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Abstract. This research work was aimed at a comprehensive assessment of the
chemical composition and biological activity of the ethanol extract of Artemisia terrae-
albae Krasch. The obtained extract was studied using IR and GC-MS analysis methods.
IR spectroscopic analysis of the extract confirmed the presence of terpenoid compounds
in it. Absorption bands characteristic of terpenoid compounds belonging to hydroxyl
(—=OH) groups, carbonyl (C=0) groups, and unsaturated C=C bonds were observed. As
a result of the analysis by GC-MS method, a total of 46 components were identified in
the studied extract. From the identified components, 17 compounds were classified as
terpenoids, the total amount of which was 36.96% of the total chemical composition
of the extract. In the structure of the terpenoid fraction, 8 compounds were identified
as monoterpenes (17.39% of the total composition), and another 8§ compounds were
identified as sesquiterpenes (17.39%). One triterpenoid - ursolic acid - was identified
in the amount of 2.17%. In addition, an analysis of the distribution of compounds in
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the group of terpenoids was carried out. It was established that monoterpenes make up
47%, sesquiterpenes - 47%, and triterpenes - 6% in the terpenoid fraction.

The extract showed moderate activity against gram-positive bacteria (Staphylococcus
aureus, Bacillus subtilis), and the effect on gram-negative bacteria was weak. A weak
fungistatic effect was recorded against the Candida albicans strain. The toxicity level
was determined using the Artemia salina bioassay, and the LD, value was 90.6 pg/ml,
indicating a relatively low toxicity of the extract.

Theresults obtained indicate that the studied sample isrich in terpene components and
can serve as a basis for further studies of their biological activity and pharmacological
potential. The relatively high content of terpenes proves the importance of the studied
raw material as a source of natural biologically active substances.

Keywords: Artemisia terrae-albae, terpenoid compounds, GC-MC, IR-
spectroscopy, antimicrobial activity, cytotoxicity
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AnHoTamusi. byn 3eprrey kymbichl Artemisia terrae-albae Krasch. eciMairiHig
STAHOJI/IbI ChIFBIH/IBICBIHBIH XUMUSUIBIK KYPaMbIH JKOHE OMOJIOTHSUIBIK OCJICEHIUTIrIH
KelleH 11 Oaranayra OarbITTal bl AJibiHFaH ChIFbIHBI K-criekTpockomnus sxone ['X—

214



ACADEMIC JOURNAL OF PHYSICAL AND CHEMICAL SCIENCES

MC ranmay Tocuiaepi apkbuibl 3eptreimi. ChIFbIHABIHBIH MK-CIeKTpoCKOMHSITBIK
Tajaaybl OHBIH KYpPaMBIHJA TEPIIEHOWITHI KOCBUIBICTAP/IBIH 0ap €KEHJITiH pacTajbl.
TepneHOMATH KOCBUTBICTapFa TOoH TuApokcws (—OH) TomrapeiHa, kapOOHWMIT
(C=0) ToObiHa, kaupiknaran C=C OallaHBICTapbIHA THECUTI KYTBUTY >KOJIAKTap
Oarikanapl. [ X-MC Ttanmaybl HOTHXKECIHJE 3€PTTEITEH CHIFBIHIBIHBIH KYpPaMbIHJA
Oapibirbl 46 KOMIIOHEHT aHBIKTANAbl. AHBIKTAIFaH KOMIIOHEHTTEep/iH imriHae 17
KOCBUIBIC TEPIICHOUATAP PETIHIC KIKTEI i, OJAPABIH JKaJITbl MOJIIIEePi CHIFBIHIBIHBIH
Kallbl XUMUSUTBIK KYpaMbIHBIH 36,96%-b1H Kypansl. TeprieHoun (pakiHsIChIHBIH
KYpBUIBIMBIH/IA 8 KOCBLIBIC MOHOTepreHaep (Kanmbsl KypamMHbIH 17,39%-b1), Tarbl
8 kocbutbic ceckButepnenaep (17,39%) peringe anpikTanabl. bip TputepneHoua -
YPCOJI KBIIKBLTHL - 2,17% memnmepinae anbikranapl. COHBIMEH KaTap, TepIEeHOUITap
TOOBIHIAFBI KOCBUIBICTAPABIH TapalyblHA Taumay  OKypri3iami. TepmeHomnarap
(dpaxusceiHga MOHOTEpIieHIep 47%, ceckBuTeprieHaep 47% >KoHE TpUTEPICHIEP
6% KypalTbhIHbI aHBIKTAJIbI.

CeIFBIHABI TpaMOH OakTepusiiapFa KaThICTBl oOpTama JeHredge OelCeHmTiK
kepcetTi (Staphylococcus aureus, Bacillus subtilis), an rpamTepic OakTepmsutapra
acepi aici3 6omnubl. Candida albicans mTaMpiHa Kapchl 9JICI3 (PYHTUCTATUKAJIBIK dCep
TipKesi. YBITTbUIBIK JICHI el Artemia salina 6MOTECTi apKbLIbl aHbIKTaNIbIL, LD, MoHi
90,6 MKT/MII Kypassl, OYJI CHIFBIHIBIHBIH CANBICTBIPMAIBI TYPAE TOMEH YBITTHUIBIFBIH
KepceTei.

AJBIHFaH HOTHXKEIIEp 3epTTENreH YATiHIH TEepIeHIiK KOMIIOHEHTTepre 0ail eKeHiH
KepceTe/li )KoHE OJIap IbIH OMOJIOTHSUITBIK OIICEHIUTIT MeH (hapMaKOJIOTUSIIBIK SJIeYeTiH
opi Kapaii 3epTTeyre Heri3 Ooa amansl. TepreHaepaiH CaTBICTRIPMAITBI JKOFaphl YIIeci
3epTTEJIETIH HIMKI3aTThIH TAOMFU OMOJIOTHSUIBIK OCJICeHJ1 3aTTap Ke3i peTiHjaeri
MaHBbI3bUIBIFBIH JAQJICIICH .

Tyiiin ce3nep: Artemisia terrae-albae, TeprieHouaTH Kocbuibictap, I' X-MC, UK-
CHEKTPOCKOMHS, aHTHMHKPOOTHIK OCIICEHITIK, IIUTOYBITTHUIBIK
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AnHoTanusi. Hacrosimast pa0oTta TOCBsilieHAa KOMIUIEKCHOMY —HCCIIEIOBAaHHIO
XMMHYECKOTO COCTaBa ¥ OWOJOrMYECKOW AaKTUBHOCTH 3TaHOJBHOTO JKCTPaKTa
Artemisia terrae-albae Krasch. IlomydeHHBIH 3KCTpPaKT HCCIENOBAIM C TOMOIIBIO
UK-cnexrpockornuu u ['X-MC ananuza. MK-criekTpockonnueckuii aHaJIn3 SKCTpaKTa
MOATBEPIMSI HAJIMYKAE B HEM TEPICHOMJHBIX coeluHeHui. Habmromanuch moiocs
MOIVIONICHUSI, XapaKTepHbIe JUIsl TEPICHOWAHBIX COCAMHEHHH, NpUHAICKAIIIEC
ruapokcibHbIM (—OH) rpymmam, kapoorunsHbeIM (C=0) rpynmnaM 1 HEHACHIIIEHHBIM
cea3aM C=C. B pesynmprare anammuza merogoM ['X-MC B cocraBe HccienyemMoro
IKCTpaKkTa ObLIO HMIACHTU(QHUIMPOBAHO B oOmIel ciokHOCTH 46 KOMIOHEHTOB. U3
HWACHTU(QHUIUPOBAHHBIX KOMIIOHEHTOB 17 coeinHeHHH ObUIM KJIacCH(PUIUPOBAHBI
KaK TEPICHOMJIbI, O0O0Ilee KOJUYECTBO KOTOPhIX cocTtaBmwio 36,96% or obiiero
XHMHUYECKOTO COCTaBa AKCTPaKTa. B cTpyKType TepreHOnaHOM Qpakiyn 8§ COeTMHEHHH
ObutH uaeHTU(UIUpPOBaHbl Kak MoHoTeprnensl (17,39% or oOmiero cocrasa), ere
8 coemuuenuit - kak ceckBureprieHsl (17,39%). OauH TPUTEPIICHOU - ypPCOJIOBas
KHCII0Ta — ObLT uIeHTH(UIMPOBaH B KonuuecTse 2,17%. Kpome Toro, Obu1 ipoBeicH
aHallM3 paclpelielieHuss COCMHEHUIH B TPYIIE TEpHEeHOUIOB. BbUIO ycTaHOBJIEHO,
YTO MOHOTEpIEHB! cOCTaBIAOT 47%, ceckBuTepmneHsl - 47%, a TpurepneHsl - 6% B
TEPIICHOMTHON (paKIHH.

DOKCTpakT TMoKa3aJl yMEPEHHYI0 aKTHBHOCTb MPOTHUB TPaMIIOIOKHUTEIbHBIX
Oaxrepuii (Staphylococcus aureus, Bacillus subtilis), a 3ppekT Ha rpaMOTpHUIIATEIbHbIC
Oakrepun Obu1 cnmabbiM. Cnalblii QyHrucrarnyeckuii dpQPext ObLT 3apHUKCHPOBAH
npotuB mramma Candida albicans. YpoBeHb TOKCHUHOCTU ONPEACISIIM C ITOMOIIBIO
ouorecra Ha Artemia salina, n 3ua4enue LD, cocraBuio 90,6 MKI/MII, 4TO yKa3bIBaeT
Ha OTHOCHUTEJBHO HU3KYI0 TOKCHYHOCTh SKCTPAKTA.

[Tonmy4eHHble pe3ynbTaThl CBUACTEILCTBYIOT O TOM, YTO HCCIEIyeMbId oOpaselr
0orar TepreHOBHLIMH KOMIIOHECHTAMH W MOXET CIY)KHTh OCHOBOHW JJIsl ANbHEHIINX
HCCIIEIOBAHUI €ro OMOIOTHYECKOH aKTHBHOCTH M (hapMaKOJIOTHYECKOTO TIOTCHIHANIA.
OTHOCHTEIBHO BBICOKOE COJIepKaHUE TEPIICHOB ITOJITBEPIKIACT BaXKHOCTH HCCIIEAYEMOTO
CBIPbS KaK MICTOYHUKA MPUPOAHBIX OMOIOTHYECKH aKTHBHBIX BEIIECTB.

KuaroueBble cinoBa: Artemisia terrae-albae, TepneHonabie coenunenus, [’ X-MC,
UK- criekrpockomnusi, aHTUMUKPOOHAs! aKTHBHOCTb, ATOTOKCHYHOCTh

Introduction. One of the most widespread medicinal plants in Kazakhstan is the

genus Artemisia L. a species-rich and taxonomically complex genus of dicotyledonous
plants belonging to the family Asteraceae L. Plants of the genus Artemisia are widely
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used in various traditional and folk medicine systems and are well known for their
medicinal properties in the treatment of fever, malaria, inflammation, ulcers, diabetes,
and intestinal parasites. This genus includes more than 500 perennial, biennial, and
annual herbaceous plants and small shrubs growing in temperate regions of Europe,
Asia, and North America (Nigam et al., 2019). 81 species of this genus grow in
Kazakhstan, including 19 described as endemic.

In traditional folk medicine, Artemisia species have been used to reduce fever,
have antiseptic effects, fight intestinal worms, stimulate the body, induce urination,
and relieve abdominal pain (Ksibi et al., 2022). In traditional Central Asian medicine,
infusions of Artemisia flowers are used to treat various diseases such as ulcerative
colitis, appendicitis, hemorrhoids, bad breath, epilepsy, and many others (Koul et
al., 2018). The Artemisia genus is characterized by a variety of biologically active
substances. Studies have shown that the plant species belonging to the Artemisia genus
contain various biologically active substances, such as lignans, sesquiterpenoids,
flavonoids, coumarins, glycosides, acids, and sterols (Jalmakhanbetova et al., 2007,
2021; Trifan et al., 2022). One of the main compounds characteristic of wormwood
plants is terpenes, including sesquiterpene lactones, which have a diverse chemical
structure and a broad spectrum of pharmacological activities. These compounds have
been shown to have anticancer, antimalarial, and anti-inflammatory properties, as well
as to accelerate wound healing, and to have antibacterial, antifungal, and antiviral
activities (Ivanescu et al., 2015; Wang et al., 2023).

Plants belonging to the genus Artemisia are of great economic and medical
importance. This is because the terpenoid compound, terpenoid sesquiterpene lactone
artemisinin, isolated from Artemisia annua L., is recognized as the main active
ingredient against malaria. This discovery has increased the interest of scientists around
the world in finding new biologically active drugs through the study of traditional
medicinal plants (Zaman et al., 2021). In traditional Russian medicine, tinctures from
the roots and leaves of the Artemisia plant are widely used to treat liver, stomach, and
spleen diseases. A solution of fresh wormwood juice mixed with diluted ethanol is used
for insomnia and kidney stones, as well as as an anti-inflammatory agent (European
Scientific Cooperative on Phytotherapy 2003; Abad et al., 2012). In Kazakhstan,
tinctures prepared from the aerial parts of this plant have been used in folk medicine to
treat stomach ulcers, appendicitis, hemorrhoids, bad breath, and epilepsy. Wormwood
is used in the food industry as a spice to give a special taste to fatty foods. It is also used
to add flavor to some alcoholic beverages and wines (Krebs et al., 2010). The aerial
parts of the plant are also a valuable source of raw materials in the paint industry (Wu
et al, 2020).

A. terrae-albae Krasch. is a poorly studied plant, but is of great interest due to its
use in folk medicine. A. ferrae-albae is a semi-shrub plant that grows in the semi-desert
and steppe regions of Kazakhstan. In folk medicine of Central Asia and Eastern Europe,
A. terrae-albae is widely used in the treatment of skin diseases such as dermatitis,
eczema, psoriasis, as well as for inflammation, wounds and burns (Turuspekov et al,
2018; Sagyndykova et al., 2024).
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The essential oil of A. terrae-albae, aplant distributed in Central Asia, is characterized
mainly by oxygenated monoterpenes (Sampietro et al, 2016). The dominant component
in its composition is camphor (47.3%). In addition, 1,8-cineole (23.9%), camphene
(9.8%) and B-thujone (6.0%) were detected. a-Pinene is also present, but its amount
is not specified. The chemical composition of the essential oil is characterized by the
predominant content of camphor and 1,8-cineole, which determines its biologically
active properties.

A number of studies have investigated the chemical composition, biological activity
and ecological significance of the plant A. ferrae-albae. Dyusebaeva and colleagues
(Dyusebaeva et al., 2024) determined the macro- and microelement composition,
amino acids and fatty acids of the aboveground part of the plant and showed that
it is dominated by calcium, magnesium, sodium elements, as well as oleic, linoleic
and palmitic acids. These data prove that the plant has nutritional and physiological
activity.

In recent years, extracts of the A. terrae-albae plant have been used as biogenic
reducing agents in the field of nanotechnology. In the conducted studies, silver
nanoparticles were obtained by the green synthesis method using the ethanol extract
of the plant and their cytogenic toxicity was evaluated. As a result, it was found that
the obtained nanoparticles have a pronounced antiproliferative effect, inhibiting cell
division (Zhumanova et al., 2023).

In a similar study (Dyusebaeva et al., 2025), the antimicrobial activity of silver
nanoparticles stabilized with a lipophilic extract of the plant 4. ferrae-albae was
evaluated. The resulting nanoparticles showed activity against microorganisms such as
S. aureus, E. coli, P. aeruginosa, and C. albicans.

The aim of this research work is to identify terpene compounds in the ethanol extract
of A. terrae-albae, which grows in the Khantagy Ridge area of Turkestan region, and
to characterize their structural features. Determining the chemical composition of
terpene compounds of A. terrae-albae and studying their relationship with biological
activity is an important scientific task for the modern field of phytochemistry and
pharmacognosy.

Materials and methods. Plant material. The above-ground part of Artemisia terrae-
albae Krasch. was collected in July 2024 from the Khantagy Ridge area of Turkestan
region. The collected plant material was air-dried in the shade. The dried plant was
crushed and stored. Only the above-ground part of the plant was used for research.

Extraction of raw. An ethanol solvent was used to obtain an extract of the crushed
and pre-dried aerial part of A. terrae-albae. 20 g of dry raw material was extracted twice
with ethyl alcohol (ratio 1:10, w/v). Each extraction was carried out with boiling for 2
hours. The resulting extracts were combined and evaporated in a rotary evaporator. As
a result, a dark green extract was obtained. Yield — 4.015 g (20 % relative to air-dried
raw material).

GC Conditions. Gas chromatography—mass spectrometry was used to determine
the composition of the ethanol extract of A. terrae-albae. The analysis was carried out
on an Agilent 7890A gas chromatograph system and a 5975C Mass Selective Detector
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(Agilent Technologies, USA). The analysis was carried out under the following
conditions: column type — Rtx-100DHA, column length — 30 m; column diameter —
0.25 mm; adsorbent layer thickness in the column — 0.5 pm; evaporator temperature
— 280 °C; column temperature — 60-300 °C; column heating rate — 8 °C/min; ion
source temperature — 230 °C; quadrupole condenser temperature — 150 °C; EI' =70 eV;
carrier gas — helium grade A; gas pressure in the column — 2 psi; sample volume — 0.2
ul; injection mode — flow splitting (split 20:1); mass spectrum recording mode — scan;
library — NIST 08; analysis time — 32 minutes.

The percentage of component composition was automatically calculated using the
GS-MSD Data Analysis program based on the peak areas of the total ion chromatogram,
and identification was performed using the NIST 08 library based on mass spectra and
retention times.

IR spectroscopy. Infrared spectroscopic analysis was performed to conduct a
primary screening of terpene compounds in the ethanol extract of A. terrae-albae. The
infrared spectrum was recorded on an IRTracer - 100 spectrometer..

IR spectrum (v, cm™): 3600-3200 (broadband), 3075, 3030, 2965, 2925, 2855,
1740, 1650, 1605, 1515, 1460, 1375, 1260, 1215, 1170, 1110, 1050, 1020, 970, 920,
875, 820, 760, 700, 650, 600, 520, 470, 430.

The antimicrobial activity. The antimicrobial activity of the ethanolic extract
of A. terrae-albae was determined by the serial dilution method. The following
microorganisms were used as reference test strains for the analysis: gram-positive
bacteria: S. aureus ATCC 6538, B. subtilis ATCC 6633; gram-negative bacteria: E.
coli ATCC 25922, P. aeruginosa ATCC 27853; yeast-like fungus: C. albicans ATCC
10231. All strains were obtained from the American Type Culture Collection (ATCC).
Daily cultures of microorganisms were grown on nutrient agar at 37 °C (for fungi — 30
°C, 48 h). The antimicrobial activity of the extracts was studied in the concentration
range of 1.56—50 pg/ml.

Each sample was incubated with 0.1 ml of microbial suspension (/0° CFU/ml). The
incubation process was carried out in a thermostat at 37 °C for 24—48 hours, depending
on the type of microorganism. The minimum inhibitory concentration (MIC) was
determined as the lowest concentration at which turbidity was observed. The study
was performed in triplicate. Ceftriaxone (antibacterial drug) and nystatin (antifungal
drug) were used as controls for comparison.

The cytotoxicity. The cytotoxic activity of ethanolic extract of A. terrae-albae was
evaluated in vitro by its effect on the larvae of the brine shrimp A. salina (Leach). The
study was carried out according to the method of B. N. Meyer et al. (Planta Medica,
1982). For the experiment, 4. salina eggs were placed in artificial seawater and incubated
for 48 hours at 37 °C. The 2-day-old larvae (nauplii) obtained in this way were used as
samples. A 2 mg sample of the extract under study was dissolved in 2 ml of ethanol and
subsequently diluted accordingly to obtain concentrations of 100, 10 and 1 pg/ml. Each
concentration was prepared in triplicate. Ten A. salina larvae were introduced into each
vial. After complete evaporation of the ethanol, 5 ml of artificial seawater was added
to each vial. All samples were incubated at room temperature in the light for 24 hours.
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After incubation, live and dead larvae were counted and the lethal dose (LD, , pg/ml)
was calculated based on the percentage of death. An equivolume solution of dimethyl
sulfoxide (DMSO) was used as a control sample, and dactinomycin (actinomycin D)
was used as a reference drug. The results were performed in triplicate and statistically
processed using the FIN program.

Results. In the IR spectrum of the dry extract of A. terrae-albae, a broad absorption
band corresponding to the stretching vibrations of hydroxyl groups (—-OH) was observed
in the region of 3400 cm-'. The peaks in the range of 2920-2850 cm-' indicate the
vibrations of the C—H bonds of aliphatic groups. The intense band in the region of
1730-1700 cm-' is characteristic of the C=0O bonds of carbonyl compounds (acids,
esters). Absorption bands in the range of 1620-1600 cm-' correspond to C=C bonds.
In the range of 1250-1050 cm-', C—O vibrations characteristic of alcohols, ethers,
and esters were observed. These spectral data prove the presence of functional groups
characteristic of terpenoid compounds in the extract.

GC-MS analysis revealed a multicomponent chemical composition of the ethanol
extract of 4. terrae-albae. Several distinct peaks were observed in the chromatogram,
the highest intensity of which was observed at a retention time of 26.411 min,
indicating that this compound was present in the majority. Peaks at early retention times
correspond to monoterpenes, while peaks at 15-30 min correspond to sesquiterpenes
and triterpenoids. A high concentration of terpene compounds was observed between
25-28 min (Figure 1).
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Figure 1. GC/MS chromatogram of A. terrae-albae extract collected in the Turkistan region of
Kazakhstan.
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A total of 46 different organic compounds were identified as a result of gas
chromatography—mass spectrometry analysis of the ethanol extract of A. terrae-albae
(Figure 1). Analysis of the component composition revealed the presence of 17 terpenoid
compounds with monoterpene, sesquiterpene and triterpene structures (Table 1).

Table 1. Terpenoids compounds of 4. terrae-albae extract.

-Bicyclic ether,
Contains an internal

pentenyl)

Monoterpenes
Compound Structural features Compound Structural
features
1 2 3 4
Eucalyptol Monoterpene 2-Cyclohexene-1-methanol, Monoterpene
(1,8-cineole) oxide 2,6-dimethyl-6-(4-methyl-3- oxide

-Composed of two
isoprene units

1-o0l, 3,7-dimethyl-)

!

OH

alcohol, Contains two
double bonds, One
hydroxyl group, Built
from two isoprene
units

So¥

oxygen bridge (ether o Monocyclic
linkage), - hydrocarbon
Fully saturated carbon structure
skeleton. Contains two vinyl
o (ethenyl) groups
(C=0)
Camphor-type Monoterpene ketone 2-Cyclohexene-1-methanol Monoterpene
bicyclic monoterpene [ -Bicyclic bornane oxide
skeleton, OH -Monocyclic
Contains a ketone Structure,
group, Rigid, One double bond,
@) saturated structure. One hydroxyl
group.
Borneol Monoterpene alcohol 4-(2,2-Dimethyl-6- Monoterpene
(Bicyclo[2.2.1] -Bicyclic bornane methylenecyclohexylidene)-3- oxide
heptan-2-ol, skeleton, Saturated methylbutan-2-one -Built from two
1,7,7-trimethyl-) carbon framework. 0o isoprene units
Monocyclic
= structure
Contains a ketone
N group
Linalool / Geraniol | Monoterpene alcohol Cyclohexane, 1,5-diethenyl-2,3- Monoterpene
family (2,6-Octadien- | -Acyclic monoterpene dimethyl alcohol

-Derived from
three isoprene
units
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Urs-20-en-3-ol (ursane-type triterpenoid)

1 2 [ 3 [ 4
Sesquiterpenes
Cary(:})hyllene oxide Sesquiterpene oxide a-Santonin Sesquiterpene
= -Derived from three lactone
3 isoprene units -Bicyclic
Bicyclic structure structure
Contains an Contains a
epoxide ring lactone ring,
(three-membered Multiple double
cyclic ether) bonds
Neoisolongifolene-8-oxo-type | Sesquiterpene Eudesma-5,11(13)-dien-8,12- Sesquiterpene
compound oxide olide lactone
-Tricyclic frame- Eudesmane-type
0 work Ketone skeleton
k\}\ functionality o Lactone
Longifolene-type functional group
sesquiterpene o
structure.
Bisabolene epoxide match | Sesquiterpene 3-Methyl-5-(1,4,4- Sesquiterpene
oxide trimethylcyclohex-2-enyl)-pent oxide
AN -Mono- or acyclic 2-enoic acid ethyl ester -Built from three
d framework, o t isoprene units
Contains an Contains a
epoxide ring cyclohexene
ring
Spiro[4.5]decan-7-one, epoxy- | Sesquiterpene 3-Isopropyl- Sesquiterpene
derivative oxide tricyclo[4.3.1.1(2,5)]undec-3- oxide
Spiro structure en-10-one -It contains
(two rings sharing a 15-carbon
one carbon atom). HO skeleton (Cys).
Sesquiterpenes
are composed of
three isoprene
o) units (Cs x 3).
Triterpenes (Csg)
Triterpenes (Cso)

One hydroxyl group at C-3
One double bond at C-20.

-Pentacyclic (five-ring) structure
Ursane-type triterpenoid skeleton

Among them, the main components were 2-Cyclohexene-1-methanol, 2,6-dimethyl-
(17.33%), Bicyclo[2.2.1]heptan-2-one,

6-(4-methyl-3-pentenyl)-
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(camphor) (13.19%), Cyclohexane, 1,5-diethenyl-2,3-dimethyl- (9.71%) and Butanoic
acid, octyl ester (8.29%). Thus, as a result of gas chromatography-mass spectrometry
studies, it was determined that the extract contains monoterpene, sesquiterpene, and
triterpene compounds belonging to terpenoid compounds.

According to the results of the study, the ethanolic extract of 4. terrae-albae showed
pronounced antimicrobial activity. The inhibitory effect of the extract against B. subtilis
ATCC 6633, E. coli ATCC 25922 and C. albicans ATCC 10231 strains was observed
at a concentration of 50 mg/ml. In addition, moderate activity was determined against
the S. aureus ATCC 6538 strain, the effective concentration was 25 mg/ml. However,
the antimicrobial activity of the extract against the P. aeruginosa ATCC 27853 strain
was not recorded (Table 2).

Thus, the results obtained indicate that the A. terrae-albae extract has a pronounced
antimicrobial potential against gram-positive bacteria and yeast-like fungi, but its
effect on the gram-negative P. aeruginosa strain is limited. Overall, these results
provide evidence for the antimicrobial properties of biologically active compounds in
the extract, including potential terpenoid components.

Table 2. Antimicrobial activity of A. terrae-albae extract.

Test substances Staphylococcus Bacillus Escherichia | Pseudomonas Candida
aureus subtilis coli aeruginosa albicans
ATCC 6538 ATCC 6633 | ATCC 25922 | ATCC 27853 | ATCC 10231
Extract of 4. terrae- 25 50 50 - 50
albae
Control (ceftriaxone) 6.3 12,5 6,3 12,5 -
Control (nystatin) - - - - 12,5

According to the results of the study, the cytotoxic activity of the extract of the 4.
terrae-albae plant was determined. The half-lethal dose (LDs) of the studied sample
was 90.6 ug/ml.

Dactinomycin (actinomycin D), used as a reference drug, showed a significantly
higher cytotoxicity, its LDs, value was recorded at the level of 45.8 pg/ml. This
indicator is approximately two times lower than that of the studied plant extract, which
indicates that the cytotoxic effect of dactinomycin is stronger (Table 3).

Thus, the results obtained indicate that the extract of A. terrae-albae has cytotoxic
activity, but its effect is weaker than that of a standard antitumor drug. This indicates
the prospect of further pharmacological studies of the plant extract.

Table 3. Cytotoxic activity of 4 rtemisia terrae-albae extract.

Test substances LD, ug/ml
Extract of 4. terrae-albae 90.6
Comparison drug: dactinomycin (actinomycin D) 45.8

Discussions. During the general analysis, 17 terpene compounds (mono-,
sesquiterpenes and one triterpenoid) were identified in the extract. The quantitative
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ratio and group classification of these terpenes are shown in the diagram presented in
the work (Figure 2). Terpenes constitute the majority of the identified compounds and
are the main biologically active components of the extract.

Camphor and cyclic monoterpenes are known natural compounds characteristic
of the Artemisia genus and exhibit antiseptic, anti-inflammatory and antimicrobial
activity. In addition, the identified triterpenoid Urs-20-en-3-ol indicates the presence of
high molecular weight terpenes in the extract and may be associated with its antioxidant
and cytoprotective properties.

Among the 17 terpene compounds identified in the extract of A. ferrae-albae
by GC-MS analysis, monoterpenes (47%) and sesquiterpenes (47%) accounted for
the majority, while triterpenes accounted for only 6%. These results indicate a clear
dominance of low-molecular, volatile terpenes in the secondary metabolite profile of
the studied species (Figure 2).

The presence of equal amounts of monoterpenes and sesquiterpenes indicates a
relatively balanced activity of the plant’s biosynthetic pathways (mevalonate and
methylerythritol phosphate pathways). The high proportion of monoterpenes may be
related to their volatility and protective function, as these compounds play an important
role in plant defense against phytopathogens, insects, and abiotic stress factors.

The high percentage of sesquiterpenes (47%) is also a chemical marker characteristic
of the Artemisia genus. Literature data indicate that biologically active sesquiterpenes
(especially lactones) are common in Artemisia species, which are associated with their
anti-inflammatory, antimicrobial and antioxidant properties.

The relatively low content of triterpenes (6%) may indicate that they are mainly
structural or late metabolic products. Triterpenes are often described as storage or stabilizing
compounds and may be less detectable by GC—MS analysis than volatile terpenes.

6%

= Monoterpene = Triterpene ® Sesquiterpene

Figure 2. Relative percentage composition of terpenoid compounds identified in 4. terrae-albae
extract by GC-MS analysis.

In general, the terpene profile determined indicates that 4. terrae-albae has a
high pharmacological potential and that its biological activity is likely to be mainly
associated with mono- and sesquiterpene components. This ratio of terpenes also
provides important information for the chemotaxonomic characterization of the species.
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It was observed that the chemical nature of the compounds is diverse: monoterpenes,
sesquiterpenes, sesquiterpene lactones, as well as triterpenoids were identified.

GC-MS analysis revealed a high concentration of terpene compounds in the ethanol
extract of 4. terrae-albae. Among them, the highest concentration was 2-Cyclohexene-
I-methanol, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- (17.33%). This compound is
structurally related to terpene alcohols and is considered a mono- or sesquiterpene
derivative. Terpene alcohols are generally characterized by antimicrobial and anti-
inflammatory activity.

The second highest-abundant compound is Bicyclo[2.2.1]heptan-2-one,
1,7,7-trimethyl- (13.19%), a camphor-like monoterpene. Camphor-like compounds are
characteristic of the Artemisia genus and are the main components of the essential oil
fraction of the plant. These substances are known for their antimicrobial, fungicidal,
and insecticidal properties.

In addition, the compound Cyclohexane, 1,5-diethenyl-2,3-dimethyl- (9.71%) was
also detected in significant amounts. Based on its structural features, it also belongs to
the terpene hydrocarbons. Terpene hydrocarbons are protective metabolites of plants
and play an important role in environmental adaptation.

Among the sesquiterpenes, the pharmacologically important a-santonin (1.04%)
and Eudesma-5,11(13)-dien-8,12-olide (1.38%) were identified. These compounds
belong to sesquiterpene lactones and are known as chemotaxonomic markers of the
Artemisia genus. Their anthelmintic, anti-inflammatory and cytotoxic activities have
been reported in the literature.

Of particular interest is the ursane-type triterpenoid (Urs-20-en-3-ol, 3.21%).
Triterpenes with the ursane structure are characterized in the literature by anti-
inflammatory, hepatoprotective and antitumor activity. Its detection confirms the
pharmacological potential of the studied plant. In general, terpenes with a high
percentage are the main components that determine the biological activity of the plant.
Their predominance indicates a high pharmacological potential of the A. terrae-albae
species.

The results of this work show that the ethanol extract of A. terrae-albae is rich in
biologically active compounds, with a predominantly terpene nature. The high content
of identified mono- and sesquiterpenes confirms the specificity of the essential oil
and secondary metabolite profile of the species and allows it to be considered as a
promising source of raw materials for pharmacological studies.

Thus, the GC—MS results showed that the composition of A. terrae-albae is rich in
terpenes, and the 17 terpene compounds identified determine the phytochemical and
pharmacological potential of the plant. The relative distribution and structural features
of terpenes are presented in a diagram, and the obtained data allow us to consider the
plant as a promising source of biologically active natural compounds.

As a result of GC-MS analysis, a total of 46 compounds were identified from the
extract. Of these, 17 compounds are of terpene nature, which accounts for 36.96% of the
total composition. In particular, 8 monoterpenes (17.39%), 8 sesquiterpenes (17.39%)
and 1 triterpenoid — Ursolic acid (2.17%) were identified. The results obtained indicate
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that the studied extract is rich in terpenes and its biological activity may be associated
with these compounds.

Conclusion. The study conducted comprehensively analyzed the chemical
composition and biological activity of the ethanol extract of 4. terrae-albae. The
results showed that this plant is rich in biologically active compounds, including
terpene compounds.

Initial IR spectroscopic screening revealed absorption bands characteristic of
functional groups commonly found in plant terpenoid compounds, namely hydroxyl
(-=OH), carbonyl (C=0), as well as C=C and C—O bonds.

As a result of GC—MS analysis, a total of 46 organic compounds were identified,
17 of which were attributed to the terpene nature. In particular, monoterpenes,
sesquiterpenes and one triterpenoid were identified.

The main components were 2-cyclohexene-1-methanol derivative (17.33%),
camphor (13.19%), cyclohexane derivative (9.71%) and octyl butanoate (8.29%). It
was found that the terpene profile consists mainly of oxygenated monoterpenes, which
is a chemotaxonomic characteristic of the Artemisia genus. In addition, the discovery
of the urs-20-en-3-ol triterpenoid, which belongs to the ursane family, indicated the
presence of high molecular weight terpenes.

The antimicrobial activity evaluation revealed that the extract exhibited moderate
activity against Gram-positive bacteria. The minimum inhibitory concentration (MIC)
against S. aureus ATCC 6538 and B. subtilis ATCC 6633 strains ranged from 12.5-50
ug/ml. A weak effect was observed against the fungus C. albicans ATCC 10231 (MIC
= 50 pg/ml). Gram-negative bacteria (E£. coli ATCC 25922 and P. aeruginosa ATCC
27853) showed relative resistance. This antimicrobial effect may be due to the combined
action of oxygenated monoterpenes, sesquiterpene lactones and phenolic compounds.

The A. salina test system was used to determine the toxicity level. As a result, the
half-lethal dose (LDs,) of the extract was 90.6 pg/ml, which indicates a lower toxicity
compared to the standard drug dactinomycin (LDso, = 45.8 pg/ml).

Overall, the results obtained demonstrate that 4. terrae-albae is rich in terpenes and
is a promising source of natural raw materials with antimicrobial activity. In the future,
the isolation of individual active components, the study of their mechanisms of action,
and testing in in vivo models will allow us to further explore the pharmacological
potential of this plant.
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