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In order to increase the diversity of medicinal plants and biologically active
compounds accumulated in them, considerable attention is given to intro-
duction of Artemisia L. genus plants in Lithuania. The aim of our study
was to determinate the qualitative and quantitative composition of essen-
tial oils of Artemisia pontica L. introduced in Lithuania. The object of
investigation — Artemisiae pontici herba were prepared in the Scientific
Sector of Medicinal and Aromatic Plants, Scientific Department of Bo-
tanical Garden at Vytautas Magnus University in 2018-2019. Essential oils
were separated by hydrodistillation method, their composition was anal-
ysed by gas chromatography/mass spectrometry methods in the Faculty
of Pharmacy at Lithuanian University of Health Sciences in 2018-2020.
The obtained results showed that a statistically significant (p > 0.05) high-
er amount and diversity of compounds from Artemisiae pontici herba
essential oils were assessed in 2018 when HTC = 1.32. A strong correla-
tion (r = 0.740) was assessed between the average of active temperatures
and precipitation in 2019. The content of compounds was by 33.3% lower
when HTC = 0.91. The other major compounds were 1,8-cineole (46.86%),
1,4-cineole (37.92%) and camphor (29.41-33.02%).
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INTRODUCTION

temisinin for the treatment of malaria [H, , @].
Other species of Artemisia L. genus have ecologi-

Over the past few years, the medicinal plants and
biologically active compounds of Artemisia L. ge-
nus are given a wide recognition and considerable
attention [ﬁ, E, ]. In 2015, Chinese scientist Tu
Youyou was awarded the Nobel Prize for research
of biologically active compounds of Artemisia
annua L. and their effects on human body [E].
The World Health Organization recommends ar-
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cal plasticity and are promising in the treatment
caused by diseases of various oxidative stress le-
sions [EI, , , E].

The object of investigation was Artemisia pon-
tica L. (Roman wormwood), a herbaceous, me-
dicinal, aromatic plant of the Asteraceae (Bercht. &
J. Presl) family. The plant is perennial, 30-60 cm in
height, flowering by August-September, distribut-
ed in Central and South Europe, European part of
Russia, western Siberia, the Caucuses and Middle
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Asia [E, @]. However, it is now cultivated world-
wide due to its various medicinal uses. A. pontica is
widely used in folk medicine and alcohol industry
for the production of vermouth [H, ].

In the literature, there are only a few papers
dealing with the essential oil composition and
properties of this species from different geographic
locations. Analysis of the chemical composition
of A. pontica oils extracted from plants grown in
France showed [-farnese, iso-artemisia ketone,
a-thujone and 1,8-cineole as the main compo-
nents [E]. In the study of Vincenzi et al., the main
compound found in the oils of A. pontica was euca-
lyptol [@]. However, there is no available data for
a complex evaluation of the antimicrobial and an-
tioxidant activities of essential oil from A. pontica.

The aim of our study was to determine the qual-
itative and quantitative composition of the essen-
tial oils obtained from Artemisiae pontici herba,
depending on meteorological factors. Consider-
ing that there are scare reports in the literature of
research carried out with A. pontica, this article
aimed to establish for the first time the chemical
composition of its essential oils in Lithuania.

EXPERIMENTAL

Plant material

Artemisia pontica L. was introduced in the Middle
of Lithuania, ex situ in the Collection of Medici-
nal Plants of the Scientific Sector of Medicinal and
Aromatic Plants, Scientific Department of Botani-
cal Garden at Vytautas Magnus University (VMU)
since 1973, Collection No. LT-KAUN-1973-00070,
coordinates on the map 54.871219, 23.916526. Ar-
temisiae pontici herba samples were collected at
the full flowering vegetation stage in 2018-2019.
Phytochemical analysis was performed at the Fac-
ulty of Pharmacy at Lithuanian University of Health
Science in 2019-2020.

Meteorological factors

Hydrometeorological data were used from the bul-
letins of the Lithuanian Hydrometeorological Ser-
vice. Hydrothermal coefficient (HTC) was calcu-
lated according to the formula HTC = H/0.1 £ T,
where H is the precipitation mm and X T is the sum
of average active temperatures t°C [E]. The phe-
nological observations were performed during
the vegetation period twice a week.

Extraction of essential oils

The preparation of essential oils was done us-
ing a modified standard procedure according to
the European Pharmacopoeia []. The raw mate-
rial (leaves, stems, flowers) of A. pontica was dried
at 25°C temperature in a ventilated lodge avoiding
direct solar radiaton for 8 weeks. The dried mate-
rial was stored in a dark room at ambient tempera-
ture and used for further analysis. The essential oils
were obtained by hydrodistillation using a closed
type Clevenger apparatus. In brief, 15 g of the dried
material was mixed with 500 mL distilled water and
submitted to extraction for 3 h until no more essen-
tial oils were obtained. The light blue coloured oil
with a pleasant aroma was stored in a refrigerator at
+4°C until further use.

Gas chromatography-mass spectrometry (GC-
MS) analysis

The analysis of essential oils was performed using
gas chromatography with a mass spectrometer de-
tector (GC-MS-QP2010, Shimadzu, Tokyo, Japan)
equipped with a Shimadzu autoinjector AOC-5000
(Shimadzu, Tokyo, Japan). Separation of com-
pounds was performed on a RXI-5MS column
(30 m x 0.25 mm id. x 0.25 pm film thickness)
(Restec, Bellefonte, USA). The operational condi-
tions were as follows: temperature program from
50°C (5 min) to 200°C at 2°C/min and to 315°C
(15 min) at 15°C/min. The GC-MS-QP2010 was
equipped with a split/splitless injector (260°C).
Split ratio: 1:60. Inlet pressure: 70.2 kPa. Carrier
gas: helium (purity >99%), delivered at constant
linear velocity 40 cm/s. Interface temperature:
280°C. MS ionization mode: electron ionization.
Detector voltage: 0.99 kV. Acquisition mass range:
29-500 u. Scan speed: 2500 amu/s. Acquisition
mode: full scan, scan interval 0.20 s.

Identification and quantification of volatiles
The percentage composition of essential oils was
computed from GC peak areas without correction
factors. Qualitative analysis was based on a com-
parison of retention times, indexes and mass spec-
tra with the corresponding data in the literature [ﬁ]
and NIST/FFSNC computer mass spectra libraries.
To verify the possible association between
the compounds of essential oils selected along with
meteorological factors (average of active tempera-
ture and precipitation) the Pearson’s correlation
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analysis was used. A value of p < 0.05 was taken as
the level of significance [@].

RESULTS AND DISCUSSION

The influence of meteorological factors for
accumulated essential oils

Different environmental conditions and meteoro-
logical factors during the plant vegetation period
help them to survive and accumulate biologically
active compounds []. The meteorological fac-
tors in the period of investigations are presented in
the .

The earliest beginning of vegetation and the op-
timal climatic conditions for Artemisia pontica L.
growth were at the time when HTC was 1.32-
1.35. The vegetation of this perennial plant starts
at the earliest on the 97th-102th days of the year
(April). The full flowering vegetation period starts
on the 237th-25th days (August-September) of
the year. The longest period (42 days) of full flow-
ering was determined in 2019 when the sum of av-
erage active temperatures was 3375.9°C. The earli-
est end of the vegetation period of A. pontica was
at the time when HTC = 1.7 (most humidity). Our
phenological observations and dynamic of HTC
confirms that Artemisia L. genus plants best toler-
ate dry air conditions [Iil, E].

The obtained results showed that the statisti-
cally significant highest amount and diversity
of compounds (p < 0.05) from Artemisiae pon-

tici herba essential oils were investigated in 2018
when HTC = 1.32. Through the Pearson’s linear
correlation analysis it was determined that the av-
erage of active temperatures was strongly corre-
lated (r = 0.740) with the amount of precipitation.
The content of compounds in 2019 was by 33.3%
lower when HTC = 0.91 (mild drought) (p <0.05).

In the previous study in Lithuania, the results
showed that meteorological factors differently in-
fluenced the accumulation of compounds in Thy-
mus sp. [@]. The differences found between our
results and those of other authors can be attributed
to the fact that essential oils are a heterogeneous
group of mixtures that are affected by meteorologi-
cal factors.

Our analyses showed that the oils isolated from
different years differed in composition. The essen-
tial oil yields (v/w, on dried mass basis) of Arte-
misiae pontici herba ranged from 0.3 to 0.8% in
2018-2019. The results of the analysis of essential
oils are presented in the Table and expressed in
arbitrary units of the peak area in a GC/MS chro-
matogram. The GC/MS peak area was selected for
quantitative purposes because the interpretation by
using a percentage composition would not be suit-
able due to a different number of compounds; any-
way, the range of the percentage composition of all
compounds at different vegetation periods is given.

The highest content and diversity of compounds
have been obtained from Artemisiae pontici herba
essential oils during the 2018 vegetation period. In
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Figure. Dynamics of meteorological factors (sum average active temperatures X t°C, amount of precipitation mm and hydro-
thermal coefficient HTC) during the vegetation period (May—October, 2016—2019) (coloured online)
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Table. Variation of the essential oil composition of Artemisiae pontici herba collected during the vegetation period in the Botanical Garden

at Vytautas Magnus University, 2018-2019

Compounds Rl Amount (%) G(/MS2018 year Amount (%) GC/MS2019 year
2-Pinene 910 - 0.07
(+)-Camphene 928 - 1.73
4(10)-Thujene 948 0.06 0.59
a-Pinene 954 0.41 -
B-Myrcene 956 0.06 -
a-Terpinene 1000 1.25 0.52
a-Phellandrene 1011 - 0.05
1,4-Cineole 1013 37.92 -
1,8-Cineole 1015 - 46.86
y-Terpinene 1063 1.25 1.34
B-Phellandrene 1041 2.14 -
cis-Sabinene hydrate 1049 0.19 -
Isoneral 1063 0.03 -
a-Terpinolene 1069 0.08 0.19
a-Thujone 1097 0.12 -
Camphor 1122 29.41 33.02
endo-Borneol 1127 8.21 -
2-Methyl-4,5-nonadiene 1132 0.05 0.30
Isogeraniol 1144 0.23 -
2-Bornanol 1146 - 5.56
Terpinen-4-ol 1151 0.19 3.46
4-Thujanol 1157 5.24 0.22
Terpineol 1159 0.24 0.33
2-Pinen-10-ol 1172 - 0.21
2-Methyl-3-phenylpropanal 1218 0.61 -
cis-Piperitol 1189 0.20 -
Isobornyl formate 1256 0.14 -
Sabinol 1267 - 0.10
trans-Sabinyl acetate 1275 0.11 -
a-Cubebene 1352 0.07 -
(-)-.B.-Caryophyllene 1387 0.45 0.79
Aromandendrene 1394 0.91 -
a-Humulene 1426 0.34 0.08
trans-a-Bergamotene 1428 0.10 -
(E)-B-Famesene 1439 0.48 -
cis-..-Farnesene 1446 - 0.27
(-)- Germacrene D 1453 - 3.24
Isogermacrene D 1454 2.71 -
y-Amorphene 1458 0.03 -
(-+-.)-Lepidozene 1460 - 0.12
Bicyclogermacrene 1470 0.15 -
Sabinol isovalerate 1493 0.08 -
Valeric acid 1537 0.10 -
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Table. (Continued)

Compounds | RI | Amount (%) G(/MS2018 year Amount (%) G(/MS2019 year
Caryophyllene oxide 1554 - 0.35
Total 81.41-92.86 84.67-99.37
Monoterpene hydrocarbons 6.61-7.80 4.02-4.14
Oxygenated monoterpenes 74.19-75.73 78.21-81.04
Sesquiterpene hydrocarbons 4.24-5.35 5.45-6.70
Oxygenated sesquiterpenes 5.86-6.02 7.80-9.90

the case study of A. pontica, 33 compounds were
identified representing 64.7% of the oil. 1,4-cineole
(37.92%) present at a high percentage, camphor
(29.41%), endo-borneol (8.21%) and 4-thujanol
(5.24%) made up 80.78% of the oil. In 2018, all
identified compounds made up 81.41-92.86% and
in 2019 they made up 84.67-99.37% of the total
content.

During the 2019 vegetation period, 22 com-
pounds were identified representing 81.4% of
the oil. 1,8-cineole (46.86%) present at a high
percentage, camphor (33.02%) and 2-bornanol
(5.56%) made up 85.44% of the oil.

The main compounds found in the Artemisi-
ae pontici herba essential oils were 1,8-cineole
(46.86%), 1,4-cineole (37.92%), camphor (29.41-
33.02%), endo-borneol (8.21%) and 2-bornanol
(5.56%). As results show, camphor has been found
as one of the first principal compounds in the 2018-
2019 vegetation period of A. pontica (29.41-
33.02%) in Lithuania. Monoterpenoids comprised
a large part of A. pontica oils in the study. Oxygen-
ated monoterpenes (74.19-81.04%) formed more
than half of oil content.

According to the published data, high levels of
1,8-cineole (25.2%), a-thujone (23.2%) and cam-
phor (16.0%) were also determined in the essential
oils from A. pontica growing in Kazakhstan [E].
Some of our identified compounds in A. pontica
samples were also found by Derwick et al.; howev-
er, the quantitative distribution of the compounds
was a bit different. In the study of Derwick et al,,
the main compounds found in dried leaves were
a-thujone (22.13%), sabinyl acetate (3.89%) and
B-thujone (2.56%) []. The above-mentioned
studies display different oil chemotypes, which
correlate with different geographical locations,
the plant material and method used for isolating
the essential oils.

Our oils presented a similar chemical profile
with several plants from the Artemisia L. genus,
those obtained from populations growing in differ-
ent locations from Lithuania. However, if we com-
pare our results with those obtained studying other
natural populations, we may notice both qualitative
and quantitative differences [@, @]. These differ-
ences consist in a lower amount of 1,8-cineole and
camphor in the published data and in the absence
of 1,4-cineole; they may be related to different geo-
graphical origins of the samples.

CONCLUSIONS

The chemical composition of essential oils of Ar-
temisia pontica L., introduced in the Collection of
Medicinal Plants of the Scientific Sector of Medici-
nal and Aromatic Plants, Scientific Department of
Botanical Garden at Vytautas Magnus University,
was investigated in 2018-2020. The statistically
significant maximum of content and diversity of
compounds were determined when HTC = 1.32
(optimal climatic conditions). A strong correla-
tion (r = 0.740) was assessed between the aver-
age of active temperatures and precipitation in
2019. The content of compounds was by 33.3%
lower when HTC = 0.91 (mild drought). The data
obtained in this study showed that the essential
oils composition of Artemisiae pontici herba was
characterized by a high percentage of 1,8-cin-
eole (46,86%), 1,4-cineole (37.92%) and camphor
(29.41-33.02%).
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METEOROLOGINIU VEIKSNIU ITAKA
PONTINIO KIECIO (ARTEMISIA PONTICA L.)
FITOCHEMINEI SUDECIAI

Santrauka

Pleciant vaistiniy augaly ir juose susikaupusiy biologiskai
veikliyjy junginiy jvairove, démesys atkreiptas j kiecio
(Artemisia L.) genties augaly introdukcijg Lietuvoje. Ty-
rimo tikslas — nustatyti introdukuoto ir Lietuvos klimato
salygomis auginamo pontinio kiec¢io (Artemisia ponti-
ca L.) eteriniy aliejy kiekybe ir kokybe. Tyrimo objek-
tas — vaistiné augaliné Zaliava Artemisiae pontici herba,
2018-2019 m. tyrimams paruosta Vytauto DidZiojo uni-
versiteto Botanikos sodo Mokslo skyriuje, Vaistiniy ir
prieskoniniy augaly mokslo sektoriuje. Eteriniai aliejai
isskirti hidrodistiliacijos metodu, jy sudétis i$analizuota
dujy chromatografijos / masiy spektrometrijos metodais
2018-2020 m. Lietuvos sveikatos moksly universiteto
Farmacijos fakultete. Atlikus tyrimus identikuoty jun-
giniy skaicius statistiskai reikémingai skyrési, priklauso-
mai nuo meteorologiniy salygy (p < 0,05). Maksimalus
junginiy kiekis nustatytas 2018 m., kai HTK = 1,32 (op-
timalios drégnumo salygos). Nustatyta stipri koreliacija
(r = 0,740) tarp vidutinés aktyvios oro temperatiros ir
krituliy kiekio. 2019 m. nustatytas junginiy skaicius 33 %
mazesnis, kai HTK = 0,91 (silpna sausra). Vyraujan-
tys lakieji junginiai: 1,8-cineolis (46,86 %), 1,4-cineolis
(37,92 %) ir kamparas (29,41-33,02 %).
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