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ABSTRACT: Hypericum olympicum L. (Hypericaceae) thrives in Turkey, S. Balkans, Greece, and Serbia. While the
decoction prepared is internally used for stomachache; used externally for inflamed wounds and cuts in traditional. This
research aims to examine the in vitro antimicrobial of the essential oil (EO) obtained using H. olympicum aerial parts. The
EOs from H. olympicum aerial parts and roots were distilled and characterized by GC-FID and GC/MS systems,
respectively. Germacrene D (26.4%) and a-pinene (8.5%) were found as the main components of the aerial parts of H.
olympicum EO. The EO of H. olympicum root were characterized with undecane (38.9%), a-pinene (14.2%), and 3-methyl
nonane (9.2%). The antimicrobial activity of EO of H. olympicum aerial parts was observed S. pyogenes (219 ng/mL), E. coli
(8.75 mg/mL), S. aureus (109 ng/mL) and C. albicans (55 pg/mL). Essential oil of H. olympicum aerial parts is differently
reported in the literature while the chemical composition of EO of H. olympicum root is identified for the first time.
According to our findings, the essential oil of the H. olympicum aerial parts showed a strong effect against skin wound
pathogens.
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1. INTRODUCTION

The genus Hypericum L., Hypericaceae, includes more than 450 species divided into 36 sections of
herbs, shrubs and trees growing widely in Europe, America and West Asia [1,2]. It is distributed in
subtropical, warm temperate, Mediterranean and mountainous tropical regions and is constantly
transplanted from its wild environment and cultivate [3]. Eighty-nine species represent the Hypericum L.
genus, and 43 of these are endemic to Turkey [4,5]. H. olympicum, which grows in sparse populations on dry
spots and rocky grounds, naturally are perennial in Turkey [6].

The Hypericum species are used as traditional treatments in many countries of the World. The different
parts of H. perforatum (St. John's Wort) are commonly used as an anti-depressant, wound healer, and anti-
inflammatory. Also, H. perforatum traditionallyconsume due to an anti-depressant in several parts of
European countries [7].

The different parts of Hypericum species, the leaves, flowers, and fruits, were traditionally prepared
as infusion due to medicinal effects such as vermifuge, wound healing, antihysterical, diuretic, anti-
depressive and sedative agent in the Canary Islands [8].

In Turkey, different parts of Hypericum species are traditionally used as appetizer, sedative,
antidiarrheic, antispasmodic, anti-helminthic and diuretic [9]. Also, Hypericum olympicum is widespread in
Macedonia, Greece, and Serbia [4,6,10,11].

The Hypericum species is called "goat St John's wort", the solid goat-like smell of the leaves, while H.
olympicum is called "Sar1 kantaron" in Turkish folk medicine. Aerial parts of H. olympicum traditionally
have been prepared with the decoction method. At the same time, the decoction prepared is traditionally
used internally for stomachache and externally for inflamed wounds and cuts [8,12].

The phytochemical composition of Hypericum species was exposed, and these species produce a broad
spectrum of valuable components, mainly phloroglucinols (adhyperforin and hyperforin),
naphthodianthrones (pseudohypericin and hypericin), xanthones /benzophenones, flavonoids (kaempferol,
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quercetin), bioflavonoids, and tannins (proanthocyanidins) [2,13]. These metabolites exhibit a broad range of
biological effects, including cytotoxic, antibacterial, and anti-inflammatory activities, in addition to their
well-known antidepressant activity [14,15].

Essential oils (EOs), in particular, are an interesting mixture of volatile components that were shown
to have a strong antimicrobial, antiangiogenic, and antioxidant effects, even though Hypericum species are
generally known to have low EO yields < 1%. The EO combinations mainly consist of mono- and
sesquiterpenes, in the form of hydrocarbons or oxygenated derivatives. The EOs of Hypericum species are
included monoterpenes as major components (a-pinene, limonene, and (E)-caryophyllene) [15,16].

When H. perforatum has been subjected to many chemical compositions and biological activities in
recent years, the biological activities of H. olympicum essential oil has not yet been thoroughly investigated.

This research includes the chemical components of aerial parts and roots of H. olympicum EOs. Also,
the antimicrobial effects of H. olympicum aerial parts were evaluated against skin pathogens.

2. RESULTS and DISCUSSION
2.1. Essential oil composition

The current study aimed at the determination of the chemical components of essential oils of H.
olympicum aerial parts and root. The essential oils were subjected to hydrodistillation to obtain EOs, then
EOs were examined by GC/MS and GC/FID simultaneously. The yield of H. olympicum aerial parts was
calculated as 0.23% while a small quantity of EO of H. olympicum root is trapped in n-hexane. The chemical
compositions of the EOs are listed in Table 1.

A total of 51 volatile compounds were identified in the essential oil components of H. olympicum root,
representing 93.2% of the total oil. The EO of H. olympicum root were characterized with undecane (38.9%), a-
pinene (14.2%), 3-methyl nonane (9.2%), 2-methyl-decane (5.8%) and a-cadinol (2.1%).

The EO of H. olympicum root was included total monoterpenes (75.6%), total sesquiterpenes (13.0%),
fatty acid (1.0%) and the others (3.6%). Previously, there have been no studies on the essential oil
composition of H. olympicum root.

Eighty-four volatile compounds were identified in the essential oil composition of H. olympicum aerial
parts, representing 92.2% of the total oil. The EO of H. olympicum aerial parts were characterized with
germacrene D (26.4%), a-pinene (8.5%), 6-cadinene (5.5%), y-muurolene (4.0%), 3-methyl nonane (2.8%), (Z)-
p-farnesene (2.8%), y-cadinene (2.5%) and a-cadinol (2.4%).

Table 1. Chemical composition of essential oils of H. olympicum root and aerial parts

RRI Compound Root  Aerial parts  Identification
% % Method
965 3-Methyl nonane 9.2 2.8 MS
1000 Decane 0.3 0.1 RRI, MS
1032 a-Pinene 14.2 8.5 RRI, MS
1035 a-Thujene - 0.1 MS
1065 2-Methyl decane 5.8 13 MS
1076 Camphene - 0.2 RRI, MS
1100 Undecane 38.9 0.5 RRI, MS
1118 ﬁ—Pinene 1.5 1.9 RRI, MS
1151 0-4-Carene 0.1 0.2 MS
1159 0-3-Carene 0.3 - MS
1174 Myrcene 0.8 0.6 RRI, MS
1176 a-Phellandrene tr 0.1 RRI, MS
1200 Dodecane 0.4 0.1 MS
1203 Limonene 1.1 1.3 RRI, MS
1218 p-Phellandrene 0.2 0.1 RRI, MS
1220 cis-Anhydro linalool oxide - 0.1 MS
1244 2-Pentyl furan 04 tr MS
1246 (Z)- p-Ocimene 0.1 0.5 MS
1255 y-Terpinene 0.4 0.5 RRI, MS
1266 (E)- p-Ocimene tr 0.5 MS
1280 p-Cymene 1.1 0.2 RRI, MS
1290 Terpinolene 0.2 0.3 RRI, MS
1300 Tridecane 0.6 tr RRI, MS
1400 Nonanal 0.3 0.1 MS
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2369 Eudesma-4(15)7-dien-1-f-ol - 1.0 MS
2503 Dodecanoic acid - 0.1 RRI, MS
2622 Phytol - 0.6 MS
2670 Tetradecanoic acid 0.3 tr RRI, MS
2900 Nonacosane 0.6 04 RRI, MS
2931 Hexadecanoic acid 0.7 0.5 RRI, MS

Monoterpene hydrocarbons 75.6 19.8

Oxygenated monoterpenes - 2.6

Sesquiterpene hydrocarbons 8.1 54.8

Oxygenated sesquiterpenes 49 12.8

Fatty acid 1 0.6

Diterpenes - 0.6

Others 3.6 1

Total 93.2 92.2

RRI: Relative retention indices calculated against n-alkanes;

% calculated from Flame lonization Detector (FID);

tr: Trace (<0.1 %);

Identification method based on the relative retention indices (RRI) of authentic compounds on a HP Innowax column;
MS: identified on the basis of computer matching of the mass spectra with those of the Wiley and MassFinder libraries

The EO of H. olympicum aerial parts was found total monoterpenes (22.4%), total sesquiterpenes
(67.6%), fatty acid (0.6%), diterpenes (0.6%) and the others (1.0%).

In previous studies, the aerial parts of H. olympicum were collected from Greece and Serbia [6,10,20].
Gudzi¢ and co-workers reported that the main components of H. olympicum essential oil from Serbia were
(E)-anethole (30.7%), p-farnesene (12.4%) and 6-cadinene (8.7%) [6]. However, (E)-anethole was not detected
in the H. olympicum essential oils from Greece, which were published 2001 and 2003 years [20]. In other
study, Pavlovi¢ and co-workers reported H. olympicum EO was found germacrene D (16.0%) and (E)-
caryophyllene (7.4%) as major components and were identified total 41 volatile compounds [10]. While the
component with the highest content in H. olympicum from Serbia was (E)-anethole (30.7%), it was not
dedected in the EOs from Turkey and Greece. According to Serbia, the aerial parts of the H. olympicum EO
from Turkey are similar to the essential oil of the H. olympicum from Greece. There are significant differences
in the chemical components of EOs of H. olympicum due to the location difference. Also, the other parameters
affecting the composition of Hypericum EOs could be linked to variables such as developmental stages,
seasonal variation, genetic factors, phenological cycle, and environmental conditions [15].

The chemical composition of essential oil of H. olympicum aerial parts was compared to other
Hypericum species essential oil of H. saturejifolium Jaub. and Spach. from Turkey (germacrene D: 30.2%) and
essential oil of H. perfoliatum leaves from the USA (germacrene D: 25.7%) [21,22]. According to the results,
the chemical compositions of the three EOs were close.

2.2. Antimicrobial activity

The antimicrobial activity of the essential oil of H. olympicum aerial parts was tested against reference.
The strains were the gram-negative (E. coli), gram-positive bacteria (S. aureus, S. pyogenes) and the yeast (C.
albicans) strains. The results of the antimicrobial activity of the EO are given in Table 2.

Table 2. MIC values of the essential oil of H. olympicum aerial parts (ng/mL)

Microorganisms EO Ciprofloxacin

Streptococcus pyogenes

ATCC 13615 219 0.0312

Escherichia coli

NRRL B-3008 8750 0.0625

Staphyllococcus aureus

ATCC 6538 109 0.125

Candida albicans

ATCC 90028 55 1*
*Ketoconazole
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While the EO is demonstrated the highest antimicrobial activity against C. albicans (55 pg/mL), it
recorded the highest antibacterial activity against S. aureus (109 pg/mL). The EO showed moderate
antibacterial activity against E. coli (8.75 mg/mL). Among the tested microorganism, S. aureus and C. albicans
were more sensitive to the EO of H. olympicum aerial parts. From the results obtained, the EO observed a
more potent activity against Gram-positive bacteria than Gram-negative bacteria. Also, the EO was found as
effective against skin pathogens (S. aureus and S. pyogenes).

Previously, the antimicrobial activity of H. olympicum aerial parts extracts was investigated using an
agar disk diffusion assay. This study showed very strong antifungal activity for the methanolic extract of H.
olympicum [11]. To the best of our knowledge, no antimicrobial activity of the essential oil of H. olympicum
has been reported in the literature.

Several microorganisms, such as P. aeruginosa, and S. aureus, are often responsible for skin wounds in
animals and humans. Therefore, the well-documented antimicrobial activities from the EOs of Hypericum
could play a crucial role in figuring out the wound-healing effects of Hypericum species. The other EOs of
Hypericum species (H. perforatum, H. empetrifolium, and H. triquetrifolium) were shown the most significant
healing properties. C. krusei and C. tropicalis were more sensitive to the EOs from H. empetrifolium. However,
Staphylococcus strains were shown mainly as resistant to H. triquetrifolium EOs. Also, the EOs of H. perforatum
were found effective against the other skin pathogens. [14,15].

3. CONCLUSION

Essential oil represents an important source of bioactive prepared for human well-being, including
antimicrobial treatments —several reports of traditional uses of Hypericum species for skin wound problems.

In research, volatile components of EOs of H. olympicum root and aerial parts were reported in the
present study. Essential oil of H. olympicum aerial parts is differently reported in the literature, while the
chemical composition of EO of H. olympicum root is identified for the first time.

According to our findings, the essential oil of the H. olympicum aerial parts showed considerable effect
against pathogens. It is especially noteworthy that the efficacy in treating skin-wound is exceptionally high.
Therefore, In vivo and clinical skin wound healing studies should proceed with the essential oil of H.
olympicum in the future.

4. MATERIALS AND METHODS
4.1. Plant material and essential oil

The aerial parts and root of H. olympicum were collected from Kirazli Waterfall, Eskisehir (Turkey)
(Figure 1). The plant is identified by Dr. Yavuz Biilent Kose, and voucher specimens had at the herbarium of
Anadolu University, Turkey (ESSE 15428).

Figure 1. Hypericum olympicum L.
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The EOs were taken by hydro-distillation using a Clevenger-type apparatus for 3h. The EOs were
stored in an amber vial and analysed by Gas Chromatography-Mass Spectrometry (GC/MS) and Gas
Chromatography-Flame Ionization Dedector (GC/FID), simultaneously.

4.2. Essential oils isolation with GC/MS and GC/FID methods

The hydrodistilled essential oils of H. olympicum aerial parts and root were analysed by GC/FID and
GC/MS (17). The GC-MS analysis was performed with an Agilent 5975 GC-MSD system. Innowax FSC
column (0.25 pm, 60 m x 0.25 mm film thickness) was run with helium as carrier gas (0.8 mL/min). GC oven
temperature was kept at 60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept constant
at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/min. The split ratio was adjusted at 40:1.
The injector temperature was set at 250°C. Mass spectra were recorded at 70 eV, and the mass range was
from m/z 35 to 450.

The GC analysis was carried out using an Agilent 6890N GC system. The FID detector temperature
was 300°C. Simultaneous auto-injection was done on a duplicate of the same column applying the same
operational conditions to obtain the same elution order with GC-MS. Relative percentage amounts of the
separated compounds were calculated from FID chromatograms. The results of the analysis are listed in
Table 1.

The volatile compounds were identified by comparing their relative retention times (RRT) with those
of authentic samples or by comparing their relative retention index (RRI) to the n-alkanes series. Computer
matching against in-house “Baser Library of Essential Oil Constituents” and commercial (MassFinder 4
Library, Wiley GC/MS Library) built up by volatile compounds and components of known oils were used.

4.3. Microbial cultures

The test microorganisms used in the research were as follows: Streptococcus pyogenes American Type
Culture Collection (ATCC) 13615 Escherichia coli Northern Regional Research Laboratory (NRRL) B-3008
Staphylococcus aureus ATCC 6538 and Candida albicans ATCC 90028,

4.4. Antimicrobial activity

The microdilution-broth susceptibility assay was used for the antimicrobial evaluation of the EO of H.
olympicum aerial parts. The EO was calculated as the minimal inhibitory concentration (MIC, ng/mL).

Microorganism isolates for antimicrobial activity testing were obtained from the American Type
Culture Collection (ATCC) and Agricultural Research Service Culture Collection (NRRL) in lyophilized
form. Until inoculation and purity testing, the microorganisms were kept in glycerol at -85°C. As reported
previously, the potential antibacterial activity of materials was assessed using a broth microdilution test
based on a modified Clinical and Laboratory Standards Institute procedure. S. pyogenes, E. coli, S. aureus and
C. albicans were used as test microorganisms. For the first stock solution, the sample (2 mg/mL) was
dissolved in sterile dimethyl sulfoxide (DMSO). 100 pL of samples were placed into 96-well microplates, and
fold serial dilutions were carried out. Following the dilutions, 50 pL serial dilutions of tubidometrically
adjusted microorganisms (105-106 CFU/mL) were put onto the plates. After a 24-hour incubation period at
37°C, the first well was treated with 20 pL of resazurin, ensuring the Minimum Inhibitory Concentrations
(MIC) on all microplates, where the lowest concentration of the samples inhibited visible growth. The
standard antibiotics, ciprofloxacin (Merck) (for bacteria) and ketoconazole (Fluka) (for fungi) (128-0.25
ng/mL) were used as standard controls. The test plate additionally included solvent and microbiological
controls. All the test samples were subjected to antibacterial tests at least three times [18,19] (See Table 2 for
the results).
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