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Abstract

The Balkan endemic species Satureja kitaibelii Wierzb. ex Heuff. is known in the folk medicine as herbal remedy, spice and
natural food preservative. It has many biological properties such as antimicrobial, antioxidant, anti-inflammatory, etc. The
purpose of this study was the GC/MS and TLC analyses of Satureja kitaibelii extracts of Bulgarian origin. Th plant surface
exudate, the methanolic extract and a fraction prepared by alkaline hydrolysis were obtained the aerial parts. Phenolic acids,
flavonoid aglycones (methyl derivatives of flavones), triterpene acids, terpenoids and fatty acids were identified in the plant
surface exudate. Carvacrol, oleanolic acid, ursolic acid and 4-hydroxybenzoic acid were determined as main compounds in the
plant surface exudate. Phenolic acids as quinic and rosmarinic acids, and carvacrol and palmitic acid prevailed in the methanolic
extract. The most prevalent methanol insoluble phenolic acids further extracted with ethyl acetate after alkaline hydrolysis
were caffeic and 4-hydroxycinnamic acids, followed by ferulic, syringic, 4-hydroxybenzoic and 3,5-dihydroxybenzoic acids.
The investigated S. kitaibelii extracts showed a high content of important biologically active substances.

Rezumat

Specia endemica balcanica Satureja kitaibelii Wierzb. ex Heuff. este cunoscuta in medicina populara ca remediu empiric, ca
si condiment sau conservant alimentar natural. Are multe proprietati biologice, cum ar fi efectul antimicrobian, antioxidant,
antiinflamator, etc. Scopul acestui studiu a fost analiza GC/MS si TLC a extractelor de Satureja kitaibelii din Bulgaria. S-au
obtinut exudatul de suprafati al plantei, extractul metanolic si o fractiune preparati prin hidroliza alcalina din pirtile aeriene. in
exudatul de suprafatd au fost identificati acizi fenolici, agliconi flavonoizi (derivati metilici ai flavonelor), acizi triterpenici,
terpenoizi si acizi grasi. Carvacrolul, acidul oleanolic, acidul ursolic si acidul 4-hidroxibenzoic au fost determinati ca si
compusi principali in exudatul de suprafata al plantei. Acizii fenolici, precum acizii chinic si rosmarinic, carvacrolul si acidul
palmitic au predominat in extractul metanolic. Cei mai raspanditi acizi fenolici insolubili in metanol extrasi cu acetat de etil
dupa hidroliza alcalina au fost acizii cafeic si 4-hidroxicinamic, urmati de acizii ferulic, siringic, 4-hidroxibenzoic si 3,5-
dihidroxibenzoic. In concluzie, extractele de S. kitaibelii investigate au aritat un continut ridicat in substante biologic active.
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Introduction of Satureja kitaibelii extracts in order to identify
The species Satureja kitaibelii Wierzb. ex Heuff. is gjlgb;(r)izctlve compounds of the specie endemic in

one of the five most common wild species of the
genus in the Balkans [1-3]. Its distribution includes

the territories of the former SFR Yugoslavia, Bulgaria Materials and Methods

and a small part of Romania [1, 4, 5]. The above- Plant material

ground parts of the plants are used in traditional Aerial parts of S. kitaibelii plants in full flowering were
cuisine and medicine in the whole range of species harvested in August 2020 from the protected area
distribution, but most widely in Serbia. As a folk “Kailaka”, near the town of Pleven, Middle Danube
remedy they are mainly used for diarrhoea, nausea, plain, Bulgaria. The bedrock in this area is limestone
indigestion, respiratory and infectious diseases, cramps, and the altitude is 200 m a.s.l. The sample material
muscle pain, infertility and menstrual disorders. In was air-dried without exposure to direct sunlight. A
Serbia, the stalks are offered as a commercial product voucher specimen (CO 1414) was deposited at the
under the name Rtanj tea [5]. In the recent years many Herbarium of Institute of Biodiversity and Ecosystem
valuable properties of the species such as antioxidant, Research, Bulgarian Academy of Sciences (SOM).
anti-inflammatory, antimicrobial, hypoglycaemic and Reagents

antitumour activity were reported [6-8]. The purpose Methanol, acetone, chloroform, ethyl acetate, sodium
of the present study was the GC/MS and TLC analysis hydroxide, hydrochloric acid, pyridine (HPLC grade,

91



FARMACIA, 2023, Vol. 71, 1

Alfa Aesar) were purchased from Valerus, Bulgaria.
N,O-bis-(trimethylsilyl) trifluoroacetamide (BSTFA,
Sigma-Aldrich, product no. 15222), 3,5-dichloro-4-
hydroxybenzoic acid (Sigma-Aldrich, product no.
D64007), 2-aminoethyldiphenyl borate (Sigma-Aldrich,
product no. 42810), TLC silica gel plates Kieselgel 60
F254, TLC DC-Alufolien Polyamid 11 F254 plates,
TLC mobile phases toluene/dioxan/acetic acid (95:25:4,
viviv) and toluene/methylethylketon/methanol (60:25:15,
viviv) were purchased from Merck through the local
distributor FOT Ltd. (Bulgaria). Apigenin, scutellarein-
6,7-dimethyl ether (cirsimaritin), luteolin, naringenin
and eriodictyol were purchased from Biosynth, Slovakia.
Apigenin 6,7,8-trimethyl ether (xanthomicrol) was
obtained from Sigma-Aldrich.

Acetone extraction of plant surface compounds
Dried, whole aerial parts (3 g) of S. kitaibelii were
briefly (2 - 3 min) rinsed with acetone at room
temperature to dissolve the lipophilic compounds
(exudate) accumulated on the plant surface. The acetone
solution was then dried using a rotary-evaporator.
Methanolic extract

100 mg powdered plant material was macerated with
1 mL of methanol, in 2 mL Eppendorf tubes. After
24 h of extraction at room temperature an aliquot of
500 puL was transferred into a glass vial and dried.
Alkaline hydrolysis of residue plant material

The plant material remaining after methanol extraction
was hydrolysed using 2 M sodium hydroxide for 4 h
at room temperature. 50 uL. of 3,5-dichloro-4-hydroxy-
benzoic acid (1 mg/mL) were used as internal standard.
After acidification to pH 1 - 2 with concentrated
hydrochloric acid, the phenolic compounds were
extracted with ethyl acetate, dried with anhydrous
sodium sulfate and then the ethyl acetate was allowed
to evaporate at room temperature.

Derivatization

100 pL of pyridine and 100 uL of N,O-bis-(trimethyl-
silyl) trifluoroacetamide were added to the dried
samples of the plant surface exudate, the methanolic
extract and the plant residue after alkaline hydrolysis,
and heated at 70°C for 2 h. After cooling, 300 mL of
chloroform were added and the samples were analysed
by GC/MS.

GC/MS analysis

GC/MS analysis of the plant surface exudate, methanolic
extract and the fraction obtained by alkaline hydrolysis
was recorded on a Thermo Scientific Focus GC coupled
with Thermo Scientific DSQ mass detector operating
in EI mode at 70 eV. A DB-5MS column (30 m x
0.25 mm x 0.25 pm) was used. The following program
sequence was used: 100 - 180°C at 15°C/min, 180 -
300°C at 5°C/min and 10 min hold at 300°C. The
injector temperature was set at 250°C. The carrier
gas was helium. The flow rate was 0.8 mL/min. The
split ratio was 1:10. 1 pL of the solution was injected.
The GC-MS spectra of the compounds in the extracts
were denoised by AMDIS 2.64 software (National
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Institute of Standardization and Technology (NIST),
Gaithersburg, MD) before comparing with the standards.
The components were identified based on their mass
spectra and retention indices (RI) versus standards in
the National Institute of Standards and Technology
(NIST) spectra library. The response ratios were
calculated for each metabolite relative to the internal
standard using the calculated areas for both components.
Thin layer chromatography (TLC)

Dry plant surface exudate of S. kitaibelii was dissolved
in 200 mL methanol and 50 pL of the solution was
applied on TLC plates. Flavonoid aglycones solutions
were used as reference compounds on the same TLC
plates. Two TLC sorbents and mobile phases were
used to identify the flavonoid aglycones — A: stationary
phase silica gel plates Kieselgel 60 F254 (10 x 20 cm,
0.2 mm layer) and mobile phase toluene/dioxan/acetic
acid (95:25:4, viviv); B: stationary phase DCAIlufolien-
Polyamid 11 F254 (10 x 20 cm, 0.15 mm layer) plates
and mobile phase toluene/methylethylketon/methanol
(60:25:15, v/viv). The migration distance was 90 mm.
The chromatograms were viewed in UV light at 336
nm before and after spraying with 1% solution of
Naturstoffreagenz A (2-Aminoethyl diphenylborinate)
in methanol.

Results and Discussion

The phytochemical composition of surface exudate
and methanolic extract of Satureja kitaibelii obtained
through GC/MS are presented in Table I. Oleanolic
and ursolic triterpene acids, carvacrol and free fatty
acids like caprylic and palmitic acids were the main
metabolites of the plant surface exudate. Oleanolic
and ursolic acids are relatively non-toxic triterpenoids
and have many beneficial effects, notably hepato-
protective, anti-inflammatory, antitumour and anti-
hyperlipidemic [9-10]. Previous studies showed that
carvacrol was present only as a minor component in
the essential oil of just one of 16 chemotypes of S.
kitaibelii originated from Serbia [11]. As far as we
know the first study of the essential oil composition of
S. kitaibelii from Bulgaria was conducted with plant
material, originated from West Bulgaria [12]. The
main components of the essential oil were limonene,
p-cymene and germacrene. Recent comparative study
on some Bulgarian and Serbian species of S. kitaibelii
showed carvacrol as one of the predominant essential
oil compounds which is characteristic for Western
Balkan Mountain species [13]. Since the subject of
our research was the analysis of S. kitaibelii extract
phytochemical composition, further studies of its
essential oil should reveal if the high content of
carvacrol is one of the unique characteristics of this
population from our geographical area. Caprylic acid,
which was also among the main metabolites of the
plant surface exudate, is reported in the literature as an
effective antimicrobial agent with potent application
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in the food industry [14-15]. In the perspective of
potential palmitic acid use, recent findings showed
that its physiological concentrations could be beneficial
for the prevention of oxidative stress in vascular
endothelium [16]. The amount of this essential fatty
acid in the samples of S. kitaibelii could be due to an
adaptive response of the plants to adverse environmental
conditions. In support of this are some findings which

state that under cold, drought or salinity stress, plant
membrane lipids accumulate higher amounts of
palmitic acid while some other membrane lipid
components increase their polarity [17]. Indeed, the
geographical area from where the plant material was
harvested is very dry most of the year, with cold
winters, so the high amount of palmitic acid may be
due to plants’ adaptation to cold and drought stress.

Table |

Phytochemical composition of plant surface exudate and methanol extract of Satureja kitaibelii by GC/MS

Original data for S. kitaibelii extract composition from the present study | Previous | Previous data |Previous data
Compounds RI | Plant surface exudate | Methanol extract | datafor S. | for S. montana | for other

% area % area kitaibelii Satureja sp.

Terpenes

Borneol 1224 1.3 [13, 18, 19]

Carvacrol 1339 4.4 1.1 [11] [20-23] [23]

Caryophyllene oxide 1583 0.9 [11] [22]

Phenolic compounds

4-hydroxybenzoic acid | 1625 0.7 0.2 [24] [25]

Vanillic acid 1776 0.2 [6] [21, 23, 24, 26]

Quinic acid 1843 1.9 [27] [25]

Caffeic acid 2141 0.4 [6, 28] [21, 23,24, 26] | [25, 29, 30]

Rosmarinic acid 3642 1.1 [28] [23-24] [25, 29, 30]

Fatty acids

Caprylic acid 1557 3.2

Palmitic acid 1929 3.4 1.4 [23]

Carbohydrates

Fructose 1803 10.8 154

Glucose 1889 6.3 10.5

Sucrose 2628 13.5 22.2

Triterpenes

Oleanolic acid 3739 7.6 0.3 [31]

Ursolic acid 3786 11.2 0.5

Sterols

3-Sitosterol 3389 0.3 [23]

% area — The values were calculated for each metabolite relative to the internal standard using the calculated areas for both components;

RI - retention indices

Figure 1.

Flavonoid aglycones in the plant surface exudate
of Satureja kitaibelii by TLC: Apigenin (1);
Scutellarein-6,7-dimethy! ether (cirsimaritin) (2);
Apigenin 6,7,8-trimethyl ether (3) (xanthomicrol);
Luteolin (4); Naringenin (5); Eriodictyol (6)
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Six aglycones of external flavonoids were confirmed
in the plant surface exudate of S. kitaibelii by TLC
analysis (Figure 1). Apigenin, scutellarein-6,7-dimethyl
ether (cirsimaritin), luteolin and eriodictyol are known
for this species from previous research [27, 28, 32].
As far as we know this is the first report of apigenin
6,7,8-trimethyl ether (xanthomicrol) and naringenin
for S. kitaibelii, although they are reported for other
Satureja species [33-35]. External flavonoids are most
common in plant species from Lamiaceae inhabiting
arid and semi-arid territories as they provide protection
against UV-B radiation [36].

The main metabolites of the methanolic extract were
free phenolic acids as quinic and rosmarinic acids, and
the already identified in the plant surface exudate
carvacrol and palmitic acid. Both phenolic acids were
previously reported for S. kitaibelii [27-28]. Quinic and
rosmarinic acids are known for remarkable biological
activities such as antiviral, antimicrobial, antioxidant,
antidiabetic, anticancer, anti-aging, protective, anti-
inflammatory, etc. [37-38]. Table 11 shows the insoluble-
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bound phenolic acid composition obtained after alkaline
hydrolysis [39]. The most abundant are caffeic acid
and 4-hydroxycinnamic acid (p-coumaric acid), followed
by ferulic, syringic, 4-hydroxybenzoic and 3,5-dihydroxy-
benzoic acids. The highest amount of caffeic acid, a
representative of the class of hydroxycinnamic acids,
is in contrast with the prevalence of chlorogenic
acid and its derivatives in the Serbian species [27].
According to the scientific data, the extracts of S.
kitaibelii have shown high antioxidant, antimicrobial
and cytotoxic activity and a certain hypoglycaemic

potential [6, 27, 28, 32, 40], which can be largely
attributed to the complex of phenolic acids [41].

In summary, as a result of the present research we
identified some phytomolecules that were not previously
reported for the extracts of S. kitaibelii such as
carvacrol, apigenin 6,7,8-trimethyl ether (xanthomicrol),
naringenin, 4-hydroxybenzoic acid, 3,5-dihydroxy-
benzoic acid, hydroxycinnamic acid, 4-hydroxycinnamic
acid, oleanolic acid, ursolic acid, caprylic acid, palmitic
acid and B-sitosterol (Table I and Table II).

Table 11

Alkaline hydrolysable phenolic acids from the methanolic extract of Satureja kitaibelii

Alkaline hydrolysable phenolic | RI % area | Previous data for S. | Previous data for |Previous data for other
acids kitaibelii S. montana Satureja sp.

4-hydroxybenzoic acid 1637 | 6.7+2 [24] [25]

Vanillic acid 1776 | 0.8 +0.4 [21, 23, 24, 26]

cis-Hydroxycinnamic acid 1783 | 1.3+0.3

Protocatechuic acid 1811 | 1.4+04 [6, 27] [21, 23, 26] [25, 29]

cis-Ferulic acid 1863 |0.1+0.06 [21, 24, 26] [29, 30]

Syringic acid 1888 | 7.4+1.1 [21, 24, 26]

trans 4-hydroxycinnamic acid 1934 | 23.1+5

trans 3,5-dihydroxybenzoic acid | 2008 | 6.7 +0.5

trans-Ferulic acid 2063 | 95+2 [21, 24, 26] [29-30]

trans-Caffeic acid 2142 | 944 +5 [6, 27] [21, 24, 26] [25, 29]

% area — The values were calculated for each metabolite relative to the internal standard using the calculated areas for both components (n = 2);

RI - retention indices

Conclusions

We hereby report our results regarding the Satureja
kitaibelii extracts of Bulgarian origin. Our research
showed that the plant surface exudate and the
methanolic extract of the species possess high contents
of biologically active compounds belonging to the
groups of phenolic acids, flavonoid aglycones (methyl
derivatives of flavones), triterpene acids, terpenoids
and fatty acids. Some of these compounds are reported
here for the first time in the case of S. kitaibelii
extract. The studied specie of S. kitaibelii has several
unique traits in its phytochemical profile compared
to the Serbian ones. Research in this area needs to
be further investigated.
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