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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 (IC₅₀ = 12.4 ± 0.5 µg/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 

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 µL of BSTFA/EtAc (40:10) was 
added to the dried residue, followed by heating at 70 °C for 20 
min. 

After cooling, 1 µL 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 × 250 µm × 0.25 µm; 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, 1× sodium pyruvate, 1× vitamins, 1× 
non-essential amino acids, 100 IU/mL penicillin, and 100 µg/
mL streptomycin. Cultures were maintained in a humidified 
incubator at 37°C with 5% CO₂.

Assay Procedure: Cells were seeded in 96-well plates at 
5×10³ 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 

wavelength of 530 nm and emission of 590 nm. Cytotoxicity 
was expressed as the IC₅₀, 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, α-amyrin derivatives , 
ursolic acid; Steroidal compounds: campesterol, stigmasterol, 
β-sitosterol. The major dominant compounds were halfordine 
and β-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: α-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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Figure 1. GC–MS chromatogram of Astragalus sommieri extract.
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Figure 2. GC–MS chromatogram of Quercus petraea subsp. dshorochensis extract.
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Figure 3. GC–MS chromatogram of Rhododendron smirnovii extract.
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Figure 5. GC–MS chromatogram of Amaracus rotundifolius extract.

Table 1. Characterization of the major dominant compounds Halfordin; β-Sitosterol TMS.
Name Formula MW Exact Mass CAS NIST ID Relative content (% Area) RT (min)
Halfordin C14H12O6 276 276.063389 18646-71-4 13349 218730 8.6 12.39
β-Sitosterol 
TMS	 C32H58OSi 486 486.425694 2625-46-9 331677 101993 7.1 19.88

Table 2. Characterization of Catechin (2R-E)-, 5TMS; Friedelan-3-ol; Malic acid 3TMS, Citric acid 4TMS.
Name Formula MW Exact Mass CAS NIST ID Relative content (% Ara) RT
Malic acid 3TMS C13H30O5Si3 350 350.140104 38166-11-9 332853 38880 9.5 8.35
Citric acid 4TMS C18H40O7Si4 480 480.18511 14330-97-3 333874 191513 8.4 10.75
Catechine (2R-E)-5TMS C30H54O6Si5 650 650.276672 89267-68-5 250062 40232 9.2 15.67
Friedelan-3-ol C30H50O 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 C15H26O 222 222.198365 577-27-5 249593 1803 7.8 9.35

Table 4. Characterization of Friedo-18,19-secolup-19-ene, β-Sitosterol TMS, β-Amyrin TMS, α-Amyrin TMS.

Name Formula MW Exact mass GAS NIST ID Relative content (% 
Area) RT

Friedo-18,19-secolup-19-ene, 
3,10-epoxy-, (3β,10β)- C30H50O 426 426.386166 35060-26-5 32298 33170 7.2 19.60

β-Sitosterol TMS C32H58OSi 486 486.425694 2625-46-9 331677 101993 6.7 19.88
β-Amyrin TMS C33H58OSi 498 498.425694 1721-67-1 374765 171601 8.3 20.22
α-Amyrin TMS C33H58OSi 498 498.425694 1721-67-2 374766 171566 7.9 20.68
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Table 5. Characterization of trans-β-Terpineol, Isopimaric acid TMS, Dehydroabietic acid TMS, Abietic acid TMS.

Name Formula MW Exact mass GAS NIST ID Relative content 
(% Area) RT

trans-β-Terpineol C10H18O 154 154.135765 7299-40-3 140974 2508 5.4 8.35

Isopimaric acid TMS C23H38O2Si 374 374.264107 21414-
47-1 90665 39747 7.3 12.97

Dehydroabietic acid 
TMS C23H36O2Si 372 372.248457 21414-

49-3 79558 180083 8.7 19.26

Abietic acid TMS C32H58OSi 486 486.425694 2625-46-9 331677 101993 7.9 19.88

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

Type of fungal strain extraction method Astragalus 
sommieri

Quercus 
petraea subsp.
dshorochensis

Rhododendr.
smirnowii

Rhododendr.
ungernii

Amaracus 
rotundifolius

Colletotrichum 
gloeosporoides

aqueous extract 1:1 22.5 ± 2 17 ± 2 18.5 ± 2.0 24.2 ± 2.2 15.8 ± 1.5
aqueous extract 1:2 22.0 ± 2 16.5 ± 2 18.0 ± 2.1 24.0 ± 2.0 15.2 ± 1.5
aqueous extract 1:4 21.8 ± 1,5 15.8 ± 1.5 17.8 ± 1.9 23.8 ± 1.5 14.8 ± 2.3
40% ethanol extract 1:4 21.5 ± 2 17 ± 2 19.0 ± 1.5 23.7 ± 1.7 16.2 ± 2.2
40% ethanol extract 1:6 21.9 ± 2 16.9 ± 2 18.7 ± 2,0 22.8 ± 1.6 15.8 ± 1.3

Alternaria alternata

aqueous extract 1:1 21.5 ± 1,7 15.8 ± 2 18.4 ± 2,0 22.4 ± 1.5 15.7 ± 1.3
aqueous extract 1:2 20.8 ± 2 15.5 ± 2 17.8 ± 1,5 22.3 ± 1.6 15.3 ± 1.3
aqueous extract 1:4 19.3 ± 1,5 15.0 ± 1,5 17.3 ± 2,0 20.9 ± 1.3 14.8 ± 1,5
40% ethanol extract 1:4 21.3 ± 2 16.0 ± 2 18.8 ± 2,0 22.7 ± 1.5 14.9 ± 1.5
40% ethanol extract 1:6 20.7 ± 2 15.7 ± 2 18.2 ± 1,8 21.8 ± 1.5 14.0 ± 1.5

Fusarium solani 

aqueous extract 1:1 20.8 ± 2 15.8 ± 1,7 17.8 ± 1,8 22. 9 ± 1.2 15.7 ± 1.8
aqueous extract 1:2 19.5 ± 2 15.2 ± 1,6 17.5 ± 1.5 22.7 ± 1.2 15.2 ± 1.5
aqueous extract 1:4 19.0 ± 1,5 14.5 ± 2,0 16.4 ± 1,3 21.2 ± 1.1 14.5 ± 2
40% ethanol extract 1:4 20. 2 ± 1,5 17.8 ± 2,1 17.0 ± 1,5 23.5 ± 1.5 14.9 ± 1.3
40% ethanol extract 1:6 19.8 ± 1,5 17.3 ± 2,0 16.5 ± 1,5 22.9 ± 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. 55 ± 3 µg/ml 72 ± 3 µg/ml
 Quercus petraea subsp. Dshorochensis c. Koch. >150 µg/ml >150 µg/ml
Amaracus rotundifolius (Boiss.)Briq. >120 µg/ml >125 µg/ml
Rhododendron smirnovii Trautv. 30 ± 1 µg/ml 8.5 ± 0.8 µg/ml
Rhododendron ungernii Trautv. 12.4 ± 0.5 µg/ml 120 ± 31 µg/ml
Etoposide 1.6 ± 0.2 µM 40	 2 µM

ledol, while triterpenoid compounds comprised lupeol, α-amyrin, 
β-amyrin derivatives, friedelan-3-ol, friedelin, and β-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, α-amyrin, and 
β-amyrin derivatives, while steroidal compounds comprised 
stigmasterol and α-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 

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 
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within the tested concentration range (IC₅₀ > 120–150 µg/
ml). The methanolic extract of Astragalus sommieri showed 
moderate cytotoxicity against A-549 cells (IC₅₀ = 55 ± 3 µg/
ml), while the IC₅₀ for WS-1 cells was slightly higher (72 ± 3 
µg/ml), indicating weak selectivity.

The extract of Rhododendron smirnowii exhibited the opposite 
trend: its activity against normal fibroblasts (IC₅₀ = 8.5 ± 0.8 µg/
ml) was significantly higher than against cancer cells (IC₅₀ = 30 
± 1 µg/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 IC₅₀ against A-549 cells (12.4 ± 0.5 µg/ml), while the IC₅₀ 
for WS-1 cells was 120 ± 31 µg/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 IC₅₀ values of 1.6 ± 0.2 
µM for A-549 cells and 40.2 µM 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, α-amyrin, and ursolic acid, 
often demonstrating antibacterial and antifungal properties; 
and sterols such as β-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, α-amyrin, ursolic acid), 
exhibiting strong antitumor effects, particularly lupeol and 
ursolic acid; and sterols, where β-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, 

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 α-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 α-linolenic acid (ω-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/β-catenin pathways, anti-
inflammatory and antimicrobial activity), α- and β-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-κB 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 (β-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, α- 
and β-amyrin, β-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 
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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, α- and β-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 
(IC₅₀ = 12.4 ± 0.5 μg/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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Figure S1. Mass spectrum of Halfordin

Figure S2. Mass spectrum of E-Knidimine
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Figure S3. Mass spectrum of Catechin (2R-E)-, 5TMS

Figure S4. Mass spectrum of Friedelan-3-ol



148

Figure S5. Mass spectrum of Traumatic acid, (E)-, 2TMS

Figure S6. Mass spectrum of 5-O-Coumaroyl-D-quinic acid, 5TMS
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Figure S7. Mass spectrum of Ledol

Figure S8. Mass spectrum of Arbutin, 4TMS
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Figure S9. Mass spectrum of Friedo-18,19-secolup-19-ene, 3,10-epoxy-, (3β,10β)

Figure S10. Mass spectrum of Lanosterol TMS
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Figure S11. Mass spectrum of Friedolan-3-ol, (3α)

Figure S12. Mass spectrum of Ursolic acid, 2TMS
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Figure S13. Mass spectra of selected compounds from the leaf extract of Amaracus rotundifolius
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