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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The flora of Adjara (Southern Colchis) is characterized by
high biodiversity, a significant proportion of endemism, and
unique forest ecosystems. Our study aimed to analyze the
biologically active compounds in leaves of five Adjara-Lazeti
endemic species: Astragalus sommieri, Quercus petraea
subsp. Dshorochensis, Amaracus rotundifolius, Rhododendron
smirnovii, and Rhododendron ungernii. Methanolic leaf extracts
were prepared and analyzed using GC-MS to identify bioactive
constituents. Antimicrobial (specifically fungicidal) activity
was evaluated in vitro against Colletotrichum gloeosporioides,
Alternaria alternata, and Fusarium solani using the agar
well diffusion method. Cytotoxicity was assessed on human
lung carcinoma (A-549) and normal skin fibroblasts (WS-1)
using resazurin and Hoechst assays. For GC—MS analysis and
cytotoxicity assays, methanolic extracts were prepared, the
aqueous and 40% ethanolic extracts were used exclusively
for antifungal activity evaluation. GC-MS analyses revealed a
diverse array of bioactive compounds, including phenolic acids,
flavonoids, terpenoids, sterols, etc. Rhododendron ungernii
extract exhibited the highest selective cytotoxicity against A-549
cells (ICso = 12.4 + 0.5 pg/ml; SI = 9.68). Strong antifungal
activity was observed in R. ungernii, Astragalus sommieri,
and R. smirnovii extracts. These results suggest the potential
of these endemic species as sources of selective anticancer
and antimicrobial agents. All experiments were performed in
triplicate. Results are expressed as mean + standard deviation
(SD). Statistical analysis was carried out using one-way analysis
of variance (ANOVA). Differences were considered statistically
significant at p < 0.05.

Key words. Adjara-Lazeti endemics, GC-MS, bioactive

compounds, antifungal, cytotoxicity, selective anticancer
activity.
Introduction.

Adjara, or the South Colchic floristic region, occupies
a noteworthy place due to the exceptional diversity of its
vegetation cover, the high proportion of endemic species, and
the uniqueness of its forest ecosystems. The flora of Adjara is
distinguished by remarkable diversity and originality, which is
conditioned by ancient plant communities, endemics, and relicts
that were formed as early as the Tertiary period (Paleogene).
According to geographic structure, the endemic flora of Adjara
includes Caucasian, Georgian, Colchic, Adjara—Lazeti, and
Adjara local endemic plant species [1-3].

Comprehensive study of endemic plants with localized
distribution is of great importance. In earlier years, the
endemic plant species of Adjara and Adjara—Lazeti had been
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insufficiently investigated. We initiated their study not only
from biodiversity and botanical perspectives but also in terms
of their phytochemical composition and biological activity.

The objective of the present research was to determine the
content of bioactive compounds in the leaves of five endemic
species of Adjara—Lazeti belonging to the genera Quercus
L., Rhododendron L., Astragalus L., and Amaracus Hill.
(Origanum L.); and to assess the antimicrobial (specifically,
fungicidal) and cytotoxic activities of extracts obtained
from their leaves. According to scientific literature, species
representing these botanical genera are known to contain
biologically active compounds and have practical applications
in pharmacy, medicine, cosmetology, agriculture, and other
fields [4-8]. Therefore, we attach great significance to the study
of previously unexplored endemic representatives of these
genera in Adjara—Lazeti.

Based on the aim of the research, the objectives of the study were:

1. To collect analytical plant material of the target species
in the subalpine and alpine zones of Adjara;
2. To process the collected raw material and prepare

extracts for determining the content of biologically active
compounds and for assessing antimicrobial and cytotoxic
activities under in vitro conditions;

To determine fungicidal and cytotoxic activities.

Materials and Methods.

Plant Material: The research objects were five endemic
plant species of Adjara—Lazeti: Astragalus sommieri Freyn,
Quercus petraea subsp. dshorochensis (K.Koch) Menitsky,
Amaracus rotundifolius (Boiss.) Briq., Rhododendron smirnovii
Trautv.,, and Rhododendron ungernii Trautv. Astragalus
sommieri is a perennial herbaceous plant, whereas the remaining
species are woody trees and shrubs. Both Rhododendron
species are evergreen shrubs growing in the subalpine zone of
the Adjara floristic region.

Plant material was collected during field expeditions and
processed at the Department of Biodiversity Monitoring and
Conservation, Institute of Phytopathology and Biodiversity,
Batumi Shota Rustaveli State University.

Preparation of Plant Extracts:

Different extraction protocols were applied depending on the
type of analysis and biological activity evaluated.

For GC-MS analysis and cytotoxicity assays, methanolic
extracts were prepared.

Briefly, 5 g of air-dried and powdered leaf material were mixed
with 25 mL of methanol and extracted by maceration.

After filtration, the solvent was evaporated under reduced
pressure.
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For GC-MS analysis, 50-55 pL of BSTFA/EtAc (40:10) was
added to the dried residue, followed by heating at 70 °C for 20
min.

After cooling, 1 uL of the derivatized sample was injected into
the GC-MS system.

GC/MS Conditions: Agilent Technologies 7000 GC/MS Triple
Quad; column: Elite 5-MS, 30 m x 250 pym x 0.25 pm; oven
temperature: 60-310°C (programmed mode); injector: 250°C;
transfer line: 310°C; carrier gas: helium, 1 mL/min; ionization:
EI 70 eV; scan mode: TIC. Relative quantification of the
identified compounds was performed based on the percentage of
peak area (% Area) in the total ion chromatogram (TIC). Peak
identification was performed by comparing mass spectra to the
NIST database.

For antifungal activity assays, aqueous and 40% (v/v) ethanolic
extracts were prepared independently. Aqueous extracts were
obtained by extracting 10 g of dried plant material with distilled
water (1:10, w/v) at elevated temperature, followed by filtration.
Ethanolic extracts were prepared by macerating 10 g of dried
plant material in 40% ethanol at room temperature. The extracts
were filtered and used for antifungal testing at different dilutions.

Methanolic extracts were used exclusively for GC-MS
analysis and cytotoxicity assays, whereas aqueous and 40%
ethanolic extracts were used exclusively for antifungal activity
evaluation.

Fungicidal Activity Assay:

The antifungal activity of the extracts was evaluated in vitro
using the Agar Well Diffusion method. Phytopathogenic
fungi (Colletotrichum gloeosporioides, Alternaria alternata,
Fusarium solani) were obtained from the Institute’s culture
collection. Sterile Potato Dextrose Agar (PDA) was poured into
Petri dishes, and 6 mm wells were cut and filled with extracts.
Plates were incubated at room temperature for 24 hours to allow
diffusion. Fungal test cultures were inoculated around the wells,
and plates were incubated at 25°C. Distilled water was used
as a control. Each The fungicidal activity was evaluated by
measuring the inhibition of fungal colony growth compared to
controls. All experiments were performed in triplicate. Results
are expressed as mean * standard deviation (SD). Statistical
analysis was carried out using one-way analysis of variance
(ANOVA). Differences were considered statistically significant
at p <0.05 [9-10].

Cytotoxicity Assay:

The cytotoxic activity of methanolic extracts was tested
against human skin fibroblasts WS1 (ATCC CRL-1502) and
human lung carcinoma A-549 (ATCC CCL-185).

Cell Culture: Cells were grown in DMEM supplemented with
10% fetal bovine serum, 1x sodium pyruvate, 1x vitamins, 1%
non-essential amino acids, 100 IU/mL penicillin, and 100 pg/
mL streptomycin. Cultures were maintained in a humidified
incubator at 37°C with 5% CO..

Assay Procedure: Cells were seeded in 96-well plates at
5x103% cells/well and allowed 24 h for adhesion. Test extracts,
dissolved in DMSO (final concentration 0.5%), were added to
each well. After 48 h, cytotoxicity was assessed using Resazurin
and Hoechst staining. Fluorescence was measured with a plate
reader (FLTM, Labsystems, Milford, MA, USA) at an excitation
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wavelength of 530 nm and emission of 590 nm. Cytotoxicity
was expressed as the ICso, i.e., the concentration inhibiting 50%
of cell growth.

Results.
Content of Biologically Active

Compounds in the Studied Species:

GC-MS analysis of the leaves of the endemic species
Astragalus sommieri, revealed the presence of 21 biologically
active compounds. The identified compounds belonged to
several chemical classes: Organic acids: malic acid; Fatty acids:
oleic acid; Phenolic acids: benzoic acid; Sugars and sugar
alcohols: xylose, ribitol, galactopyranoside, D-tagatofuranose,
D-psicofuranose, D-lyxofuranose, D-pinitol, L-fucopyranose,
dulcitol; Polyphenolic compounds: chromone derivatives;
Coumarins: knidimin, archangelicin; Flavonoids: quercetin,
kaempferol; Triterpenoids: lupeol, o-amyrin derivatives |,
ursolic acid; Steroidal compounds: campesterol, stigmasterol,
B-sitosterol. The major dominant compounds were halfordine
and [-sitosterol (Figure 1 and Table 1). These compounds are
known for their potential pharmacological activity, including
antioxidant, antimicrobial, and cytotoxic properties, which
supports the relevance of A. sommieri in further biological
studies.

GC-MS analysis of the endemic species Quercus petraea
subsp. dshorochensis revealed the presence of 55 compounds.
The identified compounds were categorized as follows:
Carboxylic, fatty, and phenolic acids: threonine, citric acid,
malic acid, shikimic acid, traumatic acid, quinic acid, gallic
acid, palmitic acid; Sugars and sugar alcohols: anhydroglucitol,
ribitol, arabinofuranose, allofuranose, fructose, galactopyranose,
mannopyranose, tagatofuranose, rhamnose; Benzylquinol
derivatives; Coumaroylquinic acid derivatives; Pentacyclic
triterpenoids: friedelin; Polyphenolic compounds: catechin,
epigallocatechin.

The dominant compounds were catechin, the triterpenoid
friedelan-3-1, malic acid and citric acid (Figure 2 and Table 2).
These bioactive compounds are known for their antioxidant,
antimicrobial, and cytotoxic properties, indicating the
pharmacological potential of this endemic oak species.

GC-MS analysis of the endemic species Rhododendron
smirnowii, identified 41 compounds. The detected compounds
were classified as follows: Carboxylic, organic, fatty,
and phenolic acids: lactic acid, malic acid, succinic acid,
valeric acid, quinic acid, citric acid, palmitic acid, lilonelin,
jasmonic acid; Amino acids: L-leucine; Sugars: ribofuranose,
galactopyranose; Benzodihydropyridine derivatives; Steroidal
compounds: a-sitosterol. The dominant compound was the
sesquiterpenoid ledol (Figure 3 and Table 3). These bioactive
constituents suggest potential pharmacological activities,
including antimicrobial and cytotoxic effects.

In the GC-MS analysis of Rhododendron ungernii, a total of
26 compounds were identified. These include carbon, various
organic and fatty acids, and phenolic acids such as lactic, malic,
quinic, citric, protocatechuic, lignoceric, gallic, palmitic, and
linolenic acids. Among sugars, arabitol, fructofuranose, and
d-erythritol were detected. Sesquiterpene compounds included
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Table 1. Characterization of the major dominant compounds Halfordin, p-Sitosterol TMS.
Name Formula MW Exact Mass CAS NIST 1D Relative content (% Area) RT (min)
Halfordin CI14H1206 276 276.063389 |18646-71-4 13349 218730 8.6 12.39
gﬁ‘;‘mr"l C32H580Si 486 486.425694 2625-46-9 331677 101993 7.1 19.88
Table 2. Characterization of Catechin (2R-E)-, 5STMS; Friedelan-3-ol; Malic acid 3TMS, Citric acid 4TMS.
Name Formula MW Exact Mass (CAS NIST ID Relative content (% Ara) RT
Malic acid 3TMS C13H3005Si3 350 350.140104 [38166-11-9 332853 38880 9.5 8.35
Citric acid 4TMS C18H4007Sig 480 480.18511 14330-97-3 1333874 191513 8.4 10.75
Catechine (2R-E)-5TMS  C30Hs540¢Si5 650 650.276672 |89267-68-5 250062 40232 9.2 15.67
Friedelan-3-ol C30H500 426 426.386166 559-74-0 412502 8644 5.9 18.19
Table 3. Characterization of Ledol.
Name Formula MW Exact Mass CAS NIST ID Relative content (% Area) RT
Ledol C15H260 222 222.198365 577-27-5 249593 1803 7.8 9.35

Table 4. Characterization of Friedo-18,19-secolup-19-ene, p-Sitosterol TMS, p-Amyrin TMS, a-Amyrin TMS.

Name Formula MW Exact mass GAS NIST ID Ei:j:)lve content (% RT
Friedo-18,19-secolup-19-ene, | 31y 426 426386166 35060-26-5 32298 33170 72 19.60
3,10-epoxy-, (3B,10p)-

B-Sitosterol TMS C32H580Si 486  486.425694 2625-46-9 331677 101993 6.7 19.88
B-Amyrin TMS C33H580Si 498  498.425694 1721-67-1 374765 171601 8.3 20.22
a-Amyrin TMS C33H580Si 498 498425694 1721-67-2 374766 171566 7.9 20.68
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Table 5. Characterization of trans-f-Terpineol, Isopimaric acid TMS, Dehydroabietic acid TMS, Abietic acid TMS.

Name Formula MW Exact mass
trans-f-Terpineol C10H180 154 154.135765
Isopimaric acid TMS C23H3802Si 374 374.264107
?f/?g droabieticacid - 3p1360; 372 372.248457
Abietic acid TMS C32H580Si 486 486.425694

Table 6. Determination of anti-fungal activity by agar well diffusion method.

, , Astragalus
Type of fungal strain extraction method sommieri
aqueous extract 1:1 225+2
. aqueous extract 1:2 220+2
Colletotrichum
gloeosporoides aqueous extract 1:4 21.8+1,5
40% ethanol extract 1:4 21.5+2
40% ethanol extract 1:6 21.9+2
aqueous extract 1:1 21.5+1,7
aqueous extract 1:2 20.8£2
Alternaria alternata  aqueous extract 1:4 193+1,5
40% ethanol extract 1:4 21.3+2
40% ethanol extract 1:6 20.7 + 2
aqueous extract 1:1 20.8+2
aqueous extract 1:2 19.5£2
Fusarium solani aqueous extract 1:4 19.0+ 1,5
40% ethanol extract 1:4 [20.2+1,5
40% ethanol extract 1:6 19.8 £1,5

Relative content

GAS NIST ID (% Area) RT
7299-40-3 140974 2508 5.4 8.35
i;il 4 90665 39747 7.3 12.97
21414-

493 79558 180083 8.7 19.26
2625-46-9 331677 101993 7.9 19.88
Quercus Rhododendr. Rhododendr.  Amaracus
petraea subsp. X .. .. -

dshorochensis Sirnowii ungernii rotundifolius
17+2 18.5+2.0 242+2.2 15.8+1.5
16.5+2 18.0+2.1 24.0+2.0 152+1.5
15.8+1.5 17.8+1.9 23.8+1.5 148+23
17+2 19.0£1.5 23.7+1.7 162+22
169+2 18.7+2,0 22.8+1.6 158+1.3
158+2 18.4+2,0 224+1.5 157+1.3
155+2 17.8+ 1,5 223+ 1.6 153+£1.3
15.0+1,5 17.3+2,0 209+1.3 14.8+1,5
16.0£2 18.8+£2,0 22.7+1.5 149+1.5
15.7+2 18.2+1,8 21.8+1.5 14.0£1.5
15.8+1,7 17.8+1,8 22.9+1.2 15.7+1.8
152+1,6 17515 22.7+1.2 152+1.5
14.5+2,0 164+1,3 21.2+1.1 145+2
17.8 £2,1 170+ 1,5 23.5+1.5 149+1.3
17.3+2,0 16.5+1,5 229+1.5 14.0+1.8

Table 7. Evaluation of the cytotoxic activity of methanolic extracts of endemic plants of Adjara—Lazeti in an in vitro assay.

Cell line / Sample A-549 WS-1
Astragalus sommieri Freyn. 5543 pg/ml 72 + 3 pg/ml
Quercus petraea subsp. Dshorochensis c. Koch. >150 pg/ml >150 pg/ml
Amaracus rotundifolius (Boiss.)Briq. >120 pg/ml >125 pg/ml
Rhododendron smirnovii Trautv. 30+ 1 pg/ml 8.5+ 0.8 pg/ml
Rhododendron ungernii Trautv. 12.4£0.5 pg/ml 120 + 31 pg/ml
Etoposide 1.6 0.2 uM 40 2 uM

ledol, while triterpenoid compounds comprised lupeol, a-amyrin,
B-amyrin derivatives, friedelan-3-ol, friedelin, and B-Sitosterol.
Polyphenolic compounds identified included flavonoids and
catechins, along with various steroidal compounds and others
(Figure 4 and Table 4).

During the GC-MS analysis of Amaracus rotundifolius, 55
compounds were identified. These include carbon, various
organic and fatty acids, and phenolic acids such as malic,
hydroxybenzoic, shikimic, vanillic, protocatechuic, syringic,
coumaric, ferulic, and linolenic acids. Pentanol derivatives
were also detected. Among sugars, deoxyribose, ribofuranose,
galactofuranose, and erythrofuranose were found. Benzimidazole
derivatives, lignans, and styrene derivatives were identified as
well. Triterpenoid compounds included lupeol, a-amyrin, and
B-amyrin derivatives, while steroidal compounds comprised
stigmasterol and a-sitosterol (Figure 5 and Table 5).

Fungicidal Activity of Leaf Extracts of the Studied Specimens:

Quantitative data on the fungicidal activity, obtained using
the methodology described above, are presented in the table
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5. The table indicates the phytopathogenic strains used, the
extraction method (aqueous and ethanolic extracts at different
concentrations), and the inhibition zones statistically calculated
based on three replicates.

Aqueous and 40% ethanolic leaf extracts were used for
antifungal assays, as described in the extraction protocol.

Screening of aqueous and ethanolic extracts revealed that leaf
extracts of Rhododendron ungernii and Astragalus sommieri
exhibit pronounced fungicidal activity. A significantly strong
antimicrobial effect was also observed in the leaf extracts of
Rhododendron smirnowii.

Cytotoxic Activity of Leaf Extracts of the Studied Species:

As shown in table 6, the study evaluated the cytotoxic activity
of methanolic extracts from five endemic plants of Adjara-
Lazeti on human lung carcinoma cells (A-549) and normal skin
fibroblasts (WS-1). Etoposide was used as a positive control for
comparison.

Extracts of Quercus petraea subsp. dshorochensis and
Amaracus rotundifolius did not exhibit significant activity



within the tested concentration range (ICso > 120-150 pg/
ml). The methanolic extract of Astragalus sommieri showed
moderate cytotoxicity against A-549 cells (ICso = 55 + 3 png/
ml), while the ICso for WS-1 cells was slightly higher (72 £ 3
pg/ml), indicating weak selectivity.

The extract of Rhododendron smirnowii exhibited the opposite
trend: its activity against normal fibroblasts (ICso = 8.5+ 0.8 pg/
ml) was significantly higher than against cancer cells (ICso = 30
+ 1 pg/ml), indicating undesirable cytotoxicity toward normal
cells.

The most pronounced and selective activity was observed for
the extract of Rhododendron ungernii. The extract showed a
low ICso against A-549 cells (12.4 + 0.5 pg/ml), while the 1Cso
for WS-1 cells was 120 + 31 pg/ml. The calculated selectivity
index (SI = 9.68) was substantially higher than for the other
samples, indicating preferential inhibition of cancer cells.
Etoposide, used as a control, exhibited ICso values of 1.6 + 0.2
UM for A-549 cells and 40.2 uM for WS-1 cells, consistent with
its expected high efficacy and selectivity.

Discussion.

During the experimental study, the use of different extraction
solvents was dictated by the specific objectives of the study.
Methanol was selected for GC-MS profiling and cytotoxicity
assays due to its efficiency in extracting phenolic compounds,
flavonoids, and triterpenoids associated with anticancer activity.
In contrast, aqueous and 40% ethanolic extracts were used for
antifungal screening, as these solvents are commonly applied
in antimicrobial assays and better reflect potential practical
applications.

Based on the study of biologically active compounds in the
investigated species, the following analysis can be made:

GC-MS analysis of Astragalus sommieri, an endemic species,
revealed compounds that may possess biological activity,
particularly antimicrobial effects. These include: phenolic
acids such as benzoic acid, known for antibacterial and
antifungal activity; polyphenolic compounds such as knidimin
and archangelicin, which exhibit antibacterial activity against
certain bacteria; flavonoids such as quercetin and kaempferol,
showing strong antimicrobial activity against bacteria and
fungi; triterpenoids including lupeol, a-amyrin, and ursolic acid,
often demonstrating antibacterial and antifungal properties;
and sterols such as B-sitosterol, campesterol, and stigmasterol,
theoretically showing minor antimicrobial effects.

Compounds with cytotoxic and antitumor potential include
polyphenols (knidimin, archangelicin), which have shown
cytotoxic effects in various cancer cell lines; flavonoids
(quercetin, kaempferol), known for antitumor and cytotoxic
activities, inhibiting cell cycle progression and inducing
apoptosis; triterpenoids (lupeol, o-amyrin, ursolic acid),
exhibiting strong antitumor effects, particularly lupeol and
ursolic acid; and sterols, where [-sitosterol occasionally shows
pro-apoptotic/cytotoxic properties [11-30].

GC-MS analysis of Quercus petraea subsp. dshorochensis
revealed the presence of benzylquinol, a compound with potent
antimicrobial activity, particularly against bacteria and fungi.
Antitumor effects were associated with phenolic acids such as
cumaroilquinone and pentacyclic triterpenoids like friedelin,
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known for antitumor and antimicrobial properties, especially
in leukemia and skin cancer models. Polyphenolic compounds
including catechin and epigallocatechin (EGC/EGCG) were
also detected, exhibiting strong antioxidant, antimicrobial,
and antitumor effects, promoting apoptosis in cancer cells and
inhibiting replication of various bacteria and viruses [11-30].

GC-MS analysis of Rhododendron smirnowii identified
biologically active compounds potentially characterized by
antimicrobial and cytotoxic properties. These include phenolic
compounds such as benzoic acid, with strong antimicrobial
effects and reported antitumor activity; benzodihydropyridines,
some of which exhibit antitumor and antimicrobial activity;
the steroidal compound a-sitosterol, known for antimicrobial
activity against certain bacteria and fungi, with occasional in
vitro antitumor effects; and sesquiterpenes such as ledol, which
show anti-inflammatory, antimicrobial, and antitumor profiles
and sometimes cytotoxic effects in cancer cell lines[11-30].

GC-MS analysis of Rhododendron ungernii revealed phenolic
compounds with remarkable antimicrobial and antitumor
properties, including protocatechuic acid (strong antioxidant,
antimicrobial, and cytotoxic effects, stimulates apoptosis in
cancer cells) and gallic acid (potent natural antimicrobial and
antitumor phenol, active against ESBL-producing bacteria and
multidrug-resistant strains, induces apoptosis, increases ROS,
and suppresses proliferation in cancer cells). Fatty acids, such
as a-linolenic acid (®-3), exhibited antitumor potential by
inhibiting metastasis, modulating membrane lipid composition,
and moderate antimicrobial activity. Sesquiterpenes such as
ledol, triterpenoids including lupeol (strong antitumor effect
via inhibition of PI3K/AKT and Wnt/B-catenin pathways, anti-
inflammatory and antimicrobial activity), a- and f-amyrin (anti-
inflammatory, antimicrobial, and cytotoxic effects, induces
apoptosis in cancer cells), friedelin (antimicrobial and moderate
antitumor activity), friedelanol (cytotoxic and antioxidant
properties), and ursolic acid (strong natural antimicrobial,
antiviral, and antitumor triterpene, induces apoptosis, inhibits
NF-xB pathways, suppresses angiogenesis) were also detected.
Polyphenols such as flavonoids (quercetin, luteolin, apigenin,
kaempferol, etc.) demonstrated strong antimicrobial and
antitumor effects through multiple mechanisms, including ROS
regulation, inhibition of mTOR and PI3K/AKT pathways, and
suppression of angiogenesis. Catechins, including EGCG-type,
exhibited pronounced cytotoxic and antimetastatic effects.
Steroidal compounds, including phytosterols (f-sitosterol, etc.),
showed moderate antitumor and antimicrobial activity [11-30].

GC-MS analysis of Amaracus rotundifolius identified
biologically active compounds with documented antimicrobial
and antitumor activity: potent compounds include lupeol, a-
and B-amyrin, B-sitosterol, stigmasterol, protocatechuic acid,
syringic acid, coumaric acid, ferulic acid, and vanillic acid;
compounds with moderate antimicrobial and antitumor activity
include linolenic acid, benzimidazole derivatives, lignans, and
shikimic acid [11-30].

Screening of aqueous and ethanolic leaf extracts at various
concentrations against phytopathogenic and human-pathogenic
fungi revealed pronounced fungicidal activity in Rhododendron
ungernii and Astragalus sommieri leaf extracts. A significant



antimicrobial effect was also observed in Rhododendron
smirnowii extracts. Other species warrant further study.

Cytotoxicity studies showed that Rhododendron ungernii
exhibited the most pronounced and selective activity, indicating
its potential as a candidate for selective anticancer activity.
Astragalus sommieri displayed moderate potential, whereas
Rhododendron smirnowii may exert toxic effects on normal
cells. The other tested species were less active under the
experimental conditions.

A comparative analysis of the GC-MS profiles provides
insight into the observed differences in biological activity.

Rhododendron ungernii exhibited a higher relative abundance
of triterpenoids (ursolic acid, lupeol, a- and B-amyrin
derivatives) and phenolic acids (gallic and protocatechuic
acids), compounds widely associated with selective anticancer
activity and apoptosis induction in cancer cells. Importantly,
the abundance of highly toxic or non-selective constituents was
comparatively lower, which may explain the high selectivity
index (SI=9.68) observed for this species.

In contrast, Rhododendron smirnovii was characterized by a
notable presence of sesquiterpenes such as ledol. While ledol
exhibits antimicrobial and anti-inflammatory activity, it has
also been associated with nonspecific cytotoxic effects, which
may account for the higher toxicity observed toward normal
fibroblasts (WS-1 cells).

Conclusion.

As a result of our study, it was determined that the endemic
species: Astragalus sommieri, Quercus petraea subsp.
Dshorochensis, Amaracus rotundifolius, Rhododendron
smirnovii, and Rhododendron ungernii contain a diverse
spectrum of bioactive compounds, as revealed by GC-MS
analyses, including phenolic acids, flavonoids, terpenoids,
sterols, and others. The extract of Rhododendron ungernii
exhibited the highest selective cytotoxicity against A-549 cells
(ICso = 12.4 + 0.5 pg/mL; SI = 9.68), while strong antifungal
activity was observed in the extracts of R. ungernii, Astragalus
sommieri, and R. smirnovii. These findings indicate the potential
of these endemic species as sources of selective anticancer and
antimicrobial agents and highlight the need for further in-depth
investigation.
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