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The study of cytotoxic activity of some alkaloid-bearing plants growing in Georgia
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Abstract.

The aim of the study was to examine the aboveground parts of plants growing in Georgia:
Delphinium elisabethae N. Busch., Solanum nigrum L., Sophora japonica L., Vinca herbacea
Waldst. et Kit., for their alkaloid content and to evaluate their biological activity. Purified total
alkaloid fractions were obtained using liquid-liquid extraction from the aforementioned plants,
in the composition of which, as Phytochemical analysis revealed the major alkaloid constituents
correspond to diterpene (D. elisabethae), steroidal (S. nigrum), quinolizidine (S. japonica), and
indole-type bases ( V. hAerbacea). Cytotoxic activity in vitro was assessed using three cell cultures:
A-549 (human lung carcinoma cell culture, ATCC#CCL-185); DLD-1 (cell culture of the rectum
adenocarcinoma, ATCC#CCL-221); WS-1 (human dermal fibroblasts) with the Resazurin and
Hoechst tests.

It was found that the total alkaloid fraction from V. herbacea demonstrated strong cytotoxic
activity against A-549 and DLD-1 cells, with no toxicity toward WS-1. The S. nigrum fraction
displayed moderate cytotoxicity against all tested cell cultures. The total alkaloid fractions from

D. elisabethae and S. japonica showed only weak cytotoxic activity against all cell lines.
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Introduction. Modern comprehensive approaches used in the treatment of oncological diseases
represent a set of complementary strategies, including surgical intervention, radiation therapy,
chemotherapy, targeted and immunotherapeutic methods [1,2]. These approaches target the
tumour and the patient's body at the molecular, cellular and systemic levels. Despite the progress
achieved, significant problems still remain in the treatment of malignant neoplasms due to the
high toxicity of anticancer drugs, the development of drug resistance and insufficient selectivity
of their action [3,4]. In this regard, the search for new, safer and biologically active natural
compounds that can become the basis for alternative or auxiliary chemotherapeutic agents

remains relevant [5].

One of the promising areas of cancer therapy is the use of chemotherapeutic drugs of plant origin.
Secondary metabolites, especially alkaloids, play an important role in the treatment of malignant
neoplasms [6, 7]. A number of widely used cytostatics were obtained from plant materials:
vincristine and vinblastine from Vinca rosea L., taxol from 7axus baccata L., Ukrain -based on an
alkaloid from Chelidonium majus L., camptothecin from Camptotheca acuminate Decne. [8-11].
Alkaloids, due to their wide range of pharmacological activity, in particular their strong cytotoxic
and antiproliferative effects, attract special attention of researchers. [12]. The biological activity
of these compounds is realized through multiple molecular mechanisms. For instance,
disturbances in microtubule dynamics are characteristic for indole alkaloids, inhibition of
topoisomerases - for camptothecin, and induction of apoptosis - for berberine and soforidine.
Such a diverse mechanisms of action on malignant neoplasms underscore the significant
therapeutic potential of alkaloids and generate increasing interest in their further research [13].
The species examined— Delphinium elisabethae N. Busch. (Helleboraceae), Solanum nigrum L.
(Solanaceae), Sophora japonica L.(Leguminosae), and Vinca herbacea Waldst. et Kit.
(Apocynaceae)—were selected for their established biological and pharmacological propertiesand
as the objects, that allow for a comprehensive analysis of representatives of diverse structural
classes based on their cytotoxic action.

According to the literature data, the chemical composition of D. elisabethae is characterized by
the presence of alkaloids with potential cytotoxic activity. However, the number of publications
related to research in this area remains limited. In this regard, the development of an optimal
method for isolating total alkaloid fractions enriched with biologically active bases exhibiting
selective activity from D. elisabethae, growing in Georgia, represents an urgent and scientifically
justified task [14].

Numerous studies of foreign scientists related to S. nigrum have demonstrated its high
antiproliferative activity. However, there are no systematic studies of the alkaloid composition
and cytotoxic activity of this species in Georgia. It is known that the chemical composition of the
plant includes valuable steroidal glycoalkaloids (solasonine, solamargine) with established

antitumor activity. In this regard, the study of S. nigrum growing in Georgia is of interest for
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identifying biologically active components, expanding phytochemical data on the flora of Georgia
and searching for promising natural compounds with cytotoxic potential [15].

The rich chemical composition of S. japonica—flavonoids, isoflavonoids, quinolizidine alkaloids,
and phenolic acids—makes it a valuable source of biologically active metabolites. However, as in
the previous case, information on cytotoxic activity is limited, which determines interest in
assessing the potential antitumor activity of this species and identifying novel biologically active
compounds [16, 17].

The genus Vincaplaysa key role in oncopharmacology, being the source of a number of successful
anticancer drugs such as vincristine and vinblastine. V. hAerbaceais considered a promising object
for the search for cytotoxically active alkaloids. Studying the chemical composition and biological
activity of the aboveground parts of V. Aerbacea will allow to approach the study of this plant
from a novel perspective, creating the prerequisites for identifing new compounds and evaluating
their biological activity, and determining their potential for the development of natural
anticarcer agents [18].

An analysis of these species will enable the identification of the most promising plant sources of
biologically active compounds and provide a scientific foundation for further phytochemical and
pharmacological research

The aim of research. The aim of our research was to study the aboveground vegetative organs of
the following plants: Delphinium elisabethae N. Busch. (Helleboraceae); Solanum nigrum L.
(Solanaceae); Sophora japonica L. (Leguminosae), Vinca herbacea Waldst. et Kit. (Apocynaceae),
growing in Georgia, for the content of alkaloids and to evaluate their physiological activity.
Materials and methods. The plant material was collected during the flowering phase, collected in
Western Georgia. Air-dried raw materials were crushed. Extraction was performed by
maceration in 70% ethanol at room temperature for 48 hours, followed by filtration and
evaporation to a dry residue. The residue was treated with a 5% hydrochloric acid solution. The
acidic solution was alkalized with 25% ammonia, after which extraction was performed with
chloroform. The combined chloroform fractions were washed with distilled water to a neutral
pH, dehydrated with anhydrous sodium sulphate, filtered and evaporated to dryness.
Qualitative analysis of the isolated total alkaloid fractions was performed by thin-layer
chromatography (TLC) on plates (Silica gel 60 F2s4« (Merck, Germany) using the following solvent
system: chloroform-methanol (4:1; 6:1; 9:1); chloroform-benzene-ethanol 95% - ammonia 25%
(40:40:10:0.2); benzene-ethylacetate-methanol (2:2:1). For visualization, the following detectors
were used: Dragendorff reagent, ammonium cerium sulfate solution in 85% orthophosphoric acid
(for indole bases), in the presence of standards. Also, identification of alkaloids was realized using
7890B GC System and 5977A Single Quadrupole GC/MSD System (Agilent Technologies, USA).
Cytotoxic activity was evaluated on three cell lines: A549 (human lung carcinoma, ATCC#CCL-
185); DLD-1 (human colorectal adenocarcinoma, ATCC#CCL-221); WS-1 (human dermal
fibroblasts,) which were received from ATCC (American Type Culture Collection - Manasa,

USA). Cancer cells were cultivated in Earle’s salt and L-glutamine growth medium. (Earle’s salts
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content: KCl, NaCl, NaH2POs * H20, D-Glucose, MgSOs - 7H20, CaClz - 2H20, NaHCOs, red
phenol), then supplemented with 10% fetal calf serum (Hyklon, Logan, USA) vitamins (1X),
penicillin (100 I.U/ml) and streptomycin (100 mkg/ml), amino acids (1X), sodium pyruvate
(Mediaech Cellgro, VA). Cells were incubated at 37 °C in a humidified atmosphere containing 5%
CO..

Results and discussion. Spectral analysis (GC/MS) and thin-layer chromatography (TLC) revealed
the presence of diterpene alkaloids in the chemical composition of the aboveground organs of D.
elisabethae, steroidal alkaloids in S. nigrum, quinolizidine alkaloids in S. japonica, and indole
alkaloids in V. herbacea.

Table 1 presents the dominant alkaloid bases identified in the total alkaloid fractions isolated from
the aboveground vegetative organs of the studied species.

Tablel. Alkaloids identified in the aboveground parts of D. elisabethae, S. nigrum, S. japonica,

and V. herbacea.
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As shown in Table 1, qualitative and quantitative analysis of the aboveground parts of these
species revealed clear differences in alkaloid content. The highest total alkaloid fraction was

observed in D. elisabethae -1.21%, whereas the lowest was found in S. japonica - 0.2%. Among
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the steroidal glycoalkaloids, S. nigrum exhibited 1.0%, whereas V. herbacea - a moderate content
of 0.94%.

Physicochemical properties, such as melting point and optical rotation ([a]D), reflect the features
of the stereochemical configuration and the degree of purity of the alkaloids. Thus,
methyllycaconitine exhibits a positive optical rotation (+49°), whereas V. herbacea alkaloids
exhibit a wide range of [a]D values (from -54° to +14°), indicating the presence of various
stereoisomers in the samples.

Based on the data in Table 1, it can be concluded that representatives of the genera Delphinium
and Vinca are characterized by a high content and diverse array of biologically active alkaloids,
whereas Sophora and Solanum exhibit a narrower but more pronounced profile, emphasizing
their chemotaxonomic and pharmacological significance.

The cytotoxic activity of total alkaloid fractions isolated from the plant samples was assessed by
the inhibitory concentration (ICso), which suppresses cell growth by 50%. Daunorubicin served
as a positive control. According to the results of cytotoxic activity in vitro using the Resazurin
and Hoechst tests, the studied fractions revealed varying degrees of cytotoxic activity depending

on the plant species, assay method, and cell line. The research results are presented in Table 2.

Table 2. In vitro cytotoxic activity of total alkaloid fractions from D. elisabethae, S. nigrum, S.

japonica, V. herbacea, as determined by Resazurin and Hoechst tests (ICso, pg/ml).

Methods
plant Resazurin Hoechst
A-549 DLD-1 WS-1 A-549 DLD-1 WS-1
D. elisabethae | 159+12 pg/ml | >200 pg/ml | >200 pg/ml 92+14 >200 pg/ml >200
pg/ml pg/ml
S. nigrum 38+4 pg/ml 69+5ug/ml | 39+3 pg/ml 37+3 pug/ml | 49+6 pg/ml | 46+5
pg/ml
S. japonica 182+7 pg/ml | 147+8 pg/ml | 11043 pg/ml | 12526 11328 pg/ml | 107+2
pg/ml pg/ml
V. herbacea 18+2 pg/ml 4413 pg/ml | 75+15 pg/ml | 48+12 2945 pg/mlNe | >200
pg/ml pg/ml
Daunorubicin | 0,68+ 0,08 uM | <0,078 pM 0,12+0,02uM | <0,078 uyM | <0,078 uM 0,13+
0,03 pM

According to the data presented in Table 2, the cytotoxic activity of total alkaloid fractions from
D. elisabethae, S. nigrum, S. japonica, V. herbacea varies significantly depending on the plant
species, alkaloid class, and cell line used and also is consistent with the pharmacological
characteristics described in the literature.

The total alkaloid fractions of D. elisabethae exhibited generally low cytotoxic activity, with the
exception of line A-549 according to the Hoechst test (ICso = 92 + 14 pg/ml), ICso values exceeded
200 pg/ml. This activity is probably due to the dominant alkaloids present in the composition of
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the total alkaloid fractions. Modifying extraction conditions, fractionation, or using alternative
purification methods may alter the chemical composition of the total fraction, including the ratio
of minor and major alkaloids, which, in turn, may affect its biological activity profile.

The steroidal alkaloids of S. nigrum demonstrated moderate cytotoxic activity, with ICso values
for all tested lines ranging from 37-69 pg/ml. The similar levels of activity in different cell lines
may suggest that these compounds act on cells through a common mechanism, without showing
pronounced selectivity. Considering the known ability of glycoalkaloids to enhance the
cytotoxicity of several chemotherapeutic agents, further investigation of the potential synergism
of S. nigrum with anticancer drugs seems appropriate.

The total alkaloid fraction of S. japonica containing quinolizidine alkaloids exhibited low
cytotoxic activity, particularly against A-549 cells (ICso = 182 + 7 pug/ml), which is consistent with
literature data on the generally weak cytotoxicity of most quinolizidine bases. However, to
identify the application potential of this fraction, it can be further evaluated in terms of the
antibacterial, antifungal, antioxidant, and neurotropic activities, which, according to the
literature, are characteristic of many quinolizidine alkaloids. In addition, changing the extraction
method and fractionation may enable the isolation of components with more pronounced
cytotoxic activity, which suggests continuation of the research in this direction.

The most pronounced cytotoxic effect was observed for the total alkaloid fraction of V. Aerbacea,
in particular, against the A-549 cell line (Resazurin method) with the lowest value of ICso = 18 +
2 pg/ml, indicating the high sensitivity of cells to this class of alkaloids. According to the Hoechst
test, strong activity was also noted against the DLD-1 cell line (ICso = 29 + 5 pg/ml), further
supporting the potential of V. herbacea compounds against colorectal cells. Taken together, these
findings highlight the pharmacological potential of V. hAerbacea as a promising source of
cytotoxically active natural compounds.

Thus, among the studied objects, the diterpene (D. elisabethae) and quinolizidine (S. japonica)
bases were less active, whereas steroidal alkaloids (S nigrum) demonstrated moderate activity,
and bases belonging to the indole class ( V. hAerbacea) showed the highest cytotoxic potential. The
observed differences correlate well with the chemical nature of the corresponding classes of
alkaloids and can be used for a targeted search for biologically active compounds.

Conclusions. An analysis of the alkaloid composition of the aboveground parts of D. elisabethae,
S. nigrum, S. japonica, and V. herbacea, introduced and growing in Georgia, was conducted in
the study. The compounds belonging to various structural classes of alkaloids, including
diterpene, steroidal, quinolizidine, and indole bases were identified, and their dominant
components were determined using GC/MS and TLC methods.

The obtained total alkaloid fractions exhibited varying degrees of cytotoxic activity in vitro,
depending on the plant species. Of particular interest is V. herbacea, the alkaloid complex of
which demonstrated pronounced cytotoxic effects while showing no toxicity toward normal

cells.
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The results highlight the pharmacological potential of the studied species and indicate the

prospects for further in-depth investigation of individual alkaloids, their mechanisms of action,

and possible areas of application as prototypes of antitumor agents.
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339308 30BsbL  [oMmBmoagbs  Lodomzgwmbo  93M3gwgdo  93gbstnqdols
Delphinium elisabethae N. Busch, Solanum nigrum L., Sophora japonica L. 5 Vinca herbacea

Waldst. et Kit. dofjolbgs bsfowgdol dglfogews 5e350m0gd0L 899339 MdoLs s 500
00MEMYOMEMO 594EH03MdOL Tgx3sLgdolm30L.

Lombyg-Lombmgsbo  gduBHMod3ool 99099 00O SWZHEIMOEIOOL X 5F9dd0
130G™JodoMmHo 33390000  0©I6GHOBOG0MYIMW0s ©OEIM3gbmwo (D. elisabethae),
LEHIOMOEO (8. nigrum), JobmeroBoobol (8. japonica) s 0bEMEOL X130l 3dggd0
(V. herbacea).

In vitro 30&MGH™JLOIMOO 99EH03MdS gxzsLs LY VX Mg bobbg — A-549 (530560l
R0 G300l 39G3E06mads), DLD-1 (Lfim®Mo bsfersgol sqbm3zs®Eobmds) s WS-1 (ssdosbols
B3> m®0 BodOMBELEJd0) Resazurin-obs s Hoechst-ob 9000 900L godmyqbgdoom.

V. herbacea  5>¢035¢0™m0©JO0L X500  godmoMmbgms 933960  godmbodmwo
3oAME™JLo3MM0 dcmgddggdom A-549 s DLD-1 bsbgdbyg, 8sgMsd o6 ogm Gmdbozméo WS-
1 mx69900L 300sM0. S. nigrum x5995 4500585005365 BMI0gMo 5JEH03mds Yzgas HoBob
300s0m, bowm D. elisabethae ©s S. japonica 5¢035¢0Mm0©J00L X599335 {omdmoyobgl

BOLAHO 30GHMEMILOZNO0 9B9IIGO.

Georgian Scientists/Jos®mggwo 393609609d0 ¢. 8 N 1, 2026 | 170



