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Abstract: Chemical composition of the essential oils (EO) of Pelargonium grave-
olens, Leptospermum petersonii and Cymbopogon martinii var. motia, and the
absolute of Rosa centifolia and their bioactivity were examined. Major com-
pounds in P. graveolens EO were monoterpene alcohols citronellol, geraniol and
linalool; in L. petersonii EO monoterpene aldehydes geranial, neral and citro-
nellal; in C. martiniii var. motia EO monoterpene alcohol geraniol and ester
geranyl acetate, while in absolute of R. centifolia aromatic alcohol 2-phenyletha-
nol. The EO of L. petersonii showed the strongest antibacterial while the EO of
C. martinii var. motia the strongest antifungal potential. The best biofilm inhi-
bition capacity was observed with R. centifolia absolute. The results of scanning
electron microscopy analysis indicated that the EOs of L. petersonii and P.
graveolens changed the number and morphology of C. albicans cells. The L.
petersonii EO was the most potent toward tumour cells and exhibited the best
biological activity. This is first comparative report summarizing efficacy of stu-
died aromatic samples against pathogenic microbes, providing deeper insight into
the modes of antimicrobial action, and at the same time describing their cyto-
toxicity against cell lines.
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INTRODUCTION

In addition to the fact that synthetic drugs have numerous side effects, the
increase in resistance to commonly used antimicrobial agents seriously worries
health professionals worldwide. Although the use of plants in treatments of various
human health issues originates in the distant past,! the secondary metabolites they
produce still attracts considerable attention of researchers in attempt to discover
their safe application.2 Aromatic plants are rich in compounds with terpene core
(present in their essential oils), which exhibit a range of important biological pro-
perties, such as antibacterial, antifungal, antiviral, cytotoxic, anticancer, anti-inf-
lammatory, efc.3 A number of them appear promising for resolving some human
health issues, as a vast of scientific studies already proved their strong potential
against certain harmful microbes,%-6 but also some other important activities, inc-
luding antibiofilm,’-8 antitumor,” antiquorum sensing!0-11 and antioxidant.!12-14 As
the balance between free radicals and antioxidants is crucial for a proper physio-
logical functioning of the human body, in addition to the fact that some commonly
used synthetic antioxidants proved to be dangerous to humans, it is not surprising
that the search for safe and effective natural antioxidants, particularly among the
essential oils, has been in focus in the recent years.!3

Consequently, the aim of this study was to determine chemical composition of
three commercial essential oils (Pelargonium graveolens, Cymbopogon martinii
var. motia and Leptospermum petersonii) and an absolute (Rosa centifolia), and
estimate their antimicrobial, antioxidant, and to the authors’ best knowledge, for
the first time, their cytotoxic, antibiofilm and antiquorum sensing potential. The
study was performed in an attempt to contribute to the industrial application of
tested aromatic products as they could be promising for use in human health
treatments.

EXPERIMENTAL
Origin of aromatic samples

Four products from the aromatic products collection of the Institute for Medicinal Plant
Research “dr Josif Panci¢* Belgrade, Serbia, were used in the study: the essential oil from the
flowers of Pelargonium graveolens L Hér., the essential oil from the leaves of Leptospermum
petersonii F.M. Bailey, the essential oil from the aboveground plant parts of Cymbopogon
martinii (Roxb.) Wats. var. motia Burk., and the absolute from the petals of Rosa centifolia L.

Chemical analysis of aromatic samples

The gas chromatography analysis was performed using GC Agilent Technologies 7890A
apparatus equipped with the split—splitless injector and automatic liquid sampler, attached to
HP-5 column, coupled with flame-ionisation detector, while the gas chromatography/mass
spectrometry analysis was performed using HPG 1800 C Series 11 GCD analytical system
equipped with HP-5MS column. Relative percentage of components in the samples was cal-
culated from the peak areas of the area-percentage reports (as a result of standard processing
of GC-FID chromatograms), without correction factors, using the normalization method. The
preparation of aromatic samples, details on the used columns and the operating conditions for
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both apparatuses, as well as the procedures for identification and quantification of individual
constituents in studied aromatic samples are all explained in the previous study.!6

Microorganisms

Following oral bacteria and fungi were included in this study: clinical isolates of Strepro-
coccus sanguis (IBR S002 & IBR S003), Streptococcus pyogenes (IBR S004 & IBR S005),
Streptococcus mutans (IBR S001), Pseudomonas aeruginosa (IBR P001), Lactobacilus sp.
(IBR L002) and the Staphylococcus aureus ATCC 25923, as well as clinical isolates of Can-
dida spp., and Candida albicans ATCC 10231 and Candida tropicalis ATCC 750. The refer-
ent strains used in this study were purchased from American Type Culture Collection
(ATCC), Manassas, VA, USA, while the clinical isolates were taken from the patients at the
Department of Pediatric and Preventive Dentistry, Faculty of Dental Medicine, University of
Belgrade, Serbia, and identified as previously reported.!7:18

Antimicrobial activity

Minimum inhibitory concentration (MIC), and minimum bactericidal (MBC) or fungi-
cidal concentrations (MFC) were determined by microdilution method as previously des-
cribed.!929 As a positive control Hexoral® (Hemofarm, Serbia) was included.

Antibiofilm activity

The impact of selected aromatic samples on the course of biofilm formation by S. mutans
and C. albicans was estimated by using crystal violet dye, as described previously.2! The opti-
cal readings were performed in an automated Elisa reader at a wavelength of 570 nm. The
results were presented as inhibition percentages. Three commercial medicaments were used as
positive controls, antibiotics Streptomycin and Ampicillin and antifungal drug fluconazole
(Sigma, USA).
Scanning electron microscopy (SEM) of pre-formed C. albicans biofilm

The SEM observations were conducted on C. albicans cells. The microbial cells were
treated with hexamethyldisilazane (HMDS, Polyisience, Europe GmbH, Germany), placed on
aluminium columns and covered with a layer of gold, and then viewed under SEM (JOEL
JSM5300), as reported by Braga et al.?

Cytotoxicity against tumour and non-tumour cells

Cytotoxic activity of four aromatic products were investigated on five human tumour cell
lines, as follows: MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer),
HCT-15 (colon carcinoma), HeLa (cervical carcinoma), and HepG2 (hepatocellular carci-
noma). Sulforhodamine B assay was carried out as previously described.??

For hepatotoxicity evaluation in PLP2 cells, cell culture was prepared according to the
previously established procedure.2* As a positive control, Ellipticine was used, and the results
were presented as Glsg values (sample concentration responsible for 50 % inhibition of the net
cellular growth).

Statistical analysis

In all the assays, three replications of the samples were used and triplicates for each
concentration reading were carried out. The results were expressed as mean values + standard
deviation (SD) and analysed as a one-way analysis of variance (ANOVA) using IBM SPSS
Statistics for Windows, version 23.0 (IBM Corp., Armonk, New York, USA).
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RESULTS AND DISCUSSION
Composition of aromatic samples

Comparative presentation of chemical compositions of EOs of P. graveolens,
L. petersonii, C. martinii var. motia and R. centifolia absolute is given in Table I. In
total, 43 different compounds were identified. Oxygenated monoterpenes repre-
sented the major portion in all EOs, with the highest content confirmed in C. marti-
nii var. motia EO (98.48 %), while in R. centifolia absolute oxygenated monoter-
penes also represented a great portion (34.7 %) but the major constituents belonged
to a group of benzenoid/phenylpropenoid compounds (60.09 %).

TABLE I. Results of chemical analysis (Content, %) of commercial aromatics samples used in
the current study

Essential oils Absolute

RI EO constituent Microorganism

P. graveolens L. petersonii C. martini var. motia R. centifolia
925 o-Pinene 0.3 0.3
984 Dehydro-1,8-Cineol 0.1
1067 cis-Linalool oxide 0.2
1094 Linalool 11.4 2.3 2.1
1104 cis-Rose oxide 1.0
1111 Phenyl ethyl alcohol 57.7
1120 trans-Rose oxide 0.4
1139 trans-Verbenol 4.8
1145 Menthone 3.9
1147 Citronellal 21.1
1156 iso-Menthone 2.7
1186 o-Terpineol 0.4
1224 Citronellol 27.0 8.5 21.6
1236 Neral 0.4 222 0.9
1250 Geraniol 19.2 33 76.9 12.1
1266 Geranial 0.7 329 2.1
1269 Citronellyl formate 8.7 0.5
1295 Geranyl formate 5.5 0.9
1349 Citronellyl acetate 0.5 0.5
1356 Eugenol 2.2
1365 a-Copaene 0.4
1374 [-Bourbonene 0.3
1377 Geranyl acetate 15.7
1382 S-Elemene 1.0 3.8
1407 Methyl eugenol 0.2
1408 cis-Caryophyllene 1.2 0.8 1.4
1428 a-Guaiene 0.9
1432 6,9-Guaiadiene 5.6
1438 Aromadendrene 0.3
1468 Geranyl propanoate 0.7
1506 Geranyl isobutanoate 0.3
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TABLE I. Continued

Essential oils Absolute

RI EO constituent Microorganism

P. graveolens L. petersonii C. martini var. motia R. centifolia
1513 J&-Cadinene 1.6
1520 Citronellyl butanoate 0.6
1554 Geranyl butanoate 0.9
1557 trans-Nerolidol 0.7
1584 2-Phenyl ethyl tiglate 1.6
1594 Geranyl isovalerate 0.4
1658 trans-Citronellyl tiglate 0.3
1689 Heptadecane (C17) 0.8
1693 Geranyl tiglate 1.6
1861 n-Hexadecanol 1.5
1887 Nonadecane (C19) 0.5
2076 n-Octadecanol 0.8
Monoterpene hydrocarbons 0.32 0.25 0.00
Oxygenated monoterpenes 82.10 95.09 98.48 34.74
Sesquiterpene hydrocarbons 11.38 3.82 0.82 1.37
Benzoid/phenylpropanoid cmpds. 60.09
Oxygenated sesquiterpenes 6.21 0.00 0.70
Aliphatic hydrocarbons 1.32
Oxygenated aliphatics 2.30
Total of identified constituents® 100.0 99.16 100.0 99.83

“Relative percentage of identified constituents are obtained by GC-FID peak areas

Thirty-one compounds were identified in P. graveolens EO, as presented in
Table I; citronellol and geraniol were the major constituents followed by linalool, all
of them being monoterpene alcohols (57.6 % of EO). Similar to our results, Ben
ElHadj Ali et al.?5 showed the same major constituents in P. graveolens EOs from
Tunisia.

In the EO of L. petersonii, 10 compounds were identified (Table I), among
which geranial (32.9 %) was the major one, followed by neral and citronellal, all of
them belonging to monoterpene aldehydes (76.2 % of EO). A huge variation in the
chemical composition of L. petersonii EO was recently confirmed26 in L. peter-
sonii EO from Australia with the major constituent being geranyl acetate (31.4 %).
In our study L. petersonii EO the most nearly resembles L. petersonii EO — type
1,27 which has a pleasant scent and is abundant in monoterpene aldehydes (ger-
anial, neral and citronellal) that represent 83.5 % of EO. Apart to this, our EO also
contained monoterpene alcohols: citronellol and geraniol (11.8 %).

In the EO of C. martiniii var. motia (syn. C. martiniii var. martinii), 8 consti-
tuents were identified (Table I). The most dominant was monoterpene alcohol ge-
raniol (76.9 %), followed by its ester geranyl acetate; together they accounted for
92.6 % of the EO. According to Kakaraparthi et al.,28 the contents of geraniol
and gerany] acetate in the EO are inversely related, and depend on the harvest time.
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In R. centifolia absolute, 12 compounds were identified, as presented in Table
I, the major compound was aromatic alcohol 2-phenylethanol (57.7 %), followed
by monoterpene alcohols, citronellol (21.6 %) and geraniol (12.1 %). Although not
so extensively studied, chemical characterization of Rosa centifolia L. absolute was
previously reported;2° the most abundant constituents were 2-phenylethanol (66.5
and 64.8-73.0 %, respectively), followed by citronellol (10.1 and 8.8-12.0 %,
respectively) and geraniol (5.6 and 4.9—6.4 %, respectively), which is in agreement
with our findings.

Although the chemical composition of selected essential oils and an absolute
were more or less recently reported, as discussed above, this is the first compar-
ative comprehensive report on their chemistry.

Antimicrobial activity

The obtained results of antibacterial and antifungal activity are summarized
in Tables II and III, respectively. The tested aromatic samples exhibited signi-
ficant antimicrobial activity against all strains, and the inhibition values ranged as
follows: MIC 0.01-0.50 mg mL~!, MBC 0.03—1.00 mg mL-!. Among the four
tested aromatic samples, the EO of C. martiniii var. motia exhibited the lowest
antibacterial potential (MIC 0.25-0.50 mg mL~!, MBC 0.50-1.00 mg mL-!). On
the other hand, the EO of L. petersonii EO proved to have the strongest achieve-
ments (MIC 0.01-0.25 mg mL~!, MBC 0.03-0.25 mg mL-!, Table II).

TABLE II. Antibacterial activity of tested aromatic samples compared to Hexoral (MIC and
MBC in mg/mL)

Essential oils Absolute i ®
. — - — —— Hexoral
Bacteria C. martini var. motia  P. graveolens L. petersonii R. centifolia
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
S. aureus 0.50 1.00 050 1.00 0.13 025 0.13 025 1.56 3.12
S. pyogenes 0.50 1.00 050 1.00 0.13 025 0.25 0.50 0.65 1.31
S. mutans 0.50 1.00 0.50 1.00 0.06 0.13 0.25 0.50 1.56 3.12
L. acidophilus ~ 0.25 0.50 025 050 0.06 0.13 0.13 025 1.56 3.12
S. salivarius 0.50 1.00 025 050 0.06 0.13 0.13 025 0.78 1.56
S. sanguis 0.25 0.50 025 050 0.06 0.13 0.13 025 0.19 0.39
P. aeruginosa 0.50 1.00 0.13 025 025 025 0.25 0.50 0.78 1.56
E. faecalis 0.25 0.50 0.13 025 0.01 0.03 0.13 025 0.78 1.56

However, this is the first report on comparative evaluation of four essential
oils and an absolute against the most common bacteria isolated from the human
oral cavities.

The results of antifungal activity showed the strongest antifungal potential of C.
martinii var. motia EO (MIC 0.003-0.007 mg mL~1, MFC 0.007-0.015 mg mL-1),
while the lowest one was achieved with R. centifolia absolute (0.06-0.13 mg mL1,
MFC 0.12-0.25 mg mL-!). Commercial oral antiseptic, Hexoral, showed lower anti-
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fungal effect on tested Candida strains (MICs and MFCs in range 1-4 mg mL-1)
(Table III). Tested Candida strains proved to be more sensitive compared to clin-
ical isolates of all bacteria, which could be principally addressed to the differen-

ces in their cell organizations.

TABLE III. Anticandidal (C. albicans, C. krusei and C. glabrata) efficacy of tested aromatic
samples and antibiotics (MICs and MFCs in mg mL™)

Essential oils

Absolute

— - — —— Hexoral®

No C. martini var. motia  P. graveolens L. petersonii  R. centifolia

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC
1 0.003 0.007 003 006 006 013 0.06 0.12 1.00 2.00
2 0.003 0.007 003 006 006 013 0.06 0.12 1.00 2.00
3 0.003 0.007 0.03 006 006 0.13 006 0.12 1.00 2.00
4 0.003 0.007 003 006 006 013 0.13 025 1.00 2.00
5 0.003 0.007 003 006 006 013 0.13 025 1.00 2.00
6 0.003 0.007 003 006 006 013 0.13 025 1.00 2.00
7 0.003 0.007 003 006 006 013 0.06 0.12 1.00 1.00
8 0.003 0.007 0.03 006 0.03 0.06 0.06 0.12 1.00 2.00
9 0.003 0.007 0.03 0.06 0.03 0.06 0.13 025 1.00 2.00
10 0.003 0.007 0.01 0.02 0.03 0.06 006 0.12 1.00 2.00
11 0.003 0.007 003 006 006 013 0.06 0.12 1.00 2.00
12 0.007 0.015 0.03 006 006 013 0.06 0.12 1.00 2.00
13 0.007 0.015 003 006 006 013 0.06 0.12 2.00 4.00
14 0.007 0.015 001 002 006 013 0.06 0.12 1.00 2.00
15 0.003 0.007 0.03 006 006 0.13 006 0.12 1.00 2.00
16 0.003 0.007 0.03 006 0.03 0.06 006 0.12 1.00 2.00
17 0.003 0.007 0.06 0.12 0.03 0.06 0.13 020 1.00 2.00
18 0.007 0.015 0.03 006 0.03 0.06 0.06 0.12 2.00 4.00
19 0.007 0.015 0.03 006 0.03 0.06 0.06 0.12 1.00 2.00
20 0.007 0.015 003 006 006 013 0.06 0.12 1.00 2.00
21 0.003 0.007 0.03 006 006 0.13 006 0.12 1.00 2.00
22 0.003 0.007 001 002 006 013 0.13 025 1.00 2.00
23 0.003 0.007 0.01 002 006 013 0.06 0.12 1.00 2.00
24 0.003 0.007 003 006 006 013 0.13 025 1.00 2.00
25 0.003 0.007 006 012 006 013 0.13 025 1.00 2.00
26 0.003 0.007 003 006 006 013 0.06 0.12 2.00 4.00
27 0.003 0.007 0.03 006 006 0.13 006 0.12 1.00 2.00
28 0.003 0.007 006 012 006 013 0.13 025 1.00 2.00
29 0.003 0.007 003 006 006 013 0.13 025 1.00 2.00
30 0.003 0.007 0.03 006 006 013 0.13 025 1.00 2.00
31 0.003 0.007 003 006 006 013 0.13 025 1.00 2.00
32 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
33 0.003 0.007 0.06 0.12 0.03 0.06 0.06 0.12 1.00 2.00
34 0.003 0.007 0.06 0.12 0.03 0.06 006 0.12 1.00 2.00
35 0.003 0.007 006 012 006 013 0.06 0.12 1.00 2.00
36 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
37 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
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TABLE III. Continued

Essential oils Absolute ®
Hexoral

No. C. martini var. motia  P. graveolens L. petersonii R. centifolia

MIC MFC MIC  MFC MIC MFC MIC MFC MIC MFC
38 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
39 0.007 0.015 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
40 0.007 0.015 0.01 0.02 0.06 0.13 0.06 0.12 1.00 2.00
41 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
42 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
43 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
44 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
45 0.007 0.015 0.01 0.02 0.06 0.13 0.06 0.12 2.00 4.00
46 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
47 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
48 0.003 0.007 0.06 0.12 0.06 0.13 0.06 0.12 1.00 2.00
49 0.007 0.015 0.06 0.12 0.06 0.13 0.06 0.12 1.00 2.00
50 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
51 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
52 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 2.00 4.00
53 0.007 0.015 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00
54 0.003 0.007 0.03 0.06 0.06 0.13 0.13 025 1.00 2.00
55 0.003 0.007 0.03 0.06 0.06 0.13 0.13 025 1.00 2.00
56 0.003 0.007 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
57 0.003 0.007 0.03 0.06 0.03 0.06 0.13 025 1.00 2.00
58 0.007 0.015 0.06 0.12 0.03 0.06 0.06 0.12 1.00 2.00
59 0.007 0.015 0.03 0.06 0.03 0.06 0.06 0.12 1.00 2.00
60 0.003 0.007 0.03 0.06 0.06 0.13 0.06 0.12 1.00 2.00

Although there are recent findings3? on the anticandidal activity of natural
products that were used in the current study, this study presents the first compre-
hensive investigation on various Candida strains, the referent ATCC strains and
the clinically isolated ones from the human oral cavities. The obtained results
indicated that natural, terpene-rich products, investigated herein, are good candi-
dates for further development of topical anticandidal preparations, which make
them particularly interesting for application in the pharmaceutical industry.

The results of antibiofilm activity of tested commercial aromatic samples are
presented in Table IV. The process of biofilm formation was inhibited by
samples in which S. mutans, P. aeruginosa and C. albicans were engaged. Tested
subMIC (1/2MIC) concentrations of all aromatic samples inhibited biofilm form-
ation of S. mutans and P. aeruginosa to the extent ranging 81.22—-86.07 and
70.98-86.79 %, respectively. Lower inhibition values were achieved by antibio-
tic: streptomycin and ampicillin (49.40 and 69.16 %, respectively).

The inhibition values for C. albicans biofilm range 81.22-86.07 %, while
that of the standard antimycotic drug fluconazole was even lower 73.00 %. The

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



ACTIVITY OF SELECTED VOLATILES 1 299

best inhibition capacity is observed with the use of R. centifolia absolute while
the lowest with L. petersonii EO (Table IV).

TABLE IV. Antibiofilm activity of tested aromatic samples (biofilm inhibition + SD, %)
applied in subMICs compared to standard antibiotics

. Microorganism
Antibiofilm agent S. mutans P. aeruginosa C. albicans
C. martini var. motia 84.56+1.80? 86.79+2.212 84.56+2.302
P. graveolens 81.55+1.40? 87.50+3.25% 81.55+2.102
R. centifolia 81.22+2.102 70.98+2.58P 81.22+1.80?
L. petersonii 86.07+£2.302 81.07+2.502 86.07+2.002
Streptomycin 49.40+0.90° 49.40+1.80° -

Ampicillin 69.16+1.10b 69.16+1.20°

Fluconazole 73.00+2.30P

Nevertheless, it should be noted that antibiofilm investigations conducted in
our study represents one of the first reports on antibiofilm activities of four
different aromatic products against several oral pathogenic microbes.

In order to observe inhibitory effect of L. petersonii and P. graveolens EOs,
in particular the changes they cause to C. albicans cells, SEM micrographs were
recorded. Applied at determined MIC value, both EOs achieved strong inhibition
of C. albicans cells growth (Figs. 1 and 2), though the activity of L. petersonii
was stronger.

& 1x I0kV X1,000 1OHASA 30469

Fig. 2. SEM of untreated control C. albicans biofilm (K), treated with L. petersonii EO
following 6 (C) and 24 h (D).
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Six hours following the incubation (Figure 1A and 2C), both EOs significantly
reduced the initial phase of biofilm formation, while 24 h following the incubation,
the reduction was much higher (Fig. 1B and D). Morphological changes were
observed in the cells shape, as well in their size and number. The induced modi-
fications may be attributed to the interference of EOs constituents with enzymatic
reactions of the cell wall synthesis which affects the fungal morphogenesis and
growth. The results of this experiment indicate that EOs of L. petersonii and P.
graveolens affect cells of C. albicans, thereby leading to clearly detectable number
of cells and morphological changes. Although their mechanism of action is not
fully explained yet, taking into account the obtained results, we assume that they
have a great potential in eliminating C. albicans biofilm.

Cytotoxic activity

The cytotoxic effects of the commercial aromatic samples on several human
tumour cells lines (NCI-H460, MCF-7, HCT-15, HeLa and HepG2) and on non-
-tumour cells (PLP2), represented as the concentrations that inhibit 50 % of cell
growth (Gl50), are summarized in Table V.

Table V. Cytotoxicity of tested aromatic samples (Glso = SD, ng mL™!) compared to standard
cytotoxic drug

. Essential oils Absolute Lo
Cell line — — - —— Ellipticine
P. graveolens Rosa centifolia C. martini var. motia Rosa centifolia
MCF7 116.66+£9.62%  47.70+2.34¢ 54.51+4.47b¢ 80.80+1.28°  0.91+0.04
NCI-H460 81.47+2.03>  24.38+0.014 60.65+0.92¢ 92.45+0.952  1.42+0.00
HCT15 63.72+1.392 5.60+£0.37¢ 39.23+0.65° 65.48+2.208 1.91+0.06
HeLa 70.96+0.04*  9.01+2.214 58.47+0.14° 49.55+1.29¢  1.14+0.21
HepG2 93.91+£2.992  29.584+2.59¢ 53.84+3.16° 90.94+1.26* 3.22+0.67
PLP2 >400 316.83+2.63 358.67+3.492 >400 2.06+0.03

This is the first comparative report summarizing cytotoxic potential of EOs
of P. graveolens, L. petersonii, C. martinii and R. centifolia absolute. Our results
indicated that essential oils and absolute should be safe for use since expressing
low or no-cytotoxicity to primary liver cells. On the other side, further in vivo
studies are needed to confirm our findings.

CONCLUSION

This work suggests that the studied essential oils and absolute are naturally
occurring antimicrobials that could be assumed as promising agents in prevention
and treatment of a range of bacteria and fungi related contaminations and infec-
tions. In addition, the samples showed cytotoxic effects in human tumour cell
lines, while low or no toxicity to primary liver cells. The antimicrobial activity
was confirmed against a range of Gram-positive and Gram-negative bacteria and
Candida species. In particular, data from the present study illustrate the ways in
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which P. graveolens and L. petersonii EOs inhibit and kill bacteria and fungi;
possessing very good anti-tumour potentials at the same time, ultimately making
them applicable in the development of new procedures for the treatment of vari-
ous oral conditions. However, this is the first comparative report summarizing
antimicrobial activity against pathogenic microbes isolated from human oral
cavity; providing an insight into the modes of antimicrobial action; and at the
same time describing their cytotoxicity against tumour cell lines. Further in vivo
studies are necessary to support our data.

Acknowledgment. The authors are grateful to the Ministry of Education, Science and
Technological Development of Serbia (Grants No. 451-03-9/2021-14/200007 and 451-03-
-9/2021-14/200003).

U3BOJI

XEMHJCKHU CACTAB U BUOJIOIIKE OCOBUHE ETAPCKUX VJbA Pelargonium graveolens,
Leptospermum petersonii U Cymbopogon martinii VAR. motia U APOMATHUYHE BOJE
Rosa centifolia

MUJIOILI HUKOJIUR', TATJAHA MAPKOBUR?, IEJAH MAPKOBHR®, RICARDO C. CALHELHA®, ANGELA
FERNANDES', ISABEL C.F.R. FERREIRA?, IEJAH CTOJKOBHR', AHA RUPUR', JACMUHA ITTAMOYJTHJA'
1 MAPMHA COKOBHUR'

1I/Incmuuiyu7 3a duonowxa uctipaxcusara ,Cunuwa Ciianxosuh” — Huctluuitlyiti 0 HAYUOHATHOT 3HAUA)jA 30
Peitydnuxy Cpoujy, Ynueep3uiteit y beoipagy, Bynesap gecuiotia Citieparna 142, 11000 Beoipag,
*Hncimuiiyii 3a iipoyudsarwe nexosuiuot ouna ,Jp. Jocud Manuuh®, Tageyua Kowhywxa 1, 11000
Beoipag, *Knunuka 3a geujy u ipeseniiiusy ciioMamionotujy, CuomMamionowxy Gpaxyniieid,
Yuusep3uitieii y Beoipagy, Ip. Cydomuha 8, 11000 Beoipag u ‘Centro de Investigagio de Montanha,
Escola Superior Agrdria, Campus de Santa Apolénia, 5300-253 Braganga, Portugal

Y oBOM pafly UCIIUTHBAH je XEMHjCKH CacTaB U OMOJIOIIKA aKTUBHOCT eTapcKux yiba (EO)
Pelargonium graveolens, Leptospermum petersonii, Cymbopogon martinii var. motia 1 apoma-
THYHe Boje Rosa centifolia. [naBHa jemumewa y P. graveolens EO OGN Cy MOHOTEPNEHCKH
aJIKOXOJIM LIUTPOHEJION, TepaHuo U JUHaNoin; y L. petersonii EO MOHOTEPNEHCKH afieXUix
repaHyan, Hepan W uuTpoHenan; y C. martinii var. motia EO MOHOTEpNEHCKH alKOXOJ
repaHuoJl ¥ ecTap repaHWI-alerar, JOK je y apoMaTHYHOj BOgU R. centifolia 610 JoMUHAHTaH
aikoxon 2-penuneranon. EO L. petersonii mokasano je HajcHOKHUje aHTUOAKTEPHjCKO [IEjCTBO
ok je EO C. martinii var. motia WUCNOJBUIIO HAjjayll aHTUQYHraaHU TnoTeHuujan. Hajdomu
WHXUOUTOPHU KamauuteT duoduima 3adenexeH je 3a apoMaTHuHy Boay R. centifolia. Pesyn-
TaTH aHaMu3e ckeHUpajyhe enexrpoHcke mukpockonuje (SEM) ykasanu cy na EO L. petersonii
u P. graveolens cmamyjy 0poj u memwajy mopdosnorujy henuja xBacua Candida albicans. L.
petersonii EO umaino je HajpehM LUTOTOKCHYHM NOTEHUHjal NPEMa XYMaHHUM TYMODCKHM
henujckum nuHMjama. OBO je MPBM yNOPEOHH H3BEIUTaj KOjU CyMHpa edUKACHOCT Ipoyya-
BAHHUX apOMATHYHUX y30paKa IMPOTHUB MAaTOreHWX MUKPoda, npyxajyhu nydrpu yBUL Y HAUHHE
QHTUMHUKPOOHOT IieJioBakba U UCTOBPEMEHO OMUCYjyhU BUX0BY IIUTOTOKCUYHOCT Tpema henuj-
CKHM JIMHHUjaMa.

(ITpumiseno 29. jyna, pesuaupano 10. centembpa, mpuxsaheno 15. HoBembpa 2021)
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