdpi.com farlicle/ 10
-3390/plants10040711 /51, Figure S1: A comparative view of LC-DAD chromatograms of methanol
extracts (1E-6E) of H. officinalis recorded at 320 nm, Figure S2: Dose-response curves in MTT assay
after 24, 48 and 72 I treatment of MRC-5 (a-f), SW480 (g-1), MDA-MB 231 {m-r) and HeLa (s-x) cell
lines with extracts 1E-6E, Table S1: Component loadings and score cocefficients for constituents of
Hyssopus officinalis essential oils,
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ARTICLE INFO ARSTRACT

Keywords: Ethnoplarmacological refevance: Medicinal properties of hyssop have been used in traditional medicine since
Hyssopus officinalis ancient times, inter alia, in diseases/conditions with an inherent inflammatory process.

Hynop Aim of the study: Accordingly, the aim of this study was to investigate the anti-infl y properties of hyssop
AntInflammatory activity L £ o ’

Ciclovsygenate herb preparations (essential oil and methanol extracts) in vivo, in vitro and in silico.

Carragecnan-induced paw edema Muateriols and methods: For in vitro testing of essential oils and extracts .o! hyssop herb, the c)’t[cnx):'g:nnsc-l
Ia silico studies (COX-1) and cyclooxygenase-2 (COX-2) enzyme assays were used. In vivo anti-inflammatory potential of the

extracts (at doses of 50, 100 and 200 mg/kg) was assessed using the carrageenan-induced rat paw edema test.
Molecular docking and dynamics were used for in silico testing of the inhibitory activity of chlorogenic (CA) and
rosmarinic (RA) acids, as the dominant compounds in the tested methanol extracts against COX-1 and COX-2
EnzyImes,

Results: Significant Inhibitory activity was shown in the COX-2 test regarding extracts (essential eils did not
exhibit any significant activity). Namely, all analyzed extracts, at a concentration of 20 pg/ml, showed a per.
centage of inhibition of COX-2 enzyme (54.04-63.04%), which did not indicate a statistically significant dif-
ference from the positive control of celecoxib (61.60%5) at a concentration of 5.8 pML In vivo testing showed that
all methanol extracts of hyssop herb, at the highest test dose of 200 mg/kg in the third and fourth hours, after
carrageenan administration, exhibited a statistically significant (p < 0.05) inhibi y ellect on the increase in rat
paw edema in relation to control. This activity is comparable or higher in relation to the reference substance,
indomethacin, at a concentration of 8 mg/kg. The preliminary in silico results suggest that investigated com-
pounds (RA and CA) showed better inhibitory activity against COX-1 and COX-2 than standard non-steroidal
anti-inflanmatory drug (NSAID), ibuprofen, as evident from the free binding energy (AGuag in kJ mol ).
The binding energies of the docked compounds to COX-1 and -2 were found to be in the range between —47.4
and -49.2 kJ mol . Ibuprofen, as the one NSAID, for the same receptors targets, showed remarkably higher
Linding energy (8Guqq = 313 kJ mol ™! to COX-1, and AGy.g = - 30.9 kJ mol ! to COX-2).
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Conclusion: The results abtained not only support the traditional use of hyssop herb in inllammatory conditions in
folk medicine, but also open the door to and the need for futther i vive tesiing of extracts in order to examine the
maolecular mechanism of anti-inflammatory activity in living systems and possibly develop a new anti-

inflammatory drug or supplement.

1. Introduction

Inflammation is a protective response of the microcirculation trig-
gered after infection/injury, which aims 1o eliminate the offects of
harmful stimuli (00 loriy ol el 201050). Inflammalory processes
are associated with various acute and chronie discases (Yo
2017}, many of which pose a current problem taday such as theumataid
arthritis, multiple sclerosis, chronic asthma, inflammatory bowel dis-
case, psoriasis, cardiovascular and malignant discases (0 LELLIT
1 200, The prevalence of these diseases, especially obesity,
cardiovascular, neurodegenerative diseases, and cancer, has increased
rapidly over the past decades (O and Ve, s a1,

The main anti-inflammatory drugs are glucocorticoids and nonste-
roidal anti-inflammatory drugs (NSAIDs). NSAIDs (aspirin, ibuprofen,
naproxen) manifest their activity by inhibiting enzymatic activities of
cyclooxygenases-1 and -2 (COX-1 and COX-2), key enzymes in the
conversion of arachidonic acid to prostaglandins, most often via non-
selective inhibition (Turnn aod Dullois, 2002, However, due to
numerous adverse reactions, which can be serious, especially with
long-term use, associated with the use of existing anti-inflammatory
drugs, c.g. NSAID: cardiotoxicity and gastrointestinal toxicity (S0
vial L 2021); elucocarticoids: osleoporosis, diabetes, hyperiension, skin
hypertraphy, adrenal suppression, and glavcoma (o0 Ll el 2000,
alternative  compounds, which  would  exhibit a satisfactory
anti-inflammatory effect with fewer or no side effects, have been saught.
This primarily refers to natural compounds such as plant polyphenols
(L) 2017). Particular problem, in terms of side effects,
represents a group of selective COX-2 inhibitors called COXIBs, thus
commercially available were celecaxib (Celebrex) and rofecoxil
(Vioxx). Many compounds that ace selective COX-2 inhibitors have been
developed for therapeutic use because they were thought to selectively
block inflammation caused by the action of COX-2, without the danger
of causing any gastrointestinal problems and side effects by inhibition of
the COX-1 enzyme. However, rofecoxib was withdrawn from the market
due to asignificant increase in cardiac stroke risk (Vo o van il
Laair, 2010). This is just one of the reasons for directing the attention of
the scientific community towards discavery of new sources of COX-2
inhibitors, with a special focus on plant sources (i1, pall

Sanmtandene o

¢ whalieshy

skt

L}
ATt g el 1), Many medicinal plants are
known for their anti-inflammatory action and are used not only in
traditional medicine, but also in conventional therapy. Based on their
action, they are also classified in numerous world pharmacopacias, e.g.
Calendula officinalis 1., Matricaria chamomilla 1... Salvia officinalis 1.,
Achillea millefolum L., etc., have widespread use in treatment of various
inflammation-based ailments (Shikot o al, 2014, Of natural products
from plant origin, there are several groups of compounds that are car-
riers of anti-inflammatory effects, e.g., phenolic compounds (phenolic
acids, flavonoids, anthocyanins}, terpences, lignans, ete, (U0 oo o0,
SO0, 20040 Fast amd Avndet 201 1) deteeted in medicinal plants of
diverse genera. For these purposes, the plant spucics, which have been
found to be effective in inflammatary processes over the years of use in
traditional medicine, are first examined. One such plant is hyssop,
Hyssopus officinalis L. (Lamiaceac).

Hyssop is a medicinal and aromatic plant, whose medicinal proper-
ties have been used in traditional medicine since ancient times. It is also
used in the food and cosmetics industry and as a decorative planL. In
traditional medicine, it is, inter alia, used for digestive and intestinal
disarders, as well as to treal respiratory discases such as tuberculosis,
asthma, chronic catarrh, and bronchitis; it is also valued in the treatment

of rheumatic pains, bruises, wounds, burns, frostbite, skin irritation
Ll ey 210). This herb has been used tradi-
tionally as an expectorant, carminative, anti-inflammatory, anti--
catarthal, and antispasmodic medicine in many parts of the world
(Sern, Dy ANEE A L et al 0 E). Since ancient times hyssop
has been used to treat rtheumatic pains, bruises, wounds, ete. (ilLidari
vl 2018) The herb was used to alleviate digestive disorders, cure
laryngitis and to accelerite wound healing in folk medicine of different
nations, It is used in tea blends for cough relief, antispasmodic effects
and relieving catarth (5rvastava o al 2014). In Southern Europe, it
was used in the treatment of nose, throat, and lung afflictions due 1o its
anti-inflammatory properties. Generally, these therapeutic uses and
health benefits of hyssop are largely based on folklore rather than on
scientific substantiation (V1o ot ol 200 1), There are also literature
data speaking in favour of the anti-inflammatery activity of this species;

! indicated that the aqueous extract of

BT

H TN ] 1S

for example, Voo 0o al 201
hyssop herb had a potential to regulate T helper cell differentiation, thus
contributing to anti-inflaimmatory activity. " et 0l (201 4) showed that
inviva application of H. officinalis aqueous extract regulated the levels of
cosinophil in bronchoalveolar fluid and immunoglobulin IgG and IgE in
serum. H. officinalis was reported not only to exhibit anti-inflammatory
activity but also to affect immune regulation (510 ot al, 2014).
Traditional use and previous literature data provide a good basis for
testing the anti-inflammatory activity of hyssop herb preparations.
There is little scientific evidence on M. officinalis anti-inflammatory ac-
tivity regarding itsimpact on eyclooxygenase enzymatic activities and in
vivo assessment of anti-inflammatory potential, This study aims to reveal
the anti-inflammatory activity of Hyssopus officinalis subsp. aristatus
(Godr.) Nyman essential oils and methanolic extracts from the acrial
parts of the plant. Namely, the anti-inflammatory activity of methanol
extracts and essential oils of hyssop herh was tested in vitro, andl then the
testing of extracts was continued in vivo; the ability of the dominant
compounds of the methanol extracts (chlorogenic and rosmarinic acids)
to inhibit the activity of cyclooxygenase-1 and -2 (COX-1 and COX-2)
enzymes, was assessed in silico, The resulis of basic phytochemical an-
alyses of essential oils (gas chromatography-mass spectrometry, GC-MS)
and methanol extracts (liquid chromatography with diode array detec-
tion and mass spectrometry, LC-DAD-MS), samples used in this study,
were reported recently by our research group (Micovic ol 2021),

2. Material and methods
2.1 Chemicals amd reagents

For determination of in vive anti-inflammatory activity, carrageenan
and indomethacin were purchased from Sigma (Sigma, St. Louis, MO,
USA), purified COX-1 from ram seminal vesieles, human recombinant
COX-2 and arachidonic acid from Cayman Chemical (Ann Arbor, MI,
USA); porcine hematin and indomethacin from MP biomedicals LLC
(Solon, Oli, USA), L-cpinephrine bitartrate from Fluka (Buchs,
Switzedand), NagEDTA from Merck (Darmstadt, Germany), TRIS/HCL-
buffer from Roth (Karlsruhe, Germany). Celecoxib was purchased from
Sigma-Aldrich Handels Gmbh (Vienna, Austria) and PGE, ELISA kit
from Enzo Lifc Sciences (Farmingdale, NY, USA).

22, Plant material and samples preparation

The aerial parts of wild-growing Hyssopus officinalis L. subsp., aristatus
(Godr.) Nyman were collected during blooming in September 2018,
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from five different locations in the territory of Montenegro. The tax-
onomical evaluation was done by Prof. Dr. . Stesevic and voucher
specimens are kept al the Herbarium of the Department of Biology of the
Faculty of Natural Sciences and Mathematics in Podgarica (University of
Montenegro). Additionally, a commercial sample of hyssop herb, which
wis produced from the wild-growing plants collected at localities in
southeastern Serbia (Pirot and Nisava Districts), was purchased from a
local production enterprise in Serbia and identified by Prof, Dr. D.
Stojanovic.

Depending on the origin of the plant malerial, the following desig-
nations from 1 to 6 were used in the paper: 1 (Comercial sample, Serbia);
2 (Kuci, Montenegro, Voucher No. 1420263), 3 (Savnik, Montenegro,
Voucher No. 1420261); 4 (Piva, Montenegro, Voucher No, 1420162); 5
(Piperi, Montenegro, Voucher No. 1420259); 6 (Cuce, Montenegro,
Voucher No. 1420260). The procedures of essential oils distillation and
extracts preparation were already described in details as published by
Mo eral (2621, Disslillation of essentinl oils was done according to
Procedure [ of the 1o while the ex-
tracts preparation was done with methanol by bimaceration according
to the same reference. Prior 1o further analysis, the obtained essential
oils (EO) were kept at 4 -Cin sealed glass vials, protected from light, The
extracts were slored at 4 °C in glass, well-sealed jars, protected from
light, prior to further analysis.

neapies S e 1Y 0] bl

2.3. In vitro prostaglandin synthase inhibitory activity (cyclooxygenase-1
and -2 assays)

The method for testing the ability of a sample to inhibit the activity of
COX-1 and COX-2 enzymes is based on the enzyme-linked immunosor-
bent assay (ELISA) quantification of the formed product, prostaglindin
Ez (PGE3). The tests were performed in 96-well flat-bottomed microtiter
plates using COX-1 from ram seminal vesicles, or human recombinant
COX-2, according to the method described by bl + . The
incubation mixture contained 180 uL 0.1 M TRIS/HC] buffer (p11 8.0), 5
#M hematin, 18 mM epinephrine hydrogen tartrate, 0.2 U enzyme and
50 M sodium salt of ethylenediaminetetraacetic acid (Na;EDTA) (only
for COX-2 1est), Samples (solutions of tested essential oils or methanal
extracts of H. officinalis herb in dimethyl sulfoxide (DMS0)) were added
in a volume of 10 pl. and the mixture was preincubated for 5 min at room
temperature. Indomethacin (purity  >99%) and celecoxib (purity
>984%), previously dissolved in ethanol p.a. (pro analysi), were used for
the positive contrel. The following concentritions were used in the
experiment: essential oils and extracts: 20 pg/ml; indomethacin 1.2 (TN
celecoxil 8.8 pM., To start the reaction, 10 ml. of 5 mM arachidonic acid
in ethanol p.a. was added and the mixture was incubated for 20 min at
37 'C. Thereafter, 10 mL of 10% formic acid was added to stop the re-
action. The concentration of PGE,, the major arachidonic acid metab-
olite in this reaction, was detenmined using a competilive PGE; EIA kit,
which was assessed using a microtiter plate reader (Tecan Rainbow,
Tecan Group Ltd., Maennedorf, Switzerland), according to the method
described by vielich coal (onn,

The inhibition of COX enzyme activity refers to a decrease in PGE;
production compared to a blank test without inhibitor. All results were
expressed as percentage of inhibition of COX-1 and CON-2 enzyme ac-
tivity, respectively, Each analysis was performed in two replicates on
two consecutive days, and finally the mean value of 4 measurements +
standard deviation was taken for both tests (COX-1 and COX-2).

2.4. In vivo anti-inflammatory acnivity

2.4.1. Animals

Male Wistar albino rats (200-250 g), cight weeks old, were kept
under strictly controlled conditions (at a temperature of 22 1 2 ¢, light
darkness cycle 12:12 h). Water and food were available ad libim
Chontoy o1 o, 2010,

This investigation was performed at the Faculty of Medical Sciences,
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University of Kragujevac, Serbia. The study protocol (code 01-6121)
was performed in accordance with the regulations of the Faculty's
Ethical committee for the welfare of laboratory animals and principles of
the Good laboratory practice and European Council Directive (86/609/
LEEC).

2.4.2. Carrageenan-induced paw edema and determination of the anti-
inflammatory activity of extracts

Testing of the anti-edematous activity was performed in the
carrageenan-induced rat paw edema model (Voo oo, 010p G

et 200 ) Inflammation in all rats was induced by intraplantar in-
juction of 1 mL of 0.5% carrageenan saline in the left hind paw. The
tested extracts were administered by intraperitoneal (1P) injection in
three doses: 50, 100 and 200 mgskg. Each of the three experimental
groups consisted of 10 rats. Animals from the indomethacin group (10
rats) were treated with IP injection of indomethacin suspended in saline
at a dose of 8 mg/kg. Animals from the control group (10 rats) were
treated with 1P injection of saline. All tested agents {exteacts, indo-
methacin, saline) were administered for 60 min before inducing
inflammation (" JA12).

In order to quantify the anti-inflammatory effect, the thickness of the
left paw tissue of each rat was measured at the following time intervals;
immediately before inducing inflammation (moment 0) and 1, 2, 3,4h
(moments 1, 2, 3 and 4) after inflammation. Tissue thickness was
measured in the middle of rat paw using a Digital vernier caliper
(Aerospace, China). The percentage of inhibition of paw edema was
calculated according to the formula, Eq (11

abe s Ganza ot al

W Inlbion = 100 < - (Yo ! Ye)l m

where Yt — awerage increase in paw thickness in the treated group of rats
between two measurement moments, and Ye = average increase in paw
thickness in the untreated group of rats between two measurement
moments (Coonzo o ol Bt

25 In silico studies
2.5.1. Molecular docking

The binding affinity of rosmarinic acid (RA) and chlorogenic acid
(CA) towards COX-1 and COX-2 receptors was estimated using molec-
ular docking simulations using the AutoDock 4.2 software (Morris et ol
<00v). The pockets and binding sites of COX-1 and COX-2 were deter-
mined by the AutoGridFR (AGFR) program, The erystal structures of
COX-1(PDBID: TEQG (Hehinsh v et ol 2001)) and COX-2 (PDB 1D: 4PH9
(ot cehw il 2017)) were extracted from RCSB Protein Data Bank in
PDB format. The target receptors were prepared for docking by
removing the co-crystallized ligand, water molecules, and cofactors. For
this purpose, the Discovery Studio 4.0 (Ii0V1A, 20.1) was employed.
The AutoDockTools (AIT) (Wore vl i) graphical user interface
was used to caleulate the Kollman partial charges and add the polar
hydrogens. The flexibility of the ligands was analyzed, while the protein
kept on as the rigid structure in the ADT, The bonds of ligands were set to
be rotatable to express their flexibility. The Lamarckian Genetic Algo-
rithm (LGA) method was used for protein-ligand flexible docking. The
parameters for the LGA method were determined as follows: amaximum
number of energy evaluations was 250,000, a maximum number of
generations was 27,000, and mutation and crossover rates were 0.02
and 0.8, respectively. The algorithms in the AutoDock 4.2 software were
set up to predict the position of compounds within the protein target and
(o assess them by scoring functions by setting the grid box. The grid
hoxes with dimensions 48 x 44 x 44 A* and 44 x 38 x 32 A" in -x, -y,
and -z directions of COX-1 and COX-2 receptors were used to cover the
protein binding site and accommodate ligand to move freely. For Auto
Grid runs, a grid point spacing of 0.375 A was used. The interactions
between the target protein and investigated compounds as the
three-dimensional  (3D) results were analyzed and illustrated in
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Discovery Studio 4.0 and AutoDockTools.
The AutoDock program calculates these values according to the
following equation, Eq |/

AGret= AGgw « hhomd + dewoly + Al + AGa + A6y, - &G (2)

where AGying is the estimated free energy of binding, the AG, uw + 1tond
- desoly denoles the sum of the energies of dispersion sind repulsion
(AGyyw), hydrogen bond (AGhpuna), and desolvation (AGyuy). The
AGioea represents the final total internal energy, the AG,,, is torsional
free energy, AGmp is unbound system’s energy, and AGe. is electro-
static ceaergy. Ligand cfficiency (LE) denotes the binding energy of
ligand to protein per atom. LE (Eq () has a unit of kJ mol ! /heavy
atom,
A6y

I‘E‘T (3)

where N is the number of non-hydrogen atoms.

2.5.2. Molecular dynamics

The best docked complex RA-COX-1 was used as starting model for
MD simulations. The RA was parameterized by the CHARMM36 force
(Hosi vl 2012). The CHARMM-GUI web server (1000, 70014) was
employed for the preparation of complex protein=ligand input for
cquilibration and the production. The solvation of investigated system
was performed by the 0TIP3P solvation model. The sodium chlaride ions
were added to neutralize the systems to a salt concentration of 0.15 M in
KCl. The energelically minimization of the neutralized system was done
by steepest descent and conjugate gradient algorithms with up to a
tolerance of 1000 kJ mol ' nm ' during 5000 steps. After that, system
was equilibrated at 310.15 K using the Berendsen weak coupling method
in NVT (constant volume) ensemble condition with a 2 ns time seale. The
LINCS algorithm was use for the production MD phase in the NI'T
ensemble for 20 ns time seale including a modified Berendsen thermo-
stat (vT — 1 ps) and a Parrinello-Rahman barostat (zP - 2ps) (1
149/7), The GROMACS 5.1.5 package (1o oy or 1) was
employed for the simulation trajectories propagation to 20 ns.

2.6. Statistical analysis

In the COX-1 and COX-2 tests, the methods of descriptive statistics
(arithmetic mean, standard deviation, and standard error of the arith-
metic mean) were employed. Student’s t-test for two independent
samples was used to compare the arithmetic means, assuming a signif-
icance level of 0.05,

For in vivo anti-inflammaltory activity, average value + standard
deviation (SD) and minimal and maximal values were used as parame-
ters of descriptive statistics. The normality of the parameter distribution
was evaluated with the Shapiro-Wilk and Kolmogorov-Smirnov tests.
Additionally, data were analyzed using a one-way analysis of variance
(ANOVA) and the post hac Bonferroni test for multiple comparisons. The
statistical significance was based on p < 0,05, Complete statistical
evaluation was performed with SPSS Statistics 22 (SPSS, Chicago, IL).

3. Results and discussion

3.1. Effects of methanal extracts and essential oils of hyssop herb on
COX-1 and COX-2 enzyme activity

The anti-inflammatory activity of the essential oils and methanol
extracts of hyssop herb was tested in vitro by measuring their ability to
inhibit the activity of COX-1 and COX-2 enzymes responsible for pros-
taglandin synthesis. The tested essential oils and extracts of the
H. officinalis herb were found to have an inhibitory effect on the activity
of COX-1 and COX-2 enzymes at a concentration of 20 pg/ml., as out-
lined in Table 1,
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Table 1

The results of the ability of methanol extracts (1-6 E, 20 ug/mL) and essential
oils (1-6 EO, 20 pp/ml) of the H. officinalis herb to inhibit the activity of COX-1
and COX-2 enzymes (% inhibition).

Sample COX-1 Inhibition (%) COX-2 Inhibition (%)
1L 16,15 ¢ 4.70 6104 & 2144
2k A4 L BL0 Y S4.04 £ 10,28
Ak 215+ 328 59,42 + 15.75
A6 231 £ 2,068 61.19 & 11.47
o 214+ W0 6179 ¢ 14.44
6F 336+ 173 55.51 ¢ R.98
Lo 15,16 = 4.50 ¢ 52,17 ¢+ .53
210 700 2 704 4 49,09 ¢ oo
arn 240+ 6720 AR.52 + 0771 ¢
Al0 635 & 6.62° dbh.24 & HT2
510 10,02 & 447 ¢ 4077 L1024
(8] 11.04 ¢ RA7 4005 £ 12,26 ¢
Indumethacin 2200 2 370 /

Coleconib / 6160+ 1,77

Indomethacin (1.2 pM) was used as a positive control in the COX-1 test, while
celecoxib (8.8 pM) was used in the COX-2 test. The percent of inhibition of COX
enzyme activity, which was obtained in two independent experiments (the mean
value ¢+ D), * A statistically significant difference compared to the positive
contrel (p ~ 0.05).

With respect to the extracts, significant inhibitory activity was shown
in the COX-2 assay. At a concentration of 20 pg/mL all analyzed extracts
exhibited inhibition in the range of 54.04-63.04%, which was not sta-
tistically significant compared to the pasitive control celecoxib at 8.8 pM
concentration (61.60%). With respect to the essential oils, significant
activity was found for the 1EO essential oil (52.37%) at a concentration
of 20 pg/ml, i.c. its inhibitory activity on COX-2 enzyme did not show a
statistically significant difference from the positive control (celecoxib at
A concentration of B.8 M),

In the COX-1 assay, weaker activity was found. Namely, 1E extract
(16.15%) and 6EQ essential oil (11.04%) stood out for their activity,
which at a concentration of 20 pg/ml. did not show a statistically sig-
nificant difference in the activity in relation to the positive control,
indomethacin (22.11% inhibition at a concentration of 1.2 [Th )2

The dominant ingredient in the. tested essential ails 1-6EQ, that
exhibited significant activity in the COX-1 and COX-2 assays, is mono-
terpenoid 1,8-cincole (eucalyptol), as reported in our previous study
(e ‘). Generally, the activity of tested essential oils
toward the inhibition of COX-1/2 enzymes can be correlated with the
content of 1,8-cincole in cach of them. The sample 1EO had the highest
content of 1,8-cincole (67.10%) followed by 6EO, 2EQ, 5EO, 3EO and,
finally, 4EO. The content of total oxygenated monoterpenes followed
similar trend, the highest concentration was found in 1E0 (68.8%) while
the lowest concentration was in 4EO (27.35%). This trend of COX-1/2
inhibitory potential of Hyssepus essential oils is certainly not surpris-
ing when it is known that 1,8-cincole has been proven to be an excellent
antioxidant, analgesic and anti-inflammatory compound (/oo gens
ot TP U exhibited anti-inflammatory activity which is mainly
achieved through the regulation of nuclear factor-kappa B (NF-kB)
pathway and its ability to remove reactive oxygen species (ROS) (Coi
st n2h), In various in vivo tests, 1,8-cincole showed significant
anti-inflammatory and analgesic activities that are reflected in amelio-
ration of inflammation and pain responses during gout arthritis induced
in mice ( 1), neuroprotective activity against cacly brain
injury via anti-inflammatory and antioxidant modes of action in rats (%

©oob ), as well as the inhibition of platelet activation, thrombus
development and haemostasis in mice (Alatiel oo ol 2021), These
health benefits are used in clinically approved drug with 1,8-cincole as
the active ingredient (Soledum™) for the in bronehial asthma and other
respiratory tract diseases (Galon er Ll . 2003),
Based on all the abave, it can be concluded that the activity of tested
essential oils is closely related to the content of 1,8-cineole, so 6EO has

W0 o sens gt ol
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the greatest potential, while 4E0 showed the weakest inhibitory activity
against COX-1/2 enzymes.

In our previous study was demonstrated that all tested methanol
extracts of the acrial parts of hyssop contain various phenalic com-
pounds, namely benzoic aeid derivatives (syringic acid), hydroxycin-
namic acid derivatives (rosmarinic, chlorogenic, and feruloylquinic
acids, as well as caflfeoyl pentoside) and Navonoids (quercetin-0-hexo-
side and diosmetin-0-deoxyhexosyl-hexoside). The dominat compounds
in all samples were shown to be chlorogenic and rosmarinic acids, The
chlorogenic acid content ranged from 23.35 to 33.46 mg/g, while the
rosmarinic acid content was slightly lower (03.53-19.98 mg/g)
Chlironie e al, 2021). All phenolic constituents detected are likely to
contribute 1o the anti-inflammatory activity of the Hyssopus extracts.,
Various mechanisms through which polyphenolic compounds achieve
the anti-inflammatory cffect have been described. One of them is the
inhibition of regulatory enzymes and transcription faciors that play an
important role in the control of mediators involved in the inflammatory
process (e.g. inhibition of protein kinases involved in signal transduction
during cellular activation in inflammatian; inhibition of the transcrip-
tion factor NF-kB which regulates certain eytokines, chemokines and cell
adhesion molecules involved in the inflammatory pracess; flavonoids,
for example, may lead to an increased Ievel of cAMP by inhibiting cyclic
adenosine monophosphate (cAMP) phosphodiesterase, which contrib-
utes to anti-inflammatary activity). Polyphenels also contribute to
anti-inflammatary activity due to their antioxidant activity {inhibition
of free radical production and neutralization of reactive oxygen species
(ROS), reactive nitrogen species (RNS) and other reactive specics),
Polyphenolic compounds cin also inhibit enzymes like phospholipase
A2 (PLA2), cyclooxygenase (COX) and lipoxygenase (LOX) leading to
decreased production of prostaglandins (PG) and leukolriencs (LT, and
consequently to inhibition of inflammation. Palyphenols also affect
some cells of the immune system and its mechanisms, which are
important in inflammatory processes (0alol o ol
etal, AR,

With respect to the quantitatively dominant compounds, chlorogenic
and rosmarinic acids, there are also literature data supporting their anti-
inflammatory activity, siun o0l (20171 explained the mechanism of the
anli-inflammalory activity of chlorogenic acid in human intestinal
epithelial cells by inhibition of protein kinase D-NF-xB signaling
pathway and hydrogen peroxide-induced production of interleukin-8
(1L-8), due to the presence of eatechol groups capturing intraccllular
reactive oxygen species. Besides, some other in vitro studies have re-
ported the anti-inflammatory cffect of chlorogenic acid, which is mainly
based on the removal of ROS and RNS (ifan o1 ol 20175 ialoes ot ol
2000), Hware o al, 120101 investigated the effects of chlorogenic acid
on lipopolysaccharide (LPS) stimulated murine macrophages (RAW
264.7) and BV2 microglial cells. The inhibition of niric oxide (NO)
production and inhibition of COX-2 expression and inducible NO syn-
thase (iNOS) were found to occur without inducing cytotoxicity.
Chlorogenic acid also led to an attenuated effect of pro-inflammatory
cytokines (including interleukin 1 beta (IL-1b) and tumour necrosis
factor-alpha (TNF-a)), as well as other markers associated with inflam-
mation such as interleukin 6 (IL- 6), in a dosc-dependent manner.
Moreover, endatoxin-induced macrophage adhesion was reduced by
chlorogenic acid, as well as expression level of ninjurin 1 (Ninj 1); nu-
clear translocation of NF-kB was also inhibited (11v..m o1 ta).
Sl et alonns) also conducted a study with murine macrophages
RAW 264.7, in which chlorogenic acid was found 1o suppress
LPS-induced expression of COX-2 by attenuating the activation of NF-kB
and c-Jun N-terminal kinase/Zactivator protein-1 (JNK/AP-1) signaling
pathways.

With respect to rosmarinic acid, various possible mechanisms of anti-
inflammatoery activity have been described in the literature; however,
the interaction between rosmarinic acid and the complement pathway is
most often mentioned. Namely, rosmarinic acid has been found to
inhibit the activation of the complement system in vivo and in vitro,

2009 Yalifouh

il
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binding covalently to C3b, the activated complement component at the
site of inflammation (wherc the complement system is activated) (Colic.
1ol 2018), Sehyckd {10051 indicated that rosmarinic acid could
be an effective inhibitor of the expression of the preinflammatory gene
COX-2 (which is considered a risk factor for tumour development). Some
literature data suggest that rosmarinic acid protects brain cells from
ischemia/reperfusion injury in diabetes, which could include a high
mobility group box 1 (HMGB1) and NF-kB signaling pathway; the results
suggesting the antiseptic effect of rosmarinic acid indicate that it is
mediated by a decrease in lacal and systemic levels of inflammatory
mediators (Colica et b, 2018), Glusemzadels Ralibodar e o L2017
demonstrated that the use of ethanol extracts of the Rosmarinus affici-
nalis L. herb (400 mg/kg), as well as rosmarinic acid (40 mgskg), in a rat
model of sciatic nerve ehronic constriction injury (CCl)-induced neuro-
pathic pain, led to a decrease in inflammatory markers in the spine,
metallopeptidase 2 (MMP2), prosiaglandin Ey (PGEy), interleukin-
([L-1) and COX-2. Administration of rosmarinic acid (10 mg/kg) in
Wistar rats with spinal cord injury (SCI) led to an improved antioxidant
status and reduced oxidative stress and inflammatory activity by
decreasing pro-inflammatory cytokines and regulating NE-xB (Shaiy,
ctal, 20U,

In addition to these phenalic acids, olher identified polyphenols can
contribute to the overall anti-inflammatory potential of tested hyssop
extracts. For example, diosmetin derivate hydrolysis may led to the
display of significant anti-inflammatory activity of diosmetin. It was
recently reported that this O-methylated flavone showed a great level of
inhibition of inflammation in co-cultured adipocytes and macrophages
via the MAPKs/NF-xB pathway inactivation (H. (o ot ul, 2020),
Morcover, diosmetin anti-inflammatory potential manifested in atopic
dermatitis model via, inter alia, inhibition of the expression of inducible
nitric oxide synthase (iNOS) and lowering the levels of inflammatory
cytokines (D. Lee v il 2020), Diosmetin applied in vivo displayed
decreased inflammatory response during ulcerative colitis in rats via
suppression of NF-xB, TNF-a and 11-6 signaling pathways (Yo aod Lo
S021). Quercetin and its numerous derivatives are also well known for
their anti-inflammatory action by inhibiting the activity or expression of
enzymes that participate in inflammatory response or via modulation of
various signaling pathways (Buois ot al.,

'), Syringic acid, found in tested hyssop extracts, also exerted sig-
nificant role in ameliorating the inflammatory processes, either via
reducing the inflammatory cells and inflammatory markers like in-
terleukins and TNF-a or down-regulating inflammatory genes {11

dool 2o Liet i, 20Lv).

al, 2008; Gaeln-lafuente o

The inhibitory activity of the H. officinalis heeb extracts on COX-2
enzyme was found to be higher conmpared to the same samples tested
for the activity of COX-1 enzyme, which could have practical signifi-
cance and open possibilities for further studics, considering that
numerous side effects of drugs, which have an inhibitory effect on the
activity of COX enzymes, ariginate from simultancous strong inhibition
of COX-1 enzyme (which is a constitutive enzyme in many healthy tis-
sues), in addition to COX-2. According to our knowledge, this is the first
study of the inhibitory activity of the H. officinalis herb extracts on COX-
1 and COX-2 enzymes.

3.2. Carrugeenan-induced paw edema and determination of the anti-
inflammatory activity of extracts

Since the extracts exhibited much better activity, especially when
inhibiting COX-2 enzyme activity, in vivo testing of the extracts was
continued. The results of in vivo testing of the anti-inflammatory activity
of the extracts (1-6 E), depending both on the time clapsed from the
carrageenan-induced rat paw inflammation (1, 2, 3 and 4 h) and the
applied concentration of the extracts (50, 100 and 200 mg/kg), are
shown in i able 2, .

According to the results obtained, all methanol extracts of hyssop
herb (1-6 E), which consist of several compounds, in the highest tested
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Table 2

Anti-inlammatory activity of methanol extracts of hyssop herl (1-6 E) in the
carrageenan-induced rat paw edema model, The results are presented as the
mean value ¢ standard deviation (SD): *A statistically significant difference at
the level of p < 0.05 in relation to the control group.

Rat paw thickness (mmH® inhibltion)

Expetimental oh Th 2h dh 4h

Rroups

1E 4.1 & 492 L 35 :02 531 = 515 4
50 mg/kg 0.3 n.1(18)  (0) 0.25 0.15 (25)

(28.82)

1E 4.3 = 495 ¢ 57104 5.75: 0.2 545 + 0.1
100 mg/kyg 0.2 0.4(35)  (0) {14.71) (17.86)

IE 418 4.62 ¢ 5.2+ 03 512:02 495 : 04
200 mpikg + 01 0.4(56) (27.14) (44.71)" (45)

2E 4.05 483 = 555:03  S516:02 495
50 mpskg 1 0,2 0.1(22) (-7.14) (34.71) ni3

(15.71)

2E 4.13 455 ¢ 5.62 £ 0.2 5.1t 02 465+ 0.1
100 mgskg 20l 0.2(58) (-0.43) (42.94) (62.86)°

2K 298 4.65 545+ 0.2 A72:03 4600
200 mpkp + 0. 0.1(33) (-5 156.47)* a5y

3E 4.2 : 4.R7 - 575t 0.4 SR ¢ 0.2 5.1 1 0.1
50 mpsky 0.l 0.2(33}  (-10.71) (36.47) (35.71)

JE 4.25 507 & 5.47 1 0.1 52101 497 2 0.2
100 mpskg 0.2 0.1(18) (12.86) (44.12) (48.57)

k] 42 ¢ 5402 544400 AR : 02 ART 200
200 mpsky 0.1 {20) (11,43) (42.35)° (52.14)

4E 4.22 4.9 ¢ 5.5 £ 0.2 533 =01 505 ¢ 0.2
50 mpsky t (L2 0.:1(32) (19.29) (34.71) (10.71)*

4E 4.2 ¢ 5324 547 < 0.2 5432 =00 515 - 03
100 mpsig 0.1 0.2 (16.43) (34.12) (32.14)"

(-12)

4E 4.25 545 + 652402 526 =03 5.02 204

200 mg/kg c04 03 (9.29) (40.59)" (45)*
(-20)

SE 4.15 5.1 ¢ 522:04 545:02 518 :02
50 mp/kg £ 0.1 0.1 (5) (23.57) (23.53) (26.43)
SE 4.08 53 ¢ 55:02 5.37 £ 02 512 =0
100 mpskg 1 L3 0.1 (-1.43) (24.12) (25.71)

(-22)
5E 4.5 1 5.47 ¢ S.b s D4 512+ 05 50101
200 mprky n.2 Q113 (24.43) (63.53) (63.57)"
(13 4.22 5.52 521+ 02  525:03 487 :03
50 mpsky : 0.1 0.2 (29.29) (39.41)" (51.57)°
(-30)
(1134 4.12 545 + 565 0.1 5.5 ¢ 0.1 53101
100 mpsky = 02 ol (-9.29) (33.53)" (15.71)
(-33)
6k 4.47 5.47 4 532:04 529 £ 0.2 507 + 0.2
200 mpskg L | 02(10)  (39.29) (51.76)° 157.14)"
Indomethacin 4.1 4 1Y = 52103 502 + 0.1 4.7 L 0.1
B mprkg 0.2 0.2(20) (21.43) (45.88) (57.14)
Control 4.2 5.2 5.6+ 0.3 59104 Sh 404
0.4 0.2
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dose of 200 mg/kg in the third and fourth hours after carrageenan
administration, showed a siatistically significant (p < 0,05) inhibitory
effect on the increase of rat paw edema compared to control. This ac-
tivity is similar or higher as the activity of the reference substance
indomethacin at a concentration of 8 mg/kg:

- In the third hour (200 mg/kg), the extracts 2E (56.47%), SE
(63.53%) and 6E (51.76%) showed a higher percentage of inhibition
than the indomethacin-treated group (8 mgskg) in the same hour
(45.88%). Besides, the percentage of inhibition exhibited by the 5E
exiract (63.53%) was higher than indomethacin (8 mg/kg) in the last
(the fourth) hour (57.14%).

- In the fourth hour, the percentage of inhibition of rat paw edema for
the indomethacin-treated group (8 mg/kg) was 57.14%. The same per-
centage of inhibition was shown by the 6E extract at a dose of 200 mg/
kg, while the extracts 2E (100 mgskg) - 62.86% and 5E (200 mg/kg) -
63.57% in the last (the fourth) hour exhibited a higher percentage of
inhibition in relation 1o the indomethacin group. The highest percentage
of inhibition was exhibited by the SE extract (200 mg/kg) in the last
hour - 63.57%. However, it should be noted that the results obtained
cannot be directly compared with the positive control (indomethacin),
since a much lower dose of indomethacin was used; that is, the dose-wise
anti-inflammatory response of indomethacin is better. On the other
hand, it should be noted that indomethacin is a pure, laboratory-
synthesized substance with proven anti-inflammatory action, while ex-
tracts arc multicomponent systems.

Experimentally induced carrageenan inflammation is a frequently
used method for measuring the anti-inflammatory activity of an agent in
vive. In the induced inflammatory response, two phases are distin-
guished, the initial one (about 1h after carrageenan administration)
which is mainly characterized by the production of histamine and se-
rotonin by mast cells, the consequent increase in vaseular permeability,
and the later phase (afler 1h) which brings about neutrophil infiltration,
prostaglandin production and edema development (\Willin G oy et al.,
20,

NSAIDs, such as indomethacin, exhibit anti-inflammatory activity
during the sccond phase of carrageenan-induced inflammation by
inhibiting prostaglandin synthesis through the Inhibition of COX en-
zymes (Soph etalL 20, as shownin this study (indomethacin had the
highest percentage of inhibition in the third and fourth hours after
carrageenan administration). According to the results obtained, all
tested extracts (at the highest dose of 200 mg/kg) exhibited a statisti-
cally significant degree of inhibition of rat paw edema compared to the
control in the second phase of carrageenan-induced inflammation (in
the third and fourth houcs), which is inter alia characterized by pros-
taglandin synthesis; and considering that in vitro testing showed the
inhibition of COX cnzyme activity (especially COX-2), it can be pre-
liminary concluded that the tested methanol extracts of hyssop herb act
by the same or similar mechanism of action as the reference substance,
indomethacin or other NSAIDs.

Saleln and Seterhi (2018) have also demonstrated that the ethanol
extract of hyssop herb at doses of 25, 50 and 75 mg/kg exhibited high
anti-inflammatory activily on the rat ear edema (13.33 = 3.1, 20 = 3.1
and 19.83 + 2.8, respectively) induced by xylene (p < 0.05). There is
also a recent study by Sialel \esecdoen ol (2620) that showed signifi-
cant anti-inflammatory  effects of  H.  officinalis  extract on
streplozotocin-induced diabetic rats. It exerted its activity via down-
regulation of TNF-n and NF-xB gene expression. As stated above, poly-
phenolic compounds, which are contained in the extracts, are very much
responsible for this behavior of the extract in vivo conditions, The effects
of phenolic compounds (phenolic, acids, flavenoids, flavonols, tannins,
ctc.) can be focused on various inflammation pathways so their use in
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various health conditions (diabetes mellitus, cancer, cardiovascular
discases, neurological disorders, ete.), as well in the prevention is highly
recommended. It should definitely be considered the fact that poly-
phenolics can be variously metabolized in the organism, in intestine and
liver, then reabsorbed, and thus obtained metabolites can also
contribute 10 overall bioactivity (\alelo vt ol 2014).

3.3, Active site confirmation and molecular docking analysis

Given that the ftested extracts exhibited  significant  anti-
inflammatory activity in in vitro and in vivo studics, the effect of the
dominant phenolic compounds in the extracts, chlorogenic (CA) and
rosmarinic (RA) acids, on the activity of COX-1 and COX-2 CNZYmes was
examined in sifico.

In this study, the molecular interactions between active binding sites
of COX-1 and COX-2 receptors and analyzed compounds (RA and CA)
were investigated by molecular docking simulations. Before molecular
docking, the pockets and binding sites of targeted receptors were
determined. For this purpose, the AGFR software was applicd to
configure and compuling affinity maps for a receptor molecule to be
used for AutoDock4. The native bound ligand (ibuprofen) was extracted
from COX 1, and binding pocket analysis was performed. After that, re-

AR

ARG1Z0

2.09
5LY526

RA-COX-1
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dacking was performed with the investigated compounds to gunerate
the same docking pose as found in its co-crystallized form, The same
protocol was done for the co-crystallized form of COX-2 where the
ibuprafen ligand was used. This step was performed to compare the
thearetical binding affinity of RA and CA with the reference drug,
ibuprofen (Khan et i, 2015), and torrelate it with the experimental
inhibition constant.

The most stable docking conformations of the investigated com-
pound are presented in Fig. | and Labic 5, The lower value of the in-
hibition constant (Ki) and more negative value of free energy of binding
(AGuna) indicate better inhibition. The inhibitory activities of the
compounds RA and CA towards COXs were ranked based on their lowest
binding energy invelved in the complex formation at the active sites.
The binding cnergies of the docked compounds to COX-1 and -2 were
found to be in the range between -47.4 and -49.2 kJ mol * Ciable 3).

As can be seen from Table 3, the ligands strongly bind to receplors
COX-1 and 2. The docking analyses of investigated molecules revealed
that several non-covalent interactions existed between investigated
molecules and larget receptors. The most prominent interactions are
hydrogen bonds, alkyl-z, and - interactions (1. 1) ARG, MET, TYR,
VAL, SER, and GLY in positions 120, 522, 355, 349, 530, and 526 in the
primary structurc of the COX-1 chain have a predominant role as the

RG121

G121

RA-COX-2

Fig. 1. The hydrogen bond (green dotted lines) and hydrophobic (rase pink datted lines) docking interactions of the most stable conformations of RA and CA with

COX-1 and CON-2,
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Table 3
The important thermodynamic parameters for best docking conformations of investigated molecules with COX-1 and COX-2 (PDB IDs: 1EQG and 1PH9).
Conformations A0 (kJ K, Altmamd ey (nte AG e (k) L1C R pR— — Aligen (kd AGhoy (kI Al (k) LE
mol ) (nM) Bt desds) mol 1) (kJ mol ") mol ) mol ") mol ')
(kJmol Y
Ibuprofen-COX- 3.3 3180 434 0.1 a3 1,84 38 0.0 -2.1
1
Ibuprofen-COX- -an.9 3840 =323 04 a7 -2.05 3.8 0.0 ~2.1
2
RA-COX-1 492 24 ~AT.R 0.R 48.6 -12.0 11.4 0.0 ~1.9
RA-COX-2 ~48.1 a8 -47.6 1.1 ~47.6 -13.5 114 0.0 -2.0
CA-COX-1 -4R.2 3.6 -44.8 -1.6 ~46.4 =123 10.5 0.0 -9
CA-COX-2 A7.4 5.1 ~4n.1 -0.9 -46.9 ~14.1 10.5 0.0 2.0

active site of these receptors regarding ligands, RA and CA. These amino
acids rorm strong hydrogen bonds (bond lengths range from 1.68 (o
2,86 .-\], while TYR355, ALA527, VALL16, LEU531, VAL34Y, 1LE523,
LEU532, and PHES18 form weak alkyl-s, and z-7 interactions with the
benzene ring of investigated ligands (i1 !). On the other hand,
ARG121, TYR356, MET523, and SER354 in the primary struclure of
COX-2 form hydrogen bonds with OH and G=0 groups of RA and CA. In
addition, TYR356, ALAS28, VAL117, VAL524, VAL528, and LEU533
form weak alkyl-z, and z-z interactions with the benzene ring of inves-
tigated ligands. The obtained results for the binding energy ul'llg'lndc
arc in good accordance with the experimental biological data (12!
tal, MIK),

Ibupml’en, as the one NSAID, for the same receptors targets, showed
remarkably higher binding energy (AGping = -31.3 kJ mol ! to COX-1,
and AGpin = -30.9 kJ mol ! 1o COX-2) indicating that investigated
ligands show better inhibitory activity to the (.OX 1 and 2 receptors
(iihie 1), in comparison 1o Ihuprofen (i of o1, S s).

Bascd on the results presented in 74 l, it is clear that ligand el-
ficiency is not determining factor for the value of the binding energy. On
the other hand, the main contribution to the binding energy comes from
the sum of the dispersion, repulsion, and hydrogen bond encrgics. A
higher number of OH groups leads to a higher probability of hydrogen
bond formation, which directly leads to significantly lower values of
binding energy. It should be noted that electrostatic interactions also
significantly contribute to the stabilization of the complex with ras-
marinic and chlorogenic acids compared to Ibuprofen. The torsional
energies are lower for ibuprofen duce to the smaller size and lower
Mexibility of this molecule in comparison to RA and CA.

The oblained results of molecular docking studies revealed that COX-
1 had active sites (TYR355 and ARG120) consistent with COX-2
(TYR356 and ARG121) (! 15, 1). These results indicated that the COX-1
receptor-binding pocket conformation resembles that of the COX-2
binding pocket and raises the possibility that inhibiters intended for
COX 1 mny also inhibit lhc .'tcnwly of COX-2 (Iuaralinwg o o, e
Jar e al. 2020 Rlan o al., 2017},

n:ldllwml in wvostmllcs w:lh RA and CA shauld be performed to see
how these two compounds act individually in a living system and to
confirm their action, as metabolic transformations must also be
considered.

e
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3.4. Molccular dynamics simulation and analysis

The structure obtained after the molecular docking simulation was
used as initial for the molecular dynamics simulation. To examine the
system propertics, including the overall stability, local residue and
general structure fluctuations through, the molecular dynamic analyses
were performed using Root Mean Square Deviation (RMSD), Root Mean
Square Fluctuation (RMSF), and Radius of gyration (Rg) (1 s 2).

‘The dircct changes in the protein from the initial coordinates can be
measured by the RMSD, These values of the protein COX-1 backbone
(C-Cu-N) with and without ligand in the active site of protein were
computed for the initial structure as a frame reference (0-20 ns)

(tip. “A). The RMSD value for RA-COX-1 steadily increased from 0 to 10
ns and reached an equilibration that-remained throughout the simula-
tion period. The average RMSD value for the RA-COX-1 mmplcx (0.34
+ 0.08) is higher than the unbound COX-1 receptor (0.25 & 0.04)
indicating that there are conformational changes and a slight dccreasc in
receptor rigidity after binding of RA to active site, The difference in the
average RMSD values is due to the larger fuctuation of the values
indicating that RA in the active site has a more significant effect on the
conformational changes and accommodation of investigated compound.

The average of RMSF values of the 8867 amino acids of COX-1
prolein in the presence RA and without RA, over the simulation
period, was calculated to explore the local protein flexibility (1ig, 2B).
The average RMSF value for RA-COX-1 is 0.11 + 0.06 nm and slightly
higher than unbound COX-1 receptor (0.10 = 0.06 nm). Changes in local
flexibility are a consequence of ligand accommodation in the active site
of the receptor. Amino acids ARG120, TYR355, VAL349, SER354,
ALAS27, ILES23, LEUS32, and MET523 (amino acid residues as dis-
cussed in molecular docking analysis) in active sites of RA-COX-1
complex show little change flexibility (intense oscillations) than the
unbound COX-1 receptor. The fluctuations of amino acids in complex is
lower due to the new interactions formed with RA.

The radius of gyration (Rg) of the protein is associated with its size
and compactness. The Rg values of the complex between a COX-1 and
A and unbound COX-1 were calculated and presented in ¥, 2C. The
average Rg value of RA-COX-1 complex (2.43 £ 0.01 nm) is higher than
unbound COX-1 (2.40 + 0.008 nm), Slightly higher fluctuation Rg value
indicate larger conformational changes in the secondary structure of
COX-1 when the investigation compound bound to the active site. The
MD simulation results confirmed the stability of investigated compound
at the active site of the target receptar.

4. Conclusion

This study examined the anti-inflammatary activity of essential oils
(in virro) and methanol extracts (in vitro and in vivo) of hyssop herb, as
well as the inhibitory effect of the dominant ingredients of the tested
extracts (chlorogenic and rosmarinic acids) on the activity of COX-1 and
COX-2 enzymes (in silico).

Significant inhibitory activity was shown in the COX-2 test regarding
extracts (essential oils did not show any significant activity). Namely, all
analyzed extracts (at a concentration of 20 pg/ml) showed a percentage
of inhibition of COX-2 enzyme activity, which did not indicate a sta-
tistically significant difference from the positive control of celecoxib (at
a concentration of 8.8 pM). All extracts tested in vivo (at a dose of 200
mg/kg) exhibited a statistically significant (p < 0.05) degree of inhibi-
tion of rat paw edema compared to the control in the second phase of
carrageenan-induced inflammation, which is inter alia characterized by
prostaglandin synthesis. The inhibitory nature of investigated ligands
toward the COX-1 and COX-2 receptors was examined in silico by the
means of molecular docking studies. According to the results of the
molecular docking analysis, the RA and CA achicve a more effective
interaction with target receptors. The most important interactions are H-
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Fig. 2. The results of molecular dynamics simulation and analysis: A - The plot
of rout mean square deviation (RMSD) of C-Cu=N backbune vs. simulation time
for COX-1 in complex with RA and without RA during 20 ns molecular dy-
namics simulations; B - The root mean square fluctuation (RMSE) values of RA-
COX-1 and COX-1 was plotted against residue numbers; € = Rg plots of COX-1
receptor with and without RA in active sites during 20 ns MD simulation.

bonds, #-z, and #-alkyl. The preliminary results suggest that investigated
compounds show better inhibitory activity against COX-1 and COX-2
than standard NSAID, ibuprofen, as evident from the free binding en-
ergy (AGhing in kJ mol ™).

The results obtained indicate a good anti-inflammatary potential of
hyssop herb and support the traditional use of the herb in some in-
flammatory pracesses in folk medicine. They also lead to the preliminary
conclusion that the mechanism of action of the tested methanol extracts
of hyssop herb, inhibition of prestaglandin synthesis, is most likely

Journal of Ethnopharmacology 293 (2022) 115201

through the inhibition of COX enzyme activity (probably, among athers,
contributed by the dominant ingredients, chlorogenic and rosmarinic
acids), especinlly COX-2, as shown in in vitro testing, which could have
practical significance, given that numerous side effects of drugs, which
have an inhibitery effect on COX- enzyme activity, originate from
simultancous strong inhibition of COX-1 enzyme (which is a constitutive
enzyme in many healthy tissues), in addition to COX-2. However,
further studics are required to determine the exact mechanism of action,
optimal doses, and method of use,
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BIOGRAFIJA - Tijana Micovi¢

Tijana Micovi¢ je rodena 15.09.1990. godine u Niksicéu, gdje
je zavrSila osnovnu i srednju $kolu, kao dak generacije i dobitnik
diplome “Luca”. Kao ucenicu Gimnazije “Stojan Cerovi¢”, na
prirodno-matemati¢kom smjeru, posebno je zanimala oblast hemije,
iz koje je nadogradivala znanja i ucestvovala na brojnim

takmicenjima. Tako je na Drzavnom takmicenju uéenika srednjih

Skola, 2006. godine osvojila prvo mjesto iz oblasti opste i neorganske

hemije, a 2008. godine, prvo mjesto iz oblasti organske hemije.

Farmaceutski fakultet u Podgorici UCG (petogodisnje studije) je zavrsila u roku, 2014,
godine, sa prosje¢cnom ocjenom “A” (9.99), kao student generacije i dobitnica Plakete
Univerziteta Crne Gore za najboljeg svrSenog studenta u Crnoj Gori iz oblasti tehnickih,
prirodno-matematickih i medicinskih nauka za studijsku 2014/15. godinu. Tokom perioda
studija, dobila je brojne nagrade i priznanja za postignute rezultate (nagrada Univerziteta Crne
Gore za studenta generacije Farmaceutskog fakulteta sa prosje¢nom ocjenom 10.00, 2011.
godine; Atlas stipendija za najboljeg studenta Farmaceutskog fakulteta, 2014. godine;
Studentska nagrada “18. septembar” Opstine Niksi¢, za najboljeg studenta Farmaceutskog

fakulteta, 2014. godine; stipendije Ministarstva prosvjete i nauke).
Od 2015. godine, zaposlena je u Institutu za ljekove i medicinska sredstva Crne Gore.

Od zavrSetka studija (2014. godine), angazovana je i kao saradnik u nastavi na
Medicinskom fakultetu u Podgorici (studijski program Farmacija); od 2017. godine, prakti¢nu

nastavu izvodi na predmetima Farmakognozija I, II i Fitoterapija.
Jezici: engleski 1 ruski.

Hobi: Pisanje poezije i kratkih prica (2007. godine izdala je knjigu refleksivne poezije

LIsprekidani glasovi”).
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farmacija i Farmaceutska tehnologija i kozmetologija
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BIOGRAFIJA ZORICA POTPARA

Rodena sam 08.01.1963.god. u Nikgi¢u. Crna Gora. Osnovnu $kolu zavrsila sam u
Niksicu kao nosilac diplome Luca L. Gimnaziju. smjer biohemija i molekularna biologija.
savidila sam 1981.god. u Beogradu kao nosilac Vukove diplome.

Skolske 1981/82.godine upisala sam Farmaceutski fakultet Univerziteta u Beogradu, a
diplomirala na istom u novembru 1985.god.

Skolske 1988/89.godine upisala sam zdravstvenu specijalizaciju iz farmaceutske tehnologije na
Farmaceutskom fakultetu u Beogradu. u trajanju od tri godine. Specijalizacija je bila raspisana za
potrebe proizvodnjc Galenske laboratorije pri AU ~Montefarm™. Specijalisticki ispit sa temom
~Tablete Paracetamola 4 500mg” (mentor prof.dr Milica Jovanovié. prof.dr Zorica Duric).
odbranila sam u novembru 1991.godine, stekavdi naziv specijalista farmaceutske tchnologije.
Rezultati istrazivanja su iskoridteni za izradu formulacije tableta Paracetamola. koje su sc¢
izradivale kao galenski preparat.

2007.god. upisala sam doktorske studije na Medicinskom fakultetu u Kragujeveu. smijer
Eksperimentalna i klinicka farmakologija. Doktorsku disertaciju .. Ispitivanje bioloske aktivnosti
preparata peloida sa lokaliteta ulcinjske obale Jadranskog mora™. pod mentorstvom prof.dr
Slobodana Jankovi¢a, odbranila sam u decembru 2011.god. na Medicinskom fakultetu u
Kragujeveu i stekla akademsko zvanje doktora medicinskih nauka. Eksperimentalni dio teze jc
raden u PZU"Fontis™, koji je obuhvatio ispitivanja dejstva dermokozmetickog preparata za akne
i njegu koZze, sa prirodnim resursom-morskim peloidom sa podruja ulcinjske Solane. Rezultati
ispitivanja su potvrdeni kroz dugogodignju primjenu preparata. sa odli¢nim ishodima.

Obavezni pripravnicki staz za farmaceute obavila sam u apoteci Zemun™ u Zemunu,
opstina Beograd. 1986.god. a nakon toga polozila drzavni ispit.
1987.god. poinjem da radim u apoteci ,Podgorica™ u Podgorici u okviru Apotekarske Ustanove
Crne Gore.
1988.godine prelazim u novootvorenu galensku laboratoriju i iste godine zbog potreba
proizvodnje upisujem specijalizaciju iz farmaceutske tehnologije u Beogradu gdje provodim
naredne tri godine.
Po povratku u Podgoricu. nastavila sam sa radom u galenskoj laboratoriji gdje se proizvodilo
vide od 40 galenskih pripravaka. Za potrebe proizvodnje sirupa, boravila sam u fabrici ljekova
~Galenika” u Beogradu. gdje sam radila transfer iz laboratorijske u serijsku proizvodnju. zbog
potreba trzista Crne Gore.
Kao specijalista farmaceutske tehnologije. ucestvovala sam u izradi mnogih formulacija
galenskih preparata. koji su distribuirani na teritoriji Crne Gore.
Od 1997. do 2001.god. radila sam u ICN-u Crna Gora. gdje sam bila rukovodilac pogona 7a
izradu Flonivina BS.
2001.god. sam na mjestu direktora proizvodnje u novootvorenoj fabrici ¢vrstih  oblika
_Habitpharm™, u Podgorici.
2002. godine fabriku preuzima _Hemomont* i kao rukovodilac ¢vrstih formi radim na transferu
tehnologije ¢€vrstih farmaceutskih oblika iz fabrike .| lemofarm™ Vrsac.
2003.godine prelazim u privatnu dermatovenerolodku ordinaciju _Fontis". koja u svom sastavu
ima proizvodnju dermokozmetickih preparata za njegu zdrave i lije¢enje problematicne koze .
Radim na kreiranju novih preparata kao rukovodilac proizvodnje.



Aktivno sam udestvovala u pripremi elaborata za otvaranje Samostalnog studijskog programa
Farmacije u Podgorici. koji je otvoren 2007.god. a 2010.god transformisan u Farmaceutski
fakultet. Tokom ovog perioda bila sam saradnik na predmetima:

Farmaceutska tehnologija I, Farmaceutska tehnologija I1,

Farmaceutska tehnologija I11. Industrijska farmacija i koordinator za stru¢nu praksu.

Odlukom Senata br.08-2713 od 19.12. 2013. izabrana sam u zvanje docenta na Univerzitetu
Crne Gore, a potom zasnovala radni odnos na Farmaceutskom fakultetu, danas studijskom
programu Farmacija na Medicinskom fakultetu.

Bila sam ¢&lan Strukovnog vije¢a za prirodne i tehni¢ke nauke, ¢lan Scnata Univerziteta Crne
Gore. dekan Farmaceutskog fakulteta ( jun-septembar 2015.godinc), do integracije sa
Medicinskim fakultetom.

17.03.2016.godinc imenovana sam za rukovodioca studijskog programa Farmacija na
Medicinskom fakultetu u Podgorici. Prvi sam farmaceut doktor nauka u Crnoj Gori i prvi
farmaceut-nastavnik na Farmaceutskom fakultetu u Podgorici. danas studijskom programu
Farmacija.



PREGLED RADOVA

I -Radovi objavljeni u ¢asopisima koji se nalaze u medunarodnim bazama
podataka

Zorica Potpara, Snezana Pantovic, Natasa Duborija-Kovacevic. Vanja Tadic.Tanja
Vojinovic and Nada Marstijepovic.The Properties of the Ulcinj Peloid make it Unique
Biochemical Laboratory Required for the Treatment of Problematic Skin and Health Care.
Natural Product Communications. 2017: 12(6) :p911-14. ISSN 1934-578X (printed): ISSN
1555-9475 (online)

TanjaVojinovic. Djordje Medarevi¢. EdinaVranic, Zorica Potpara, MarkoKrsti¢. Jelena
Djuris, Svetlanalbri. Development of ternary solid dispersions with hydrophilic polymer and
surface adsorbent for improving dissolution rate of carbamazepine. Saudi Pharmaceutical
Journal. 2018 ;26(5): p 725-32.1SSN:1319 -0164

Zorica Potpara, Natasa Duborija-Kovacevic. Effects of the peloid cream from  the
Montenegrin Adriatic coast on skin humidity. tansepidermal water loss and erythema index.
examined with skin bioengeneering in vivo methods. Farmacia 2012: Vol.60(4): str.524-34
Slobodan Jankovi¢. Dragica Bojovi¢. Dubravka Vukadinovi¢, Elmedina Daglar. Marija
Jankovié, Dragomir Laudanovic, Vladan Luki¢, Vesna Miskovic. Zorica Potpara. lvana
Projovi¢, Vesna Cokanovi¢, Nadezda Petrovi¢, Marko Foli¢. Viktorija Savi¢. Faktori rizika
od nastanka rekurentne vulvovaginalne kandidijaze. Vojnosanitetski pregled 2010. Vol.
67(10): str.819-25

I1-Poglavlja u knjizi

Potpara Z. Duborija-Kovacevi¢ N. Farmakopeja. U: Duborija- Kovacevic N i sar. Oblici
liekova sa recepiurom. PRiSMA- korporativne komunikacije. Podgorica. 2015. p.57-66.
ISBN 978-9940-93 14-4-4-5 COBISS.CG-1D 27254032

Potpara Z. Bojovi¢ D. Ljekoviti aktivni principi biljnih droga . U: Duborija- Kovacevi¢ N i
sar. Oblici ljekova sa recepluroni. PRiSMA- Kkorporativne komunikacije. Podgorica. 2015.
p.39-57. ISBN 978-9940-93 14-4-4-5 COBISS.CG-ID 27254032

I1I- Medunarodni kongresi, simpozijumi i seminari

Dragana Markovi¢, Ana Todorovi¢. Zorica Potpara. Modern Pharmaceutical forms whith
pulsatile drug release- Pulsincap. 37" International medical scientific congress in Ohrid.
May 2014.  ISBN 978-608-4596-59-2

Jovanovié-Djuraskovi¢ M. Karadzic J. Potpara Z. Development of Pharmacy in the History
of Montenegro. 40" International Congress for the History of Pharmacy. Berlin 2011:
Pharmacy and Books. p. 92-3.

Potpara Zorica. Jankovi¢ Slobodan. The mineral mud in dermocosmelics preparations in
reatment of acne. N Congress of pharmacy of Macedonia with International partitipation.
Ohrid 2011. Macedonian pharmaceutical bulletin 57(suppl.) 2011. p.263.




Marstijepovic N.. Kovacevic D.. Potpara Z. Analysis of the samples of clays with location
Montenegro on the microstruciure of the sintered products. 2™ International samsonov
Memoral Conference. .Materials Science of Refrectory Compounds. Kyiv. 2010. Ukraina

N. Marstijepovic. D. Kovacevié. Z. Potpara. Comparison granulometric analysis sample
illite-kaolinite clays on the microstructure of sintered product X1V International Clay
Conference — Italy 2009. Book of abstract, Vol. 11 p. 562-3

N. Marstijepovi¢. Z. Potpara. Analiza ugroZenosti pri udesima i zastita Zivome sredine.
7bornik radova — Zastita, Novi Sad. 2010.. Srbija, p.271-80

Z. Potpara, S. Vuturovic. L Arsi¢. V.Tadi¢. Fitokozmetika i balneologija- mogucnosl
razvoja novih proizvoda za njegu i -astitu koZe. 1X Dani lekovitog bilja. 2008. Kosmaj.
Zbornik radova. p.100-1

IV-Domaéi kongresi, simpozijumi i seminari

Snezana Pantovi¢. Najdana Gligorovi¢-Burhanovic, Zorica Potpara. Nebojsa Kavaric.
Antioksidativna odbrana i inflamacija u resteniozi nakon perkutane koronarne intervencije. 11
Kongres farmaceuta sa medunarodnim u¢eséem, Begici .2015. Zbornik sazetaka , ISBN 978-
9940-9314-3-8; p.163-4

Drljevi¢ Ivana, Luka¢ Dzana. Pacariz Amina, Durkovi¢ Alisa. Potpara Zorica. Alergije-
najceséi simptomi i uzrocnici. 11 Kongres farmaccuta sa medunarodnim uces¢em. BecCicl.
2015. Zbornik sazetaka . ISBN 978-9940-9314-3-8: p.220-1

Lukat Dzana. Drljevi¢ lvana, Potpara Zorica. Uloga farmaceuta u samomedikaciji. 11
Kongres farmaceuta sa medunarodnim u¢eséem. Becici. 2015. Zbornik sazetaka . ISBN 978-
9940-9314-3-8: p.238-9

Amina Kutevi¢. Ana Zuri¢. Tijana Dabovi¢. Zorica Potpara. Racionalna upotreba
antibiotika medu studentima farmacije. Il Kongres farmaceuta sa medunarodnim uceScem.
Betiéi. 2015. Zbornik saZetaka, ISBN 078-9940-93 14-3-8: p.234-5

Saboti¢ Sabina. Andeli¢ Kristina, Koprivica Tijana, Potpara Zorica. Upotreba dijetetskih
suplemenata za smanjenje tjelesne mase. [ Kongres farmaceuta sa medunarodnim ucescem.
Betici. 2015. Zbornik saZetaka , ISBN 978-9940-9314-3-8: p.250-1

Nikoli¢ Marija. Cmiljani¢ Sladana. Potpara Zorica. Primjena neopioidnih anal getika u Crnoj
Gori. 11 Kongres farmaceuta sa medunarodnim ucedéem. Begici. 2015. Zbornik sazetaka .
ISBN 978-9940-9314-3-8: p.244-3

Miomir Soski¢. Vanja Tadi¢. Dragica Bojovi¢. Zorica Potpara. Zinaida Kala¢. Andela
Dragkovi¢. Uporedna hemijska analiza ctarskih ulja izolovanih iz cvijeta lavande (Lavandulae
flos. Lamiaceae) razli¢itog geografskog porijekla. 1l Kongres farmaccuta sa medunarodnim
udedcem. Beciéi. 2015. Zbornik sayetaka ISBN 978-9940-9314-3-8: p.183-5

Saboti¢ Sabina. Andeli¢ Kristina, Koprivica Tijana, Potpara Zorica. Usc of dictary
supplements for weight loss. [1 Kongres farmaccuta sa medunarodnim ugeséem Begici. 2015.
Zbornik radova

Drljevi¢ Ivana, Lukat DZzana. Pacariz Amina, Durkovi¢ Alisa, Potpara Zorica . Allergies -
the most common symptoms and causes. 11 Kongres farmaceuta sa medunarodnim uceS¢em
Beti¢i. 2015. Zbornik radova

Amina Kutevi¢. Ana Zuri¢. Tijana Dabovi¢, Zorica Potpara. The rational use of antibiotics
among the students on faculty of pharmacy. Il Kongres farmaceuta sa medunarodnim ucescem
Beéidi. 2015. Zbornik radova




Luka¢ Dzana, Drljevi¢ Ivana, Potpara Zorica. The role of pharmacist in sclf — medication.
1l Kongres farmaceuta sa medunarodnim ucescéem Begici, 2015. Zbornik radova

Nikoli¢ Marija, Cmiljani¢ Sladana. Potpara Zorica. Use of non-opioid analgesics in
Montenegro. 11 Kongres farmaccuta sa medunarodnim uce$¢em Becici. 2015.  Zbornik
radova

Potpara Zorica, Jankovi¢ Slobodan. Peloid u dermokozmetickim preparatima. 1 Kongres
farmaceuta Crne Gore sa medunarodnim uc¢e$¢em Becici, 2011. Zbornik radova. 2011. p.
40-41

Vojinovi¢ A. Soski¢ M. Sarkinovi¢ E. Potpara Z. dkne: prevalence i faktori nastanka. 1
Kongres farmaceuta Crne Gore sa medunarodnim uced¢em. Becici, 2011. Zbornik radova.
160-161.

Marstijepovic N.. Nikoli¢ D., Potpara Z. Mikroalge kao izvor energije. 1 Medunarodna
konferencija. Zastita, ekologija. bezbjednost. Bar, Crna Gora . 2012. Zbornik radova.

Ana Todorovi¢ , Dragana Markovié . Zorica Potpara. Modern pharmaceutical forms whit
pulsatile drug release-Pulsincap® . 37th International Medical Scientific Congress in Ohrid

V- Uvodno, objavljeno plenarno predavanje

Zorica Potpara. Farmaceutski fukultet u Podgorici-sadasnjost i perspektive. 11 Kongres
farmaceuta sa medunarodnim uceséem. Becici, 2015. Zbornik sazctaka, ISBN 978-9940-
9314-3-8.p.68-9

Zorica Potpara. Zeljka BeSovi¢, Majda Sahman-Zaimovi¢. Regulativa u oblasti ljekova u
Crnoj Gori. Racionalna terapija. 2017. Vol. 9. No.1.p:109-110. [SSN:1821-0538

Zorica Potpara. Genericki ljekovi-dio zdravog resenja. V Medical konferencija sa
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Beorpan, 11. mapt 2020. roauue
02 Bpoj: 61202-707/3-20
Ch

Ha ocroBy ui1. 75 3akona o BuCOoKoM obpasosamy (,Cryx6enu rnacunk PC”, 6p. 88/17,
73/18 1 67/19), un. 43 ct. 1 Tau. 22 w 4. 44 ct. 4 CratyTta Yuusepsurtera y beorpany (,,I'nacunk
Yuusepsutera y Beorpamy”, 6p. 201/18, 207/19 u 213/20), . 26 ct. 1 m ct. 2 Tau. |
TIpaBHJINNHKE O HAWHHY H NOCTYHRY CTHIAIba 3Barba W 3aCHHBAMA PAJHOT OAHOCA HACTABHHKA
Vuupepautera y Beorpany (,,I'macunk Yuusepsurera y beorpany”, 6p. 200/17 n 210/19) n
[TpaBHINHKZ O MHHMMAIHHM YCTOBHMA 33 CTHIAIGC 3Barba HACTaBHHKA HA YHHUBEP3UTETY Y
Beorpany (,,Imacuux Yuusepsuteta y Beorpany”, 6p. 192/16, 195/16, 197/17, 199/17 n 203/18),
a na npejutor MsGopnor seha dapmaueytckor dakynrera, Op. 225/1 on 30. janyapa 2020.
rofMHe H MHLIbera Beha Hayunnx o6nacti MeHUMHCKHX Hayka, 02-01 6p. 61202-707/2-20 on
25. pebpyapa 2020. roaune, Cenat YHuBep3uTeTa, Ha cenanuuu onpxanoj 11. mapra 2020.
roJIMHe, JIOHEO je

OOQINYKY

BUPA CE np 3opan MakcumoBnh, y 3Batbe pefloBHOT nipodecopa Ha Y HHBEP3UTCTY y
Beorpany — ®apmaneyTcku (akyaTert, 3a yxKy Hayuny obnact dapmakoTHO3Mja.

OBPA3JIOXKEILE

Mapmarneytckn  dakynter (,,Pakynret) je mana 30. oktobpa 2019. roamue, y
ny6mukammjn ,,Jlocnosy”, 06jaBuo KoHKypc 3a n360p y 3Bame peJloBHOT npodecopa, 3a yxy
Hayuny obnact ®apmaxorno3Hja, 36or ucrexka n3bopor nepHona.

Pedepar Komucnje 3a npunpemy pedepata o npHjaB/beHHM KaHAHIATHMA CTaBIbCH je
1na yBHJI jaBHOCTH JiaHa 24. neuem6pa 2019. roausie Ha cajry PakynTera.

Ha ocnoBy npeuiora KomucHje 3a npunpemy pedepara o npHjaB/beHHM KaHAHIATHMA,
H36opuo Behe akynTera, Ha CSHHIM OApKaHOj nana 31. janyapa 2020. roaune, [oHeno je
onyKy o yrephuBaiy npejuiora ja ce kaHmuaar ap 3opan Makcumosuh uzabepe y 3Bame
penosHor npodecopa.

dakynrer je nana 5. ¢ebpyapa 2020. romune n0oCTaBHO YHHBEP3HUTETY KOMIUICTaH
3axTeB 3a 360p y 3Bame Ha MponHcaHuM obpacunma.

VHHBEP3UTET je KOMIICTHY IOKYMEHTalH]y Kojy je ocTapio (PakynTeT CTaBHO Ha web
crpanuiy YHusep3uTera naHa 18. gpebpyapa 2020. ronune.
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Behe HayYHHX 061aCTH MEMMIUMHCKHX HayKa, Ha CeJHHLH ozpxaHoj fnaHa 25. ¢pebpyapa
2020. ronune nano je MuuUbese na ce ap 3opan Makcnmosuh Moxke n3abparu y 3Bame peioBHOr
npogecopa.

Cenar YHuBep3uTeTa, Ha CCAHNLH OApKaHOj iaHa 11. mapta 2020. roauHe pasMatpao
je 3axTeB (aKynTeTa M YTBPAHO [a KAHAH/AT HCIyHaBa YCIOBE npomnucade wi. 74 u 75 3akona
O BHCOKOM 0Opa3oBaiby, wianom 135 Craryra Yuusepsuteta y Beorpamy, Kao M yciose
nponucane IIpaBUIHMKOM O MHHHMMAQJIHHM YCJOBHMA 33 CTHLAWE 3Bafba HACTABHHKA Ha
YHusepsutety y Beorpajy, na je oHera ouyka kao y H3penH.

I[NOYKA O ITPABHOM JIEKYV:

IIpoTHB OBe O/UIyKe KaHJMIAT NPHjaB/bEH HA KOHKYPC MOKe M3jaBUTH xanby Cenaty
YHuBep3uTeTa, npexo Paxynrera. Xanba ce nocrasma Pakynarery y poKy o 8 naHa o aaHa
JOCTaBJbatba OJUIYKE.
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Marinkovi¢ N, Matovié¢ I, Maksimovic Z, Anti¢-Stankovi¢ J. Antimicrobial activity of traditional herbal drug
mixture. PHYTOPHARM 2007, 11" International Congress, June 27" - 30™ 2007, Leiden, Netherlands.
Maksimovic Z, Stojanovic D, Kukic J. The investigation on the antioxidant potential of the Mt. Sokolska
planina spontaneous flora. 5" Balkan Botanical Congress, September 07-11, 2009, Belgrade, Serbia. Book
of abstracts:142

Zivkovic J, Maksimovié Z. In vitro antioxidant activity of some Veronica species from Serbia. 6™ CMAPSEEC,
18.-22.04.2010, Antalya, Turkey. Pharmacognosy Magazine, Supplement; 594.

Maksimovi¢ Z, Cebovi¢ T. Influence of Filipendula hexapetala Gilib. (Rosaceae) flowers to functional status
of hepatic enzymes in rats. 6™ CMAPSEEC, 18.-22.04.2010, Antalya, Turkey. Pharmacognosy Magazine,
Supplement: 594.

Arsenijevic J, Maksimovic Z, Razi¢ S. Determination of zinc, iron and manganese in Thymus pannonicus All.
(Lamiaceae) and rhizosphere soil samples from several locations in Serbia. 6" CMAPSEEC, 18.-22.04.2010,
Antalya, Turkey. Pharmacognosy Magazine, Supplement: $164.

Jevdovié R, Todorovi¢ G, Kosti¢ M, Maksimovi¢ Z, Markovi¢ J, Dimitrijevi¢ S, Miti¢ S. Variety factor content
of essential oil in common Thyme leaves (Thymus vulgaris L). 22nd International symposium ,Food safety
production, 19-23 June, 2011, Trebinje, Bosnia and Herzegovina.

Arsenijevic J, Drobac M, Zivkovic J, Sostari¢ |, Milenkovi¢ M, Maksimovi¢ Z. Antimicrobial and antioxidant
properties of Thymus pannonicus All. infusion. 7" Conference of the Association for Medicinal and
Aromatic Plants from the South-East European Countries (AMAPSEEC), May 27-31, 2012, Subotica, Serbia.
Book of Abstracts, p. 104.

Zivkovi¢ J, Jankovié T, Maksimovic¢ Z (2012). Aucubin content in methanolic extracts of several Veronica
species. 7'" Conference of the Association for Medicinal and Aromatic Plants from the South-East
European Countries (AMAPSEEC), May 27-31, Subotica, Serbia. Book of Abstracts, p. 49.

Razi¢ S, Arsenijevi¢ J, Maksimovi¢ Z, Markovic J, Soétari¢ 1. Analysis of volatile fraction of Thymus
pannonicus and correlations with inorganic plant composition by static headspace gas chromatography,
mass spectrometry and atomic spectrometry. 4th EuCheMS Chemistry Congress, August 26-39, 2012,
Prague, Czech Republic.

Arsenijevi¢ J, Cebovit T, Zivkovic J, Sostaric I, Maksimovié Z. In vivo antioxidant activity of deodorized water
extract of Thymus pannonicus. FIP Centennial Congress of Pharmacy and Pharmaceutical Sciences, October
3-8, 2012, Amsterdam, The Nederlands.

Ignjatovi¢ B, Tovilovié G, Zivkovié J, Maksimovi¢ Z, Tomié M, Savikin K. Neuroprotective potential of
methanol and aqueous-acetone extracts from three Veronica species against oxidative stress. 1st
International Conference on Plant Biology, 20th Symposium of the Serbian Plant Physiology Society,
Subotica, 4-7.6.2013.

Tovilovi¢ G., Ignjatovié D., Zivkovic J., Maksimovi¢ Z., Tomi¢ M., Savikin K.: The influence of methanol and
aqueous-acetone extracts from three Veronica species on wound healing process. 1st International
Conference on Plant Biology, 20th Symposium of the Serbian Plant Physiology Society, Subotica, 4-
7.6.2013

Arsenijevic J, Maksimovié Z, Cebovic T. Evaluation of antitumour and antioxidant activity of deodorized
aqueous extract of Thymus pannonicus. Natural Products in Cancer Prevention and Therapy. 25.-
28.06.2013, Naples, Italy. Book of Abstracts, p. 29.

Arsenijevic J, Maksimovic Z, Sostaric I, RaZi¢ S. Metals and volatile organic compounds in Thyme samples —
from spectroscopy and chromatography via chemometrics to biosynthesis. EUROanalysis 2013,
25.29.08.2013, Warsaw, Poland. Book of Abstracts p. 95.

Arsenijevi¢ J, Drobac M, Maksimovi¢ Z, Soétari¢ |. Seasonal variation of rosmarinic acid content, essential
oil yield and essential oil composition of Hungarian Thyme. International Conference on Natural Products
Utilization — From Plants to Pharmacy Shelf. 03.-06.11.2013. Bansko, Bulgaria. Book of Abstracts, p. 84.
Barreira JCM, Stojkovi¢ D, Maksimovi¢ Z, Zivkovi¢ J, Santos-Buelga C, Ferreira ICFR. Phenylethanoid
glycosides in Veronica urticifolia extracts: characterization by HPLC-DAD-ESI/MS. 8° Encontro Nacional de
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Veronica jacquinii Baumg. and Veronica teucrium L. methanolic extracts, 2nd International Conference on
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Plant Biology and 21st Symposium of the Serbian Plant Physiology Society, 17-20 June 2015, Petnica,
Serbia. Book of Abstracts, p. 70.

Razic S, Arsenijevic J, GadZuri¢ S, Maksimovi¢ Z. Headspace extraction of volatile organic compounds of
Hungarian thyme infusions {0103). EUROanalysis XVIII, 6-10 September 2015, Bordeaux, France. Book of
Abstracts, p. 147

Cebovié T, Arsenijevic J, Maksimovi¢ Z. Chemical and pharmacological characterization of aerial parts of
wild growing and cultivated Thymus pannonicus All. (Lamiaceae), 7th Int. Conference on Drug Discovery
and Therapy (7th ICDDT); Feb 15-18 2016, Sharjah, UAE. Abstract Book, page 7.

Jakovljevié D, Cetojevi¢-Simin D, Cebovi¢ T, Maksimovic Z, Desanéi¢ J, Petrovic¢ V. Non-tumor/tumor I1C50
effects of Rumex crispus fruit extract. International Congress FoodTech 2016: Ill International Congress
“Food Technology, Quality and Safety”; Oct 25-27 2016, Novi Sad, Serbia. Proceedings, page 60.
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All. from different locations in Serbia. 3rd International Conference on Natural Products Utilization — From
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4. Nacionalne monografije, tematski zbornici, leksikografske i kartografske publikacije nacionalnog znacaja;
naucni prevodi i kriticka izdanja grade, bibliografske publikacije
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Maksimovi¢ Z: Kukuruzna svila — Maydis stigma. Zaduibina Andrejevi¢, Beograd, 2005. ISSN 0354-
7671;192. ISBN 86-7244-442-6.

Maksimovic Z: Antioksidantni potencijal lekovitih biljaka. U: Oksidativni stres (M. Buki¢, urednik), Mono i
Manjana, Beograd, 2008. ISBN 987-86-7804-156-3

Jevdovic R, Todorovic G, Kostic M, Markovic J, Z Maksimovi¢, Jevdovié¢ M, Miti¢ S. (2012) Variranje prinosa i
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Melioracije 12, Tematski zbornik radova, Univerzitet u Novom Sadu, Poljoprivredni fakultet, Departman za
uredenje voda 123-127.
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Maksimovic Z, Cai SQ, Dong SW (2005). Determination of the chemical composition of Maydis stigma light
petroleum extract by GC-MS. Arhiv za farmaciju 55: 12-20.
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Davidovic V, Lazarevi¢ M, Joksimovié-Todorovié M, Maksimovié Z, Jovanovi¢ M (2008). Primena Helleborus
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Maksimovié¢ Z (2009). Primena biljnih lekova kod benigne hiperplazije prostate. Arhiv za farmaciju 59: 488-
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ekstrakata podzemnih organa Helleborus odorus W. et K. na crvenu krvnu sliku Wistar pacova. Veterinarski
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32:47-58

Maksimovi¢ Z, Petrovi¢ S, Samardzic¢ S (2013). Primena biljnih lekovitih proizvoda u dermatologiji. Arhiv za
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metanolnim ekstraktima vrsta Veronica montana, Veronica beccabunga i Veronica polita. Lekovite sirovine
33:53-61

Maksimovi¢ Z, Samardzic S (2016). Biljni lekoviti proizvodi za ublaZavanje bola kao simptoma osteoartritisa.
Arhiv za farmaciju 66(6): 284-292.

Cilovié E, Brantner E, Tran HT, Arsenijevi¢ J, Maksimovic Z (2019). Methanol extracts and volatiles of
Telekia speciosa (Schreb.) Baumg. from Bosnia and Herzegovina. Technologica Acta 12(1): 9-13.
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Maksimovi¢ Z (2019). Biljni lekoviti proizvodi za ublaZavanje simptoma urinarnih tegoba. Arhiv za
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Ivanovi¢ N, Markovi¢ J, Maksimovi¢ Z, Kuki¢-Markovi¢ J, Bordevic B (2019). Koncept odrzive ishrane. Hrana
i ishrana, 60(2), 65-71. https://doi.org/10.5937/hralsh1902065I

Samardsi¢ S, Tucovié A, Stojanovié D, Maksimovi¢ Z (2020). Isolation and seasonal variation of fruticin in
fruits of false indigo-bush (Amorpha fruticosa L. Fabaceae) from Serbia. Lekovite sirovine. 40:52-56.
https://doi.org/10.5937/leksir20400525

Maksimovic, Z (2021). On Frankincense (Olibanum, Boswellia spp., Burseraceae). Arhiv za farmaciju, 71(1):
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Filipovi¢ V, Ugrenovic V, Maksimovic Z, Popovic V, Paunovic D, Sarcevic-Todosijevic L, Popovic S (2020).
Uticaj fitohormona na vegetativno razmnoZavanje razlicitih formi panonskog timijana (Thymus pannonicus
All.). Selekcija i semenarstvo. 26(2):39-52. https://doi.org/10.5937/SelSem2002039F

6. Zbornici skupova nacionalnog znagaja (M60)

1.

Maksimovié Z, Lali¢ Z, Gorunovié¢ M. Farmakognozijsko istraZivanje Helleborus serbicus Adam.
Ranunculaceae. I: Masne kiseline ulja podzemnih organa. Drugi Kongres farmaceuta Jugoslavije sa
medunarodnim uéeiéem, 23-27. novembar 1998, Beograd, Jugoslavija

Popovic J, Petrovié S, Maksimovic Z, Gorunovi¢ M. Sezonsko variranje sadrZaja antracenskih derivata u
korenu €apljana, Asphodelus albus Mill., Liliaceae. XXV Savetovanje o lekovitim i aromaticnim biljkama, 9-
14. juni 2002, Bajina Basta, Jugoslavija.

Maksimovié¢ Z, Kovagevi¢ N. Preliminarno ispitivanje antioksidativne aktivnosti ekstrakata droge Maydis
stigma. XXV Savetovanje o lekovitim i aromaticnim biljkama, 9-14. juni 2002, Bajina Basta, Jugoslavija.
Maksimovit Z, Petrovi¢ S, Pavlovic M, Dogovi¢ N, Kovagevi¢ N. Antioksidativna aktivnost metanolnog
ekstrakta cvetova Filipendula hexapetala Gilib., Rosaceae. Trecéi Kongres farmaceuta Jugoslavije sa
medunarodnim uéeéem, 29. oktobar — 2. novembar 2002, Beograd, Jugoslavija.

N. Kovacevi¢, Z. Maksimovi¢, K. Gaon, M. Risti¢: Quality Control of Calamus, Calami rhizoma, from Belgrade
Market. 10th National Conference on Medicinal Plants, 8th National Conference on Drug Research, 5th
National Conference on Phytotherapy, November 13-15 2002, Kecskemet, Hungary.

Jockovié N, Pavlovié M, Sabovljevi¢ M, Maksimovi¢ Z, Kovacevic N. Phytochemical researches on Bryophyte
species Polytrichum formosum Hedw, Eurhynchium hians (Hedw.) Lidnb. and Pellia endiviaefolia (Dicks.)
Dumort. 3rd International Balkan Botanical Congress, May 18-24 2003, Sarajevo, Bosnia and Herzegovina.
Petrovic S, Raki¢ S, Kukic¢ J, Maksimovic Z. Influence of Thermal Treatment on Total Antioxidant Activity of
Quercus cerris semen. Macedonian Pharmaceutical Bulletin 49(1,2), 169, 2003.
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Chalchat JC, Petravi¢ SD, Maksimovic ZA and Gorunovi¢ MS. Composition of Essential Oil of Bidens cernua
L. Macedonian Pharmaceutical Bulletin 49(1,2), 172, 2003.

Chalchat JC, Maksimovic ZA and Petrovi¢ SD. Essential Qil of Solidago serotina Ait. Macedonian
Pharmaceutical Bulletin 49(1,2), 173, 2003

Maksimovic Z, Petrovic S, Pavlovi¢ M, Kovaéevi¢ N, Merfort . Isolation and chemical characterization of
spiraeoside from Filipendula hexapetala Gilib., Rosaceae flowers. g™, Symposium on the flora of
southeastern Serbia and neighbouring regions, June 20"-24" 2005, Ni3, Serbia and Montenegro.
Kitanovic A, Kovacevi¢ N, Sobaji¢ S, Maksimovi¢ Z (2006). Ispitivanje antioksidantnog potencijala Sumskog
meda. IV Kongres farmaceuta Srbije sa medunarodnim ucedcem “Savremena farmacija — unapredenje
zdravlja i kvaliteta fivota. 28. novembar — 2. decembar 2006., Beograd, Srbija. Arhiv za farmaciju
56(5):924-924

Mrakovic J, Petrovic S, Lakusi¢ B, Maksimovi¢ Z (2006). Ispitivanje antioksidantnog potencijala herbe
¢estoslavice (Veronica officinalis L., Scrophulariaceae). IV Kongres farmaceuta Srbije sa medunarodnim
uceiéem “Savremena farmacija — unapredenje zdravlja i kvaliteta Zivota. 28. novembar - 2. decembar
2006., Beograd, Srbija. Arhiv za farmaciju 56(5):925-925

Maksimovi¢ Z, Jovovi¢ M, Jancic¢ B (2006). Spektrofotometrijsko odredivanje sadriaja flavonoida racunato
na hiperozid u Amaranthus blitoides L., Amaranhaceae. IV Kongres farmaceuta Srbije sa medunarodnim
uéeiéem “Savremena farmacija — unapredenje zdravlja i kvaliteta Zivota. 28. novembar — 2. decembar
2006., Beograd, Srbija. Arhiv za farmaciju 56(5):926-927

Davidovi¢ V, Joksimovic-Todorovic M, Hristov S, Stankovi¢ B, Maksimovic Z, Bojkovski J.
Imunomodulatorno delovanje razlicitih biljnih vrsta. Simpozijum sa medunarodnim uceicem ,Veterinarska
medicina, stocarstvo i ekonomika u proizvodnji zdravstveno bezbedne hrane” 24.06 -01.07.2007. Herceg
Novi, Crna Gora. Zbornik kratkih sadrzaja: 157.

Davidovié V, Joksimovié-Todorovi¢ M, Vuckovic S, Maksimovi¢ Z, Simi¢ A. Fitoterapija — upotreba lekovitog
i drugog bilja u zdravstvenoj zaétiti Zivotinja. Ill Simpozijum sa medunarodnim ugei¢em — Inovacije u
ratarskoj i povrtarskoj proizvodniji, 19-20.10.2007. Beograd-Zemun. Zbornik izvoda: 124-125.

Davidovi¢ V, Lazarevi¢ M, Joksimovié-Todorovi¢ M, Maksimovic Z, Jovanovi¢ M. Phytotherapy in folk
veterinary medicine, Ill Symposium of Livestock Production with International Participation, Ohrid,
September 12-14, 2007. Proceedings, 315-318.

Davidovi¢ V, Joksimovié-Todorovi¢ M, Maksimovié Z, Hristov S, Stankovic B. A review of plants used in
ethnoveterinary medicine. IV International Symposium of Livestock Production, September 9-12, 2009,
Struga, Macedonia. Book of abstracts: 206.

Maksimovié¢ Z, Lakusi¢ B, Kuki¢ ). Investigations on the antioxidant potential of Teucrium flavum L.,
Lamiaceae. IX Days of Medicinal Plants, September 17th — 20th 2008, Babe, Kosmaj, Serbia.

Maksimovi¢ Z, Gavrilov B. Antioxidant potential of some fruit teas. XXVIIl Symposium on medicinal and
aromatic plants, October 8th-11th 2008, Vriac, Serbia.

Fivkovic J, Maksimovi¢ Z, Arsenijevi¢ J, RaZi¢ S. Odredivanje sadrzaja Zn, Cu i Cr u pojedinim Veronica
vrstama (Plantaginaceae) i uzorcima zemljista sa razli¢itih lokaliteta u Srbiji. V Kongres farmaceuta Srbije sa
medunarodnim uée&éem, 13-17.10.2010. Beograd, Srbija. Arhiv za farmaciju 60(5): 1036-1037.
Arsenijevi¢ J, Zivkovic J, Maksimovi¢ Z, Sostari¢ I. Antioksidantna aktivnost metanolnog ekstrakta Thymus
pannonicus All. {Lamiaceae) sa nekoliko lokaliteta u Srbiji. V Kongres farmaceuta Srbije sa medunarodnim
uéeiéem, 13-17.10.2010. Beograd, Srbija. Arhiv za farmaciju 60(5): 993-994.

Stajanovi¢ M, Maksimovi¢ Z. Uloga farmaceuta u savetovanju pacijenata sa benignom hiperplazijom
prostate. V Kongres farmaceuta Srbije sa medunarodnim uceicem, 13-17.10.2010. Beograd, Srbija. Arhiv
za farmaciju 60(5): 1005-1008.

Jevdovi¢ R, Todorovi¢ G, Kosti¢ M, Markovi¢ J, Maksimovi¢ Z, Jevdovi¢ M, Miti¢ S. Genotip, faktor sadriaja
etarskog ulja u lif¢u timijana. XVl medunaredno naugnostrucno savjetovanje agronoma Republike Srpske.
22-25.03.2011, Trebinje, BiH. Zbornik sazetaka, 144.

Pavlovi¢ R, Jevdovic R, Todorovic G, Bogkovi¢ Rakogevic Lj, Maksimovic Z, Markovic J, Mitic S. Uticaj tipa
zemljista, dubine i vremena oranja na prinos herbe panonskog timijana. XVII Savetovanje o biotehnologiji
sa medunarodnim uéeicem, 6-7 april 2012, Caéak, Srbija. Zbornik radova 17(19): 123-127.

Jevdovié R, Todorovic¢ G, Kostié M, Markovic J, Maksimovi¢ Z, Jevdovic M, Miti¢ S. Herbe yield and content
of essential oil of pannonicus thyme (Thymus pannonicus All. Lamiaceae) depending on the investigated
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year, genotype and soil type. 1st International symposium and XVI| scientific conference of agronomists of
Republic of Srpska, March 19-22, 2012, Trebinje, Bosnia and Herzegovina, p. 282.

Jevdovié R, Todorovi¢ G, Kosti¢ M, Maksimovi¢ Z, Dimitrijevi¢ S, Pavkov S. Prinos herbe dve vrste timijana u
razli¢itim agroekoloskim uslovima. 18. NaugnoistraZivacki skup ,Proizvodnja i plasman lekovitog, zacinskog
i aromaticnog bilja” 30.09.2011. Backi Petrovac, Srbija. lzvodi radova, 15.

Jevdovié R, Todorovié G, Maksimovic Z, Kosti¢ M, Markovic J, Miti¢ S. Klijavost semena panonskog timijana
u zavisnosti od frakcije semena i temperaturnog rezima. 7. Nau€no-strucni simpozijum iz selekcije i
semenarstva Drustva selekcionera i semenara 30. maj — 1. jun 2012. Vrsac, Srbija, p. 59

Jevdovié R, Todorovié G, Maksimovic Z, Markovi¢ J, Filipovi¢ V, Kosti¢ M, Jevdovi¢ M. Uticaj organskih
dubriva na prinos panonskog timijana (Thymus pannonicus All. Lamiaceae). 19. Naucnostrucni skup
,Proizvodnja i plasman lekovitog, zadinskog i aromati¢nog bilja” 28.09.2012. Backi Petrovac, Srbija. lzvodi
radova, 1.

Cilovi¢ E, Bosni¢ T, Maksimovic Z, Pa3ali¢ H. Ispitivanje antioksidativne aktivnosti i sadrzaja polifenolnih
spojeva u ekstraktu podanka nekih vrsta roda Potentilla. Peti medunarodni simpozij “Hranom do zdravlja”.
Zbornik radova i saZetaka. 2012, Tuzla, BiH.

Arsenijevic J, Drobac M, Zivkovié J, Sostari¢ I, Jevdovié R, Maksimovi¢ Z. Analiza etarskih ulja i vodeno-
metanolnih ekstrakata herbe gajenog i samoniklog panonskog timijana, Thymus pannonicus All. VI Kongres
farmaceuta Srbije sa medunarodnim uéeiéem, 15-19. oktobar 2014, Beograd, Srbija, Zbornik sazetaka,
106-107.

Samardzié¢ S, Stoiljkovié M, Maksimovi¢ Z. Karakterizacija suvog vodenog ekstrakta cvasti surucice,
Filipendula hexapetala Gilib. VI Kongres farmaceuta Srbije sa medunarodnim uéed¢em, 15-19. oktobar
2014, Beograd, Srbija, Zbornik saZetaka, 351-352.

Maksimovi¢ Z. 6. Kongres medicine sporta i 3. Kongres prevencije dopinga u sportu ,Promena igre”.
Beograd, 10-11.05.2018, Knjiga saZetaka, 39-41.

Maksimovic Z. Herba citralnog hemotipa panonskog timijana kao potencijalno nova biljna lekovita sirovina.
VIl Kongres farmaceuta Srbije sa medunarodnim uéei¢em. 10-14. oktobar 2018, Beograd, Srbija. Arhiv za
farmaciju 68:144-145,

7. Tehnicka reienja

1.

Maksimovic Z, Arsenijevic J, Zivkovié J, Drobac M, Jevdovic R, Daji¢-Stevanovic Z, Sostaric I, Cebovi¢ T
(2016). Biljni &aj na bazi herbe citralnog hemotipa panonskog timijana (Thymus pannonicus All.
Lamiaceae). Univerzitet u Beogradu - Farmaceutski fakultet,
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55/18, 3/19, 17/19, 47/19) 1 ¢lana 32 stav 1 tacka 9 Statuta
Univerziteta Crne Gore, Senat Univerziteta Crne Gore na sjednici
odrzanoj 28.05.2020. godine, donio je

ODLUKU
O IZBORU U ZVANJE

Dr Milena Tadi¢ bira se u akademsko zvanic vanredni profesor
Univerziteta Crne Gore za oblasti Hemijsko inZenjerstvo i
InZenjerstvo zaStite Zivotne sredine, na Metalursko-tchnoloskom
fakultetu Univerziteta Crne Gore, na period od pet godina,

Broj: 03-2297
Podgorica, 28.05.2020.¢g.

SENAT UNIVERZITETA CRNE GORE
PREDSJEDNIK
Prof. dr Danilo Nikoli¢, rektor

Na osnovu ¢lana 72 stav 2 Zakona o visokom obrazovanju
(..Sluzbeni list Crne Gore™ br 44/14, 47/15, 40/16, 42/17, T1/17,
55/18, 3/19, 17/19, 47/19) i ¢lana 32 stav 1 tacka 9 Statuta
Univerziteta Crne Gore, Senat Univerziteta Crne Gore na sjednici
odrzanoj 28.05.2020. godine, donio je

ODLUKU
O IZBORU U ZVANIJE

Dr Andelka Séepanovié bira se u akademsko zvanic vanredni
profesor Univerziteta Crne Gore za oblasti OpSta grupa biolo3kih
predmeta i Ekologija, na Prirodno-matematickom fakultetu i
nematiénim fakultetima Univerziteta Crne Gore, na period od pet
godina.

Broj: 03-2295
Podgorica, 28.05.2020.g.

SENAT UNIVERZITETA CRNE GORE
PREDSJEDNIK
Prof. dr Danilo Nikoli¢, rektor

Na osnovu Clana 72 stav 2 Zakona o visokom obrazovanju
(,,Sluzbeni list Crne Gore™ br 44/14, 47/15, 40/16, 42/17, 71/17,
55/18, 3/19, 17/19, 47/19) i Clana 32 stav 1 tacka 9 Statuta
Univerziteta Crne Gore, Senat Univerziteta Crme Gore na sjednici
odrzanoj 28.05.2020. godine, donio je

ODLUKU
O IZBORU U ZVANIE

Dr Mehmed Defevié bira s¢ u akademsko zvanje docent
Univerziteta Crne Gore za oblast Socijalni rad, na Fakultetu
politickih nauka Univerziteta Crne Gore, na period od pet godina.

Broj: 03-2299
Podgorica, 28.05.2020.¢.

SENAT UNIVERZITETA CRNE GORE
PREDSJEDNIK
Prof. dr Danilo Nikolié, rektor

Na osnovu ¢lana 72 stav 2 Zakona o visokom obrazovanju
(..Sluzbeni list Crme Gore® br 44/14, 47/15, 40/16, 42/17, 71/17,
55/18, 3/19, 17/19, 47/19) i ¢lana 32 stav 1 tacka 9 Statuta
Univerziteta Crne Gore, Senat Univerziteta Crne Gore na sjednici
odrzanoj 28.05.2020. godine, donio je

ODLUKU
O IZBORU U ZVANIE

Dusan Kasalica bira se u akademsko zvanje docent Univerziteta
Cme Gore za oblast Film i mediji, na Fakultetu dramskih
umjetnosti Univerziteta Crne Gore, na period od pet godina.

Broj: 03-2297
Podgorica, 28.05.2020.g.

SENAT UNIVERZITETA CRNE GORE
PREDSJEDNIK
Prof. dr Danilo Nikolié, rektor

Na osnovu ¢lana 72 stav 2 Zakona o visokom obrazovanju
(.,Sluzbeni list Crne Gore*™ br 44/14, 47/15, 40/16, 42/17, 71/17,
55/18, 3/19, 17/19, 47/19) i ¢lana 32 stav 1 tacka 9 Statuta
Univerziteta Crne Gore, Senat Univerziteta Crne Gore na sjednici
odrzanoj 28.05.2020. godine, donio je

ODLUKU
O IZBORU U ZVANIJE

Dr Sreten Tomovié bira se u akademsko zvanie vanredni profesor
Univerziteta Crne Gore za oblast Hidrotehnika, na Gradevinskom
fakultetu 1 nematiénim fakultetima Univerziteta Crme Gore, na
period od pet godina.

Broj: 03-2296
Podgorica, 28.05.2020.¢.

SENAT UNIVERZITETA CRNE GORE
PREDSIJEDNIK
Prof. dr Danilo Nikolié, rektor

Na osnovu Clana 72 stav 2 Zakona o visokom obrazovanju
(,,Sluzbeni list Cre Gore™ br 44/14, 47/15, 40/16, 42/17, 71/17,
55/18, 3/19, 17/19, 47/19) i clana 32 stav | tacka 9 Statuta
Univerziteta Crne Gore, Senal Univerziteta Crne Gore na sjednici
odrzanoj 04.06.2020. godine, donio je

ODLUKU
O IZBORU U ZVANJE

Dr Miloje Sundié bira sc u akademsko zvanic docent Univerziteta
Cme Gore za oblasti Op3Sta grupa bioloSkih predmeta i
Ekologija, na Prirodno-matematickom fakultetu Univerziteta Cre
Gore, na period od pet godina.

Broj: 03-2398
PPodgorica 04.06.2020.¢.

SENAT UNIVERZITETA CRNE GORE
PREDSJEDNIK
Prof. dr Danilo Nikoli¢, rektor

Na osnovu c¢lana 72 stav 2 Zakona o visokom obrazovanju
(,.Sluzbeni list Crne Gore™ br 44/14, 47/15, 40/16, 42/17, 71/17,
55/18, 3/19, 17/19, 47/19) i clana 32 stav | tacka 9 Stawta
Univerziteta Crne Gore, Senat Univerziteta Crne Gore na sjednici
odrzanoj 04.06.2020. godine, donio je

ODLUKU
O 1IZBORU U ZVANIJE

Dr Danijela SteSevié bira se u akademsko zvanie redovni profesor
Univerziteta Crne Gore za oblasti OpSta botanika i OpSta grupa
bioloskih predmeta, na Prirodno-matematickom fakultetu
Univerziteta Crne Gore, na necodredeno vrijeme.

Broj: 03-2399
Podgorica 04.06.2020.g.

SENAT UNIVERZITETA CRNE GORE
PREDSJEDNIK
Prof. dr Danilo Nikoli¢, rektor




KRATKA BIOGRAFIJA PROF. DR DANILJELE STESEVIC

LICNI PODACI

Rodena sam 16.07.1976. godine u Titogradu, gdje sam zavrsila osnovnu $kolu »Savo
Pejanovic« i srednju skolu gimnaziju »Slobodan Skerovié«.

PODACI O VISOKOM OBRAZOVANJU

Skolske 1994/95 godine upisala sam studije Biologije na Prirodno-matemati¢kom fakultetu u
Podgorici, gdje sam diplomirala 6. 10. 1998. godine sa prosjeénom ocjenom 9,45 i stekla zvanje
diplomirani biolog.

Poslijediplomske studije upisala sam Skolske 1998/99. godine na Bioloskom fakultetu
Univerziteta u Beogradu (smjer: Ekologija i geografija biljaka) i zavrsila ih sa prosje¢nom
ocjenom 10. Magistarsku tezu pod nazivom: “Flora kraskih polja u Piperskom kraju Crne Gore™
odbranila sam 15. 05. 2001. godine i stekla zvanje magistra biologkih nauka.

Doktorsku disertaciju pod nazivom: “Ekoloska-fitogeografska analiza flore Sireg urbanog
podru¢ja Podgorice”, odbranila sam 24. 06. 2009. godine, na Bioloskom fakultetu Univerziteta u
Beogradu i stekla zvanje doktora bioloskih nauka. RjeSenje o priznavanju Uvjerenja o ste¢enom
nau¢nom stepenu Doktora bioloskih nauka izdato mi je od strane Ministarstvo Nauke i Prosvijete
26. 10. 2009. godine.

PODACI O RADNIM MJESTIMA I IZBORIMA U AKADEMSKA ZVANJA

Od 1999. godine zasnovala sam radni odnos na Prirodno-matemati¢kom fakultetu u
Podgorici (Studijski program Biologija), gdje sam januara 1999. godine izabrana u zvanje
asistenta. U toku svog desetogodi$njeg staza asistirala sam u laboratorijskim vjeZbama na
predmetima: Anatomija biljaka, Ekologija biljaka, Ekologija Zivotinja, Sistematika i filogenija
visih biljaka, Limnologija, Sistematika i filogenija niZih biljaka, Biologija mora, Botanika na
akademskim studijskim programima Biljna proizvodnja i Farmacija.

Zvanje docenta na Prirodno-matematickom fakultetu u Podgorici (predmeti Sistematika i
filogenija visih biljaka I i I, na studijskom programu Biologija i Botanika, na studijskom
programu Biljna proizvodnja) stekla sam 27.05.2010. godine. Skolskih 2010/2011 i 2011/2012.
godine bila sam angaZzovana kao predava¢ Botanike na Farmaceutskom fakultetu. Od Skolske
2012/2013 drzim dio predavanja iz “BioloSkih zbirki™ koje se slusaju na specijalistickim
studijama, na studisjkom programu Biologija. Od izbora u zvanje docenta, nastavila sam da drzim
vjezbe na predmetima Sistematika i filogenija visih biljaka 1 1 I, na studijskom programu
Biologija.

Zvanje vanrednog profesora na Prirodno-matematickom fakultetu u Podgorici (predmeti
Sistematika i filogenija visih biljaka I i II, na studijskom programu Biologija i Botanika, na
studijskom programu Biljna proizvodnja) stekla sam 24.06.2015. godine.

Zvanje redovnog profesora na Univerzitetu Crne Gore za oblast OpSta botanika 1 Opsta
grupa bioloskih predmeta na Prirodno-matematickom fakultetu u Podgorici stekla sam 04.06.2020.
godine.
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ODABRANE PUBLIKACIJE

Autori Naslov Izvor
Danijela Stedevi¢, Dordije Aristida oligantha — a new alien species on the  Acta Botanica
Milanovi¢ Milica Stani8i¢-Vujaci¢, eastern Adriatic coast” Croatica
Urban Silc
Kremer D, Stabentheiner E, Micromorphological Traits of Plants
Boguni¢ F, Ballian D, Balcanic Micromeria and Closely
Eleftheriadou E, Stedevi¢ D, Related Clinopodium Species (Lamiaceae)

Matevski V, Randelovi¢ V, Ivanova

D, Rusd¢i¢c M, Dunki¢ V.

Micovi¢ T, Topalovi¢ D, Zivkovi¢  Antioxidant, Antigenotoxic and Cytotoxic Plants

L, Spremo-Potparevi¢ B, Activity of Essential Oils and Methanol Extracts

Jakovljevi¢c V, Mati¢ S, Popovi¢ S, of Hyssopus officinalis L.

Baski¢ D, Stedevi¢ D, Samardzi¢ S, Subsp. aristatus (Godr.) Nyman (Lamiaceae).

Stojanovi¢ D, Maksimovié¢ Z.

Pedja JANACKOVIC, Milan Anatomical traits of Artemisia Botanica Serbica
GAVRILOVIC, Dragana RANCIC, umbelliformis subsp. eriantha (Asteraceae)

Danijela STESEVIC, Zora DAJIC- alpine glacial relict from Mt. Durmitor

STEVANOVIC and Petar D. (Montenegro)
MARIN
Danka Cakovi¢ Leonardo Cresti ~ High genetic and morphological diversification Taxon
Danijela SteSevic Peter of the Euphorbia verrucosa alliance
Schonswetter BoZo Frajman (Euphorbiaceae) in the Balkan and Iberian
peninsulas
Nenad Jasprica, Zeljko Skvorc, Phytogeographic and syntaxonomic diversity of Plant Biosystems

Marija Pandza, Milenko Milovi¢, wall vegetation (Cymbalario-Parietarietea
Dragica Purger, Daniel Krstonosié, diffusae) in southeastern Europe

Sanja Kovac¢i¢, Dubravka Sandev,

Andelka Lasi¢, Danka Cakovi¢,

Danijela Stesevi¢, Branko Andi¢ &

Milica Stanigi¢-Vujagi¢

Radisav Dubljevié,Bozidarka Influence of Changes in Botanical Diversity and Sustainability
Markovic, Dusica Radonji¢, Quality of Wet Grasslands through Phenological

Danijela Stesevic and Milan Phases on Cow Milk Fatty Acid Composition

Markovic

Danijela Stesevi¢, Branko Andi¢, Physcomitrium eurystomum Sendtn.. a new Acta Botanica
Milica Stanisi¢-Vijacic moss species in the bryophyte flora of Croatica
"JELICA NOVAKOVIC, PATRIK Typification and taxonomic re-evaluation Phytotaxa
MRAZ, DANUELA STESEVIC, of Centaurea crnogorica and C. gjurasinii, two

PETAR D. MARIN, BOJAN neglected vellow-flowered endemics of the

ZLATKOVIC, DMITAR Balkan Peninsula

LAKUSIC, PEDJA JANACKOVIC (Centaurea sect. Acrocentron, Asteraceae)

Urban Silc, Danijela Stesevic, Changes of a sand dune system and vegetation ~Regional Studies in
Milica Lukovié, Danka Cakovi¢ between 1950 and 2015 on Velika plaza Marine Science

(Montenegro. E Mediterranean)
Danijela SteSevi¢, Filip Kiizmi¢,  Coastal sand dune vegetation of Velika plaza Acta Botanica

Milica Stanisi¢-Vijaci¢, Urban Silc (Montenegro) Croatica

Radisav Dubljevic, Bozidarka Influence of Changes in Botanical Diversity and Sustainability -
Markovi¢, Dusica Radonji¢, Quality of Wet Grasslands through Phenological MDPI Journal
Danijela SteSevi¢, Milan Markovi¢ Phases on Cow Milk Fatty Acid Composition

Radonji¢, D., Dordevié, N., Effect of phenological phase of dry erazing Chilean journal of
Markovi¢, B., Markovié, M., pasture on fatty acid composition of cows’ milk agricultural research

Stesevi¢, D. and Daji¢-Stevanovié,
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Autori
Z.
Andji¢ Branko, Cvijeti¢anin
Stanko, Hayhoe Simon, Gruji¢i¢
Rade, Stedevic Danijela
Branko Andi¢, Christian Berg &
Danijela Stesevié¢

Urban Silc, Filip Kiizmi¢, Danka
Cakovi¢, Danijela Stedevié¢

Stesevi¢, D., Jaéimovi¢, Z., Satovié,
Z., Sapcanin, A., Jancan, G.,
Kosovi¢, M., Damjanovi¢-Vratnica,
B.

Branko Andi¢, Stanko Cvijeti¢anin,
Mirjana Mari¢i¢ and Danijela
Stesevic

Marcin Nobis, Andrey Erst,
Arkadiusz Nowak, Dmitry Shaulo,
Marina Olonova, Yuriy Kotukhov,
Asli Dogru-Koca, Ali A. Dénmez,
Gergely Kiraly, Aleksandr L. Ebel,
Maria Kushunina, Renata
Piwowarczyk, Alexander P.
Sukhorukov, Agnieszka Nobis,
Filip Verloove, Joanna Zalewska-
Galosz, Golshan Zare, Jean-
Frangois Burri, Danka Cakovié,
Elzbieta Jedrzejczak, Nejc Jogan,
Ewelina Klichowska, Artur Pliszko,
Anton V. Popovich, Danijela
Stesevi¢, Urban Silc, Natalia
Tupitsyna, Vladimir M. Vasjukov,
Wei Wang, Philippe Wemner,
Magdalena N. Wolanin, Mateusz
M. Wolanin & Kun-Li Xiang

Silc, U., Cakovi¢, D., Kuzmit, F.,
Stesevic, D.

Danijela Stesevic, Milica Lukovi¢,
Danka Cakovi¢, Nemanja Ruzié,
Nada Bubanja , Urban Sulc

Danka Cakovic, Danijela Stesevic,
Peter Schonswetter, Bozo Frajman

Stedevi¢ Danijela, BoZzovi¢ Mijat,
Tadi¢ Vanja, Ran¢i¢ Dragana,
Daji¢ Stevanovi¢ Zora

Cakovi¢ Danka, Stedevi¢ Danijela,
Schonswetter Peter, Frajman BoZo

Kremer D., Bolari¢ S., Ballian, D.,
Bogunic, F., Stedevi¢, D., Karlovié,
K., Kosalec, 1., Vokurka, A.,
Vukovi¢ Rodriguez, ., Randi¢, M.,
Bezi¢, N., Dunki¢, V.

Stesevi¢, D., Berg, C.

DICHOTOMOUS KEYS IN THE

Naslov

BOTANICAL LEARNING OF NON-VISUAL

(BLIND) PEOPLE

New and interesting bryophvtes of Albania and

Montenegro

Beach litter along various sand dune habitats in

the southern Adriatic (E Mediterranean)

Chemical characterization of wild erowing

Origanum vulgare populations in Montenegro

The contribution of dichotomous keys to the

quality of biological-botanical knowledee of

eighth erade students

Contribution to the flora of Asian and European
countries: new national and regional vascular

plant records, 6,

Trampling impact of vegetation of embryonic
and stabilised sand dunes in Montenegro.

Distribution of alien species along sand dune

plant communities zonation

Long neglected diversity in the Accursed
Mountains of northern Albania: Cerastium
hekuravense is genetically and morphologically
divergent from C. dinaricum

Plant-part anatomy related composition of

essential oils and phenolic compounds in
Chaerophyllum coloratum,a Balkan endemic

species

How many taxa? Spatiotemporal evolution and
taxonomy of Amphoricarpos (Asteraceae,
Carduoideae) on the Balkan Peninsula
Morphological, genetic and phytochemical
variation of the endemic Teucrium arduini L.

(Lamiaceae),

Izvor

Journal of Baltic
Science Education

Herzogia
Marine Pollution
Bulletin

Natural Product
Communications

Journal of Biological
Education

Botany Letters

Journal of Coastal
Conservation

Periodicum
biologorum

Plant Systematics
and Evolution

Flora

Organisms Diversity
& Evolution

Phytochemistry

Botrychium matricariifolium, a new fern species Acta Botanica
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Autori

Cakovic, D, Stesevic, D.,
Schonswetter, P., Frajman, B.

Stesevi¢, D., Risti¢, M., Nikoli¢,
V., Nedovié, M, Cakovié, D.,
Zlatko Satovi¢

Kremer, D., Dunkié, V., Stesevic,
D., Kosalec, 1., Ballian, D.,
Boguni¢, F., Bezi¢, N.,
Stabentheiner, E.

Vuckovic, L., Vujisié, Lj.,
Todosijevi¢, M., Stesevi¢ D.,
Milosavljevi¢, S., Trifunovié, S.
Cakovié, D., Steevic, D.,
Vuksanovié, S., Tan, K

Mayrhofer, H., Drescher, A.,
Stesevic, D., Bilovitz, P.

Kremer, D., Dunkié, V., Ruicic,
M., Matevski, V., Ballian, D.,
Bogunic, F., Eleftheriadou, E.,

SteSevic, D., Kosalec, I.., Bezic, N.,

Stabentheiner E.

Jankovié, T., Zduni¢, G., Beara, [,
Balog, K., Pljevljakusi¢, D.,
Stedevi¢, D. Savikin, K.

Mili¢ Curovi¢, Danijela Stesevic,
Milan Medarevic, Rade
Cvjeti¢anin, Damjan Pantic,
Velibor Spalevi¢

Menkovi¢, N., Savikin, K., TasiC,
S., Zdunié, G., Stesevi¢, D.,
Milosavljevi¢, S., Vincek, D.
Siljegovié, J., Glamo¢lija, J.,

Sokovi¢, M., Vuckovic, 1., Televié,

V., Milosavljevic, S., Stedevic, D.
Curovi¢, M., Stesevié, D.,
Medarevi¢, M., Cvjeticanin, R,
Panti¢, D., Spalevi¢, V.

Petrovi¢ D., SteSevic D.

Vuckovi¢, 1., Vujisié, Lj., SteSevic,

D., Radulovi¢, §., Lazi¢, M.,
Milosavljevic, S.

Stesevic, D., Jovanovié, S. &
Séepanovié S.

Godevac, D., Pejin, B, Zdunji¢, G.,

Savikin, K., Stesevié, D., Vajs, V.,
Milosavljevié, S.
Stedevié, D. & Jovanovic, S.

Naslov
for the flora of Montenegro

How many taxa? Spatiotemporal evolution and
taxonomy of Amphoricarpos (Asteraceae,
Carduoideae) on the Balkan Peninsula
Chemotype Diversity of Indigenous Dalmatian
Sage (Salvia officinalis L.) Populations in

Montenegro

Micromorphological traits and essential oil of
Micromeria longipedunculata Briuchler

(Lamiaceae)

Volatile Constituents of Different Plant Parts
and Populations of Malabaila aurca Boiss. from

Montenegro

Colchicum cupanii Guss. subsp. glossophyllum
(Heldr.) Rouy, Datura innoxia Mill. and Eclipta
prostrata (L.) L., new floristic records in

Montenegro and western Balkan

Lichenized fungi of a chestnut grove in Livari

(Rumija, Montenegro)

Micromorphological traits and essential oil
contents of Micromeria kerneri Murb. and M.
juliana (L.) Benth. (Lamiaceae)

Comparative study of some polyphenols in

Plantago species

Ecological and structural characteristics of

monodominant montane beech forests in the

National Park Biogradska Gora

Ethnobotanical study on traditional uses of wild
medicinal plants in Prokletije Mountains

(Montenegro)

Composition and atimicorbial activity of Seseli
montanum subsp. tommasinii Essential oil

Ecological and structural characteristics of
moenodominant montane beech forest in the
National Park Biogradska Gora, Montenegro

lzvor
Croatica

Organisms Diversity
& Evolution

Chemistry &
Biodiversity

Cental European
Journal of Botany

Records of Natural
Products

Acta Botanica
Croatica

Acta Botanica
Croatica

Phytochemistry

Biochemical
Systematics and
Ecology

Arhiv bioloskih
nauka - Archives of
biological sciences

Journal of
Ethnopharmacology

Natural Product
Communication

Archives of
Biological Sciences

Shift of the western boundary of the distribution Acta Botanica
area of Micromeria cristata (Hampe) Griseb. and Croatica

Steptorhamphus tuberosus (Jacq.) Grossh.
Cytotoxic guaianolide from Anthemis segetalis

(Asteraceae)

Flora of the city of Podgorica- a chorological
structure, and comparative analysis with floras

of Roma, Patra, and Thessaloniki

Flavonoids from the arial part of Onobrychis

montana subsp. scardica,

Flora of the city of Podgorica, Montenegro

(Taxonomic analysis)
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Phytotherapy
Research

Archives of
Biological Sciences

Journal of Serbian
Chemical Society

Archives of
Biological Sciences
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2007

Autori Naslov
SCI, SCIE, Danijela Stesevi¢, Ute Feiler, Application of a New Sediment Contact Test
S8Cl, Danijela Sundi¢, Slavoljub Mijovi¢, with Myriophyllum aquaticum and of the
A&HCI Lothar Erdinger, Thomas-Benjamin Aquatic Lemna Test to Assess the Sediment
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Vije¢u Medicinskog fakulteta

Na osnovu Odluke Vije¢a Medicinskog fakulteta o formiranju Komisije za
doktorske studije,broj: 392/7 od 21.02.2019. godine a u skladu sa ¢lanom 41
Pravila doktorskihs tudija i tatkom 3.8 Vodica za doktorske studije UCG-Centar
za doktorske studije, nakon nakon razmatranja ispunjavanja formalnih uslova za
ocjenu doktorske disertacije i posStujuci princip kompetentnosti, Komisija za
doktorske studije dostavlja Vije¢u Medicinskog fakulteta

INICIJALNI PRIJEDLOG

Sastava Komisije za ocjenu doktorske disertacije

|. DOKTORAND: Dr pharm Tijana Micovié

Naziv doktorske disertacije: “Farmakognozijska ispitivanja herbe izopa,
Hyssopus officinalis L. (Lamiaceae) iz Crne Gore i Srbije*

Il. U skladu sa ¢lanom 38 Pravila doktorskih studija, doktorand dr pharm Tijana
Micovic ispunjava uslove za ocjenu doktorske disertacije.

lll. Komisija za ocjenu doktorske disertacije:

- Prof. dr Zorica Potpara, vanredni profesor Medicinskog fakulteta Univerziteta
Crne Gore - predsjednik

- Prof. dr Zoran Maksimovi¢, redovni profesor Farmaceutskog fakulteta
Univerziteta u Beogradu — mentor

- Prof. dr Danijela SteSevi¢, redovni profesor Prirodno-matematiékog fakulteta
Univerzieta Crne Gore - ¢lan

KOMISIJA ZA DOKTORSKE STUDIJE
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_2N\J V

—



UNIVERZITET CRNE GORFE

UNIVERZITET CRNE GORE __MEDICINSKI FAKULTET
L ; Primljenc UU:) ZUZZ 1
Vijecu Medicinskog fakulteta Org. jed Bro] Prilon Viisdnost |
) |
Komisiji za doktorske studije } MQJ L yl2 ! [

PREDMET: Zahtjev za ocjenu doktorske disertacije

Postovani,

U skladu sa Pravilima studiranja na doktorskim studijama Univerziteta Crne Gore, ovim putem
podnosim zahtjev za ocjenu doktorske disertacije pod nazivom:

,,F armakognozijska ispitivan'a herbe iZOpﬂ Hyssopus officinalis L. (Lamiaceae iz Crne
Gore i Srbijc“

Zavrsetkom doktorske disertacije i objavom rada u asopisu sa SCI/SCIE liste koji sadrzi
djelove sopstvenih istrazivanja sprovedenih u okviru izrade doktorske disertacije, ispunila sam
uslove za predaju disertacije na pregled i ocjenu, predvidene Pravilima doktorskih studija
Univerziteta Crne Gore.

Ovim putem se obracam Komisiji za doktorske studije Medicinskog fakulteta, sa molbom da
inicira predlog Komisije za ocjenu gorenevedene doktorske disertacije.

Uz Zahtjev, u prilogu dostavljam sljedece:
- Pismenu saglasnost mentora
- Sedam primjeraka doktorske disertacije (u Stampanoj formi)

- Fotokopiju rada objavljenog u ¢asopisu sa SCI/SCIE liste koji sadrzi dio rezultata iz doktorske
disertacije

- Biografiju i bibliografiju
- CD sa cjelokupnim sadrzajem doktorske disertacije u PDF formatu i objavljenim radom

- Potpisanu izjavu o autorstvu (Prilog 1 iz Uputstva o oblikovanju doktorske disertacije)

S postovanjem,
Dr pharm. Tijana Micovié¢

a

U Podgorici, 10.03.2022. godine



UNIVERZITET CRNE GORE
MEDICINSKI FAKULTET

Na osnovu Odluke Senata Univerziteta Crne Gore br. 03-1727/2 od 03.07.2018. imenovan
sam za mentora za izradu doktorske disertacije kandidata dr pharm. Tijane Micovi¢. U fazi
predaje doktorske disertacije na pregled i ocjenu, u skladu sa Pravilima doktorskih studija
Univerziteta Crne Gore, dajem:

SAGLASNOST

Saglasan sam da kandidat dr pharm. Tijana Micovi¢ moze predati doktorsku disertaciju pod
nazivom ..Farmakognozijska ispitivanja herbe izopa, Hyssopus officinalis L. (Lamiaceae) iz
Crne Gore i Srbije™ na pregled i ocjenu.

U Beogradu, 03.03.2022. godine Mentor

Prof. dr Zoran Maksimovi¢
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Prilog 1.
Izjava o autorstvu

Potpisani-a f/lfcmc‘ Micoy c
Broj indeksalupisa L0/1¥

Izjavljujem

da je doktorska disertacija pod naslovom

U] 5 3 i . 1 5 " =
% -TW’IL}J(L"C(; qaa‘zf f’__(,'u £ f 5’{'1 J"/.I' | l’f{&'{'.l Je){(;i' b){,p a //Eflbsf‘}" us ijff Gl ) ‘{_':(‘ 48 j (%:L‘H(j(((zc-){x C"ﬂ'! & !{-IH(‘; ! 5'3
= T 7 =+ 7 7 + 7 T

. rezultat sopstvenog istrazivackog rada,

’ da predloZena disertacija ni u cjelini ni u djelovima nije bila predloZena za dobijanje bilo
koje diplome prema studijskim programima drugih ustanova visokog obrazovanja,

. da su rezultati korektno navedeni, i
. da nijesam povrijedio/la autorska i druga prava intelektualne svojine koja pripadaju trecim licima.
Potpis doktoranda//
q - | “-f<\ (Zf  Ln ==
U'/ CéjqU”ﬂ ct 10.03. 2092 <jw:ﬁd e (—\\/ heeeses I

C‘»J



UNIVERZITET CRNE GORE
MEDICINSKI FAKULTET

Broj: 412/4

Podgorica, 06.04.2022. godine

Uvidom u sluzbenu evidenciju, izdaje se

POTVRDA

Prof. dr Zoran Maksimovic, redovni profesor Farmaceutskog fakulteta Univerziteta u Beogradu,
nije u radnom odnosu na Medicinskom fakultetu Univerziteta Crne Gore.

Potvrda se izdaje kao prilog obrascu D2 za kandidata dr pharm Tijanu Micovi¢, i u druge svrhe
se ne moZze koristiti.
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UNIVERZITET CRNE GORE
MEDICINSKI FAKULTET
FARMACIJA

Broj dosijea: 10/2017

Na osnovu &lana 33 Zakona o upravnom postupku ("SluZbeni list CG", br. 56/14, 20/15, 40/16 i 37/17), ¢lana 115 Zakona o
visokom obrazovanju("Sluzbeni list CG", br. 44/14, 52/14, 47/15, 40/16, 42/17, 71/17, 55/18, 3/19, 17/19, 47/19, 72/19, 74/20
104/21) i sluZbene evidencije, a po zahtjevu studenta Micovi¢ Zoran Tijana, izdaje se

UVJERENJE O POLOZENIM ISPITIMA

Student Mi¢ovi¢ Zoran Tijana, rodena 15-09-1990 godine u mjestu Nik&ié, opStina Niksié, Republika Crna Gora,
upisana je studijske 2017/2018 godine, u I godinu studija, kao student koji se samofinansira na doktorske
akademske studije, studijski program FARMACIJA, koji realizuje MEDICINSKI FAKULTET - Podgorica Univerziteta
Crne Gore u trajanju od 3 (tri) godine sa obimom 180 ECTS kredita.

Student je poloZio ispite iz sljedeéih predmeta:

Redni Broj ECTS

broj Semestar  Naziv predmeta Ocjena Uspjch kredita
1. 1 BIOSTATISTIKA "A" (odli¢an) 10.00
2 1 MEDICINSKA INFORMATIKA "A" (odli¢an) 10.00
3. 1 METODOLOGIJA NAUCNOG ISTRAZIVANJA "AM (odli¢an) 10.00
4. 2 1ZRADA/ODBRANA POLAZNIH ISTRAZIVANJA "A" (odlican) 15.00
5. 2 OSNOVICELUSKE BIOLOGUJE "A" (odligan) 5.00
6. 2 OSNOVIMOLEKULARNE GENETIKE "A" (odli¢an) 5.00
7. 2 PRUAVA TEME DOKTORSKE DISERTACUE A" (odlitan) 5.00

Zaklju¢no sa rednim brojem 7.
Ostvareni uspjeh u toku dosadadnjih studija je:
- srednja ocjena poloZenih ispita "A" (10.00)
- ukupan broj osvojenih ECTS kredita 60.00 ili 100.00%
- indeks uspjeha 10.00.
Uvjerenje se izdaje na esnovu sluzbene evidencije, a u svrhu ostvarivanja prava na: (djecji dodatak, porodicnu penziju,
invalidski dodatak, zdravstvenu legitimaciju, poviaséenuvoznju za gradski saobracaj, studentski dom, studentski kredit,

Broj:
Podgorica, 11.04.2022 godine
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