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ORIGINAL ARTICLE

Antiproliferative properties of a new plant alkaloid against cellular colorectal 
cancer cultures 
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E. Yu. Zlatnik1, I. A. Novikova1, I. N. Mironenko1, A. S. Goncharova1, E. A. Dzhenkova1,  
O. N. Burov2, O. I. Kit1 

1 National Medical Research Centre for Oncology, Rostov-on-Don, Russian Federation 
2 Southern Federal University, Rostov-on-Don, Russian Federation
� timofeeva.sophia@gmail.com

ABSTRACT

Purpose of the study. To evaluate the antiproliferative properties of the novel alkaloid (P1) against CRC cell lines HT‑29, Caco‑2, and HCT116.
Materials and methods. CRC cell lines (HCT116, HT‑29, Caco‑2) were used in the experiments. The alkaloid (P1) was isolated from Petasites 
hybridus (L.) G. Gaertn., B. Mey. & Scherb and identified using high-performance liquid chromatography (HPLC) and nuclear magnetic resonance 
spectroscopy (NMR). Cells were incubated with various concentrations of the alkaloid, and cell viability was assessed. Berberine, a well-known 
anticancer alkaloid, served as the reference compound.
Results. The alkaloid (P1) demonstrated pronounced antiproliferative activity across all tested colorectal cancer cell lines – HCT116, HT‑29, 
and Caco‑2. The highest sensitivity was observed in HCT116 cells, with an IC50 value of 15.73 μmol/L after 72‑hour incubation, indicating 
a substantial inhibitory effect on tumor cell proliferation. Comparative analysis showed that (P1) exhibited greater cytostatic efficacy than 
berberine in Caco‑2 (IC50

(P1) = 54.489 ± 8.3 μmol/L vs IC50
(berb) = 193.154 ± 13.1 μmol/L) and HT‑29 cultures (IC50

(P1) = 55.375 ± 7.1 μmol/L vs 
IC50

(berb) = 90.22 ± 8.2 μmol/L).
Conclusion. The findings indicate that the alkaloid (P1) possesses significant antiproliferative potential against colorectal cancer cell lines, 
underscoring its promise as a prospective anticancer agent. Notably, its superior efficacy compared with berberine highlights the relevance of 
further investigation. These results support continued development of (P1) as a basis for novel therapeutic agents. Future work should include 
detailed preclinical and clinical studies to elucidate its mechanism of action, evaluate safety and in vivo efficacy, and optimize pharmacological 
properties for potential clinical application.
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Антипролиферативные свойства нового растительного алкалоида в отношении клеточных 
культур колоректального рака

С. В. Тимофеева1�, С. Ю. Филиппова1, Т. В. Чембарова1, Н. В. Гненная1, И. В. Межевова1, Е. Ю. Златник1, И. А. Новикова1, 
И. Н. Мироненко1, А. С. Гончарова1, Е. А. Дженкова1, О. Н. Буров2, О. И. Кит1 
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РЕЗЮМЕ

Цель исследования. Оценить антипролиферативные свойства нового алкалоида (Р1) в отношении клеточных культур КРР HT‑29, 
Caco‑2 и HCT116.
Материалы и методы. В эксперименте использовались клеточные культуры КРР (HCT116, HT‑29, Caco‑2). Алкалоид (Р1) был выделен 
из Petasites hybridus (L.) G. Gaertn., B. Mey. & Scherb и идентифицирован с помощью методов ВЭЖХ и ядерного магнитного резонанса. 
Клетки инкубировали с различными концентрациями алкалоида и проводили анализ жизнеспособности клеток. Контрольным 
соединением являлся известный алкалоид берберин.
Результаты. В ходе эксперимента алкалоид (Р1) продемонстрировал выраженное антипрофелиферативное действие на все ис-
следуемые клеточные линии колоректального рака – HCT116, HT‑29 и Caco‑2. Наиболее высокая чувствительность была выявлена 
у клеток линии HCT116, где значение IC50 составило 15,73 мкмоль/л при 72‑часовой инкубации, что свидетельствует о значительной 
способности алкалоида подавлять пролиферацию этих опухолевых клеток. Кроме того, при сравнении активности алкалоида (Р1) 
с контрольным соединением – известным противоопухолевым алкалоидом берберином – было установлено, что (Р1) проявляет более 
высокую цитостатическую эффективность в культурах Сасо‑2 (IC50

Р1 = 54,489 ± 8,3 мкмоль/л против IC50
berb = 193,154 ± 13,1 мкмоль/л) 

и НТ‑29 (IC50
Р1 = 55,375±7,1 мкмоль/л против IC50

berb = 90,22 ± 8,2 мкмоль/л).
Заключение. Результаты проведенного исследования демонстрируют, что алкалоид (Р1) обладает выраженными антипролифера-
тивными свойствами в отношении клеточных линий колоректального рака, что свидетельствует о его значительном потенциале 
в качестве противоопухолевого агента. Особенно важно отметить его высокую эффективность в сравнении с известным алкало-
идом берберином, что подчеркивает перспективность дальнейших исследований данного соединения. Эти данные открывают 
новые возможности для разработки инновационных лекарственных препаратов на основе природных соединений. В дальнейшем 
необходимы углубленные доклинические и клинические исследования, направленные на изучение механизмов действия алкалоида 
(Р1), его безопасности и эффективности in vivo, а также оптимизацию его фармакологических свойств для возможного применения 
в клинической практике.

Ключевые слова: колоректальный рак, растительный алкалоид, берберин, цитостатические свойства, клеточные культуры
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BACKGROUND

Cytostatic agents used in oncology represent 
an important class of drugs that play a key role in 
the treatment of various types of cancer, including 
colorectal cancer (CRC) [1]. According to the World 
Health Organization (WHO), the incidence of CRC 
continues to rise, underscoring the need to develop 
new cytostatic compounds with high antiprolifera-
tive activity and low toxicity [2].

In recent years, plant alkaloids have attracted in-
creasing interest due to the established cytostatic 
properties demonstrated by many representatives 
of this group. One of the most extensively studied 
alkaloids, berberine, has shown the ability to inhibit 
cancer cell proliferation and induce apoptosis  [3]. 
Berberine acts on key protein targets within signal-
ing pathways that regulate cell growth, including 
phosphatidylinositol‑3‑kinase (PI3K), protein ki-
nase B (Akt), and the mechanistic target of rapamy-
cin (mTOR) in the PI3K/Akt pathway, as well as Raf 
kinase, mitogen-activated protein kinase (MEK), and 
extracellular signal-regulated kinase (ERK) in the 
MAPK pathway. These mechanisms allow berberine 
to be considered a promising antitumor agent [4].

However, despite encouraging results, berberine 
has several limitations, including low bioavailability 
and potential adverse effects, which may restrict its 
clinical applicability [5, 6]. In this context, the search 
for novel plant-derived alkaloids has become partic-
ularly relevant.

The compound (P1) investigated in our study be-
longs to the class of indole alkaloids and is struc-

turally related to alkaloids isolated from plants of 
the genus Corynanthe sp., known for their analgesic 
and anti-inflammatory properties [7] (Fig. 1)

According to preliminary data, this compound 
demonstrates notable cytostatic effects against 
pancreatic cancer cell lines and non-small cell lung 
adenocarcinoma [8]. Comparing the activity of the 
novel alkaloid (P1) with berberine on CRC cultures 
will allow assessment of its efficacy and potential 
as a therapeutic candidate.

Purpose of the study: to evaluate the antiprolif-
erative properties of the novel alkaloid (P1) against 
CRC cell lines HT‑29, Caco‑2, and HCT116.

MATERIALS AND METHODS

Dried and powdered rhizomes of P. hybridus (L.) 
were placed in a Soxhlet extractor; 250 mL of tetra-
chloroethylene (C2Cl4) was added to the extraction 
flask. Extraction was carried out under heating in 
the Soxhlet apparatus with a  reflux condenser for 
24 hours. After extraction, tetrachloroethylene was 
distilled off from the resulting 250 mL mixture, leav-
ing 5 mL of extract in the distillation flask. The con-
centrated solution was applied to a chromatograph-
ic column packed with silica gel (SiO2·xH2O). The 
eluents used sequentially were C2Cl4, CH2Cl2, and 
a CH2Cl2/ EtOH mixture at a ratio of 10:1.

The structure of the isolated alkaloid (P1) was 
confirmed by nuclear magnetic resonance spec-
troscopy (¹H and ¹³C NMR)  [3]. After purification, 
the alkaloid was dissolved in dimethyl sulfoxide 
(DMSO) (Biolot, Russian Federation) to prepare 
a stock solution at a concentration of 8.8 mmol/L. 
A stock solution of berberine (25 mmol/L) was sim-
ilarly prepared in DMSO from dry berberine chloride 
(Sigma-Aldrich, USA).

The experiment utilized CRC cell lines HT‑29, 
Caco‑2, and HCT116 obtained from the Cell Cul-
ture Collection of the Institute of Cytology, Russian 
Academy of Sciences (St. Petersburg, Russian Fed-
eration), as well as peripheral blood mononuclear 
cells (PBMCs) collected from healthy donors. Can-
cer cell lines were seeded at 5,000 cells per well 
in 96‑well plates using complete culture medium 
(CCM) DMEM (Servicebio, China) supplemented 

Fig. 1. Structural formula of compound (P1) isolated from 
Petasites hybridus (L.) G.Gaertn., B.Mey. & Scherb.

Chemical Formula: C20H30N2

Molecular Weight: 298,4740
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with 10 % fetal bovine serum (Gibco, USA), 1 % glu-
tamine (Biolot, Russia), 1 % non-essential amino ac-
ids (Biolot, Russia), and 1 % penicillin-streptomycin 
(Biolot, Russia). After cell adhesion, the medium 
was replaced with CCM containing the tested al-
kaloids in serial twofold dilutions: 125  μmol/L 
to 10.12  μmol/L for berberine, and 44  μmol/L to 
0.34 μmol/L for the novel alkaloid (P1). Cells were 
incubated for 24 and 72 hours at 37 °C in an atmo-
sphere of 5.0 % CO2. Multiple dilutions of berberine 
were tested in preliminary experiments, allowing 
us to determine the optimal concentrations for this 
study [9, 10].

PBMCs from healthy donors were obtained from 
venous blood collected in EDTA tubes (MiniMed, 
Russian Federation). On the day of collection, the 
blood was diluted 1:1 with RPMI 1640 medium 
(Servicebio, China) and layered onto Ficoll (Biolot, 
Russia), followed by centrifugation for 30 minutes 
at 730 g. The PBMC ring at the phase interface was 
carefully collected and transferred into a separate 
tube. The isolated PBMCs were washed once with 
RPMI 1640, counted, and seeded at 5,000 cells per 
well in 96‑well plates in RPMI 1640 supplemented 
with 10 % fetal bovine serum. The alkaloid (P1) 
was added in serial twofold dilutions (44  μmol/L 
to 0.34  μmol/L), and the cells were incubated for 
72 hours at 37 °C in an atmosphere of 5.0 % CO2.

After incubation, both adherent cancer cell lines 
and PBMCs were stained using a mixture of nucle-
ar dyes Hoechst 33342 (1 mg/mL) (ThermoFisher, 
USA) and ethidium bromide (10 mg/mL) (Service-
bio, China) for direct counting of live and dead cells. 
Visualization was performed using a  LionheartFX 
imager (BioTek, USA), and nuclear quantification 
was carried out using Gen5 software (BioTek, USA). 
Cell viability was calculated as the percentage of 
live cells in treated wells relative to untreated con-
trols. Each experimental condition was plated in 8 
replicates, and each experiment was repeated three 
times. Results are expressed as mean ± SD.

Statistical significance between mean viability 
values was assessed using the Student’s t-test with 
Bonferroni correction. Dose–response curves and 
half-maximal inhibitory concentration (IC50) values 
were calculated using the online tool IC50 Calcula-

tor (“Quest Graph™ IC50 Calculator.” AAT Bioquest, 
Inc., 13 Feb. 2025, https://www.aatbio.com/tools/
IC50‑calculator).

STUDY RESULTS

The study demonstrated that the alkaloid 
(P1) exhibits a  selective antiproliferative effect 
against the tested malignant cell lines. Incuba-
tion with 44 μmol/L of (P1) for 72 hours resulted 
in a > 30‑fold increase in the number of dead cells 
relative to untreated controls in the HCT116 cul-
ture, a 7.55‑fold increase in Caco‑2, and a 6.37‑fold 
increase in HT‑29, which was significantly higher 
than in PBMCs from healthy donors at the same 
concentration (2.5‑fold) (Fig. 2A). A  decrease in 
the concentration of the tested compound (P1) 
was accompanied by a reduction in the magnitude 
of differences between malignant and normal cell 
cultures. Thus, incubation with 22 μmol/L (P1) re-
sulted in significantly higher levels of cell death 
in two cultures – HCT116 (7.59‑fold) and Caco‑2 
(3.41‑fold) – compared to PBMCs (2.03‑fold), 
whereas no significant difference was observed 
in HT‑29 (2.22‑fold). Finally, at 11 μmol/L, a signif-
icant difference remained only between PBMCs 
(1.09‑fold) and Caco‑2 (1.72‑fold).

The cytostatic activity of alkaloid (P1) against 
CRC cultures varied within a  relatively narrow 
range. After 24 hours of exposure, the half-max-
imal inhibitory concentration (IC50) was lowest 
for HCT116 cells (IC50 =  51.98  ±  4.8  μmol/L) and 
highest for HT‑29 (IC50  =  55.375  ±  7.1  μmol/L). 
After 72  hours, HCT116 again showed the low-
est IC50 value (15.73  ±  3.2  μmol/L), whereas 
the highest value was observed in Caco‑2 cells 
(IC50  =  32.505  ±  9.2  μmol/L), with HT‑29 showing 
a  similar response (IC50 =  29.075  ±  7.4  μmol/L). 
Across all cell lines, the dose–response curves 
demonstrated a hormetic effect – an increase in cell 
viability at low concentrations of alkaloid P1. At 24 
hours, hormesis was observed in HCT116 and HT‑29 
cultures (Figs. 2C, 2D), whereas in Caco‑2 cells the 
effect was more pronounced at 72 hours (Fig. 2B).

The sensitivity of the CRC cell lines to the an-
tiproliferative effects of berberine varied across 
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Fig. 2. Antiproliferative and cytostatic effects of alkaloid (P1). A – comparison of the antiproliferative activity of berberine and 
alkaloid (P1) against CRC cell cultures and PBMCs from healthy donors, 72 h exposure; B – dose–response curves for Caco‑2;  
C – dose–response curves for HCT116; D – dose–response curves for HT‑29.
* – the difference between CRC and PBMC values at the corresponding (P1) concentration is statistically significant, p < 0.05. 
PBMC – peripheral blood mononuclear cells.
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a  broader range than in the assays with (P1). 
At 24‑hour exposure, the IC50 for berberine was low-
est in HCT116 (IC50 = 7.43 ± 2.4 μmol/L) and highest 
in Caco‑2 (IC50 = 193.154 ± 13.1 μmol/L), with inter-
mediate values in HT‑29 (IC50 = 90.22 ± 8.2 μmol/L). 
At  72 hours, the lowest IC50 remained in HCT116 
(IC50  =  4.94  ±  1.2  μmol/L), while the highest IC50 
was observed in HT‑29 (IC50 = 26.269 ± 4.5 μmol/L), 
with values in Caco‑2 being similar 
(IC50 = 23 ± 3.1 μmol/L).

A direct comparison of the antiproliferative prop-
erties of the two alkaloids showed that at 24 h expo-
sure, (P1) exhibited stronger cytostatic activity than 
berberine in Caco‑2 
(IC50

(P1) = 54.489 ± 8.3 μmol/L vs 
IC50

(berb) = 193.154 ± 13.1 μmol/L) (Fig. 2B) 
and HT‑29 (IC50

(P1) = 55.375 ± 7.1 μmol/L vs 
IC50

(berb) =  90.22 ± 8.2 μmol/L) (Fig. 2D). 
In HCT116, the opposite pattern was observed: ber-
berine demonstrated markedly higher potency, with 
an IC50 nearly one order of magnitude lower 
(IC50

(P1) = 51.98 ± 4.8 μmol/L vs 
IC50

(berb) = 7.43 ± 2.4 μmol/L). 
With prolonged exposure (72 h), IC50 values for both 
alkaloids converged in Caco‑2 and HT‑29: Caco‑2: 
IC50

(P1) = 32.505 ± 9.2 μmol/L vs
IC50

(berb) = 23 ± 3.1 μmol/L. 
HT‑29: IC50

(P1)  = 29.075 ± 7.4 μmol/L vs 
IC50

(berb) =  26.269 ± 4.5  μmol/L. 
In HCT116, the higher sensitivity to berberine re-
mained evident 
(IC50

(P1) = 15.73 ± 3.2 μmol/L vs 
IC50

(berb) = 4.94 ± 1.2 μmol/L).

DISCUSSION

The findings of this study indicate that the al-
kaloid (P1), isolated from Petasites hybridus (L.) 
G. Gaertn., B. Mey. & Scherb., induces dose-depen-
dent cell death in several colorectal adenocarcino-
ma cell lines. Its cytostatic effect is influenced not 
only by concentration but also by exposure time, 
with the strongest effect occurring after 72 hours of 
incubation.

Among the tested lines, HCT116 demonstrated 
higher sensitivity to both (P1) and berberine com-

pared with Caco‑2 and HT‑29. This highlights the 
importance of selecting appropriate cell lines for as-
sessing the activity of novel anticancer agents, giv-
en the notable inter-line variability in drug response.

The CRC lines studied have distinct molecular 
and metabolic features that likely underlie their 
differing sensitivities to (P1) and berberine. For 
example, HCT116 is more sensitive than HT‑29 
to FOLFOX chemotherapy and hypoxia, possi-
bly due to the absence of p53 loss in HCT116, 
whereas HT‑29 carries a  p53 deficiency and dis-
plays microsatellite instability  [11]. Caco‑2 cells 
lack activating mutations in KRAS, NRAS, BRAF, 
and PIK3CA and are resistant to cetuximab  [12]. 
Their capacity for enterocyte-like differentiation is 
strongest among the three lines and often used in 
drug absorption studies rather than tumor model-
ing [13, 14].

HCT116 is highly aggressive, poorly differentiat-
ed, and enriched in cancer stem cell-like subpopula-
tions [15]. It exhibits MDR1 overexpression and as-
sociated chemoresistance linked to NOX and Nrf2 
gene activity  [16]. Molecularly: HCT116 harbors 
KRAS codon 13 mutations; HT‑29 expresses KRAS, 
APC, and BRAF V600E [12, 17].

Thus, differences in response to (P1) and berber-
ine may reflect variations in KRAS, TP53, and MLH 
gene status, which regulate RAS/RAF/MAPK and 
PI3K/Akt/mTOR signaling, cell cycle progression, 
apoptosis, and DNA repair [18, 19].

Berberine, widely recognized for its antitumor 
activity, also demonstrated substantial cytostatic 
effects against CRC cells. Its mechanism of action 
includes inhibition of enzymes involved in glucose 
and lipid metabolism, as well as modulation of sig-
naling pathways such as the AMPK pathway  [20]. 
Studies have shown that berberine can induce 
apoptosis through caspase activation and suppres-
sion of protein kinases [21].

We compared our findings on berberine with 
results reported by other international research 
groups, as the cytostatic activity values (IC50) ob-
tained in our study varied within a broad range. In 
several studies, depending on the exposure time, 
IC50 values for berberine in HT‑29 cells ranged from 
34.6 to 52.37 ± 3.45 µM [22, 23], while in HCT116 
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cells they ranged from 31 to 55.27 µM [24–26]. At 
these concentrations, berberine reduced the expres-
sion of aquaporins 1, 3, and 5 and increased PTEN 
expression in HT‑29, SW‑480, and HCT116 cultures. 
Upregulation of PTEN contributed to suppression of 
the PI3K, AKT, and mTOR signaling pathways, lead-
ing to enhanced apoptosis in CRC cells and reduced 
migratory capacity – findings consistent with those 
reported by other researchers [23].

An important aspect relevant to our study is the 
previously documented sensitivity of HCT116 cells to 
several plant-derived compounds. For example, their in 
vitro growth is inhibited by flavopiridol – a compound 
developed from a  natural molecule through substitu-
tion of a  flavonoid moiety with a  nitrogen-containing 
heterocyclic alkaloid. Flavopiridol has been shown to 
inhibit CDK9 kinase and exhibit antitumor activity in 
lymphoproliferative disorders. In recent years, HCT116 
cells have also demonstrated sensitivity to a number of 
additional plant-derived and synthetic compounds [26–
28]. In the study by Parry R. A. et al., various fractions 
obtained from extracts of Alcea rosea were tested, and 
HCT116 cells exhibited greater sensitivity to these frac-
tions in an MTT assay compared with HT‑29 cells [29].

Our findings support the hypothesis that the nov-
el plant alkaloid (P1) exerts markedly greater effica-
cy against CRC cells compared with berberine.

CONCLUSION

The novel alkaloid (P1), isolated from Petasites 
hybridus (L.) G.Gaertn., B.Mey. & Scherb, demon-
strates clear dose-dependent cytostatic activity 
against colorectal cancer (CRC) cell cultures, while 
exerting minimal effects on peripheral blood mono-
nuclear cells (PBMCs). Among the tested cell lines, 
HCT116 exhibited the highest sensitivity to P1. The 
results of this study indicate that the new plant-
derived alkaloid (P1) is markedly more effective 
and possesses strong antiproliferative potential 
against CRC cells.

Thus, the findings highlight the relevance of P1 
as a  promising candidate for the development of 
new therapeutic strategies against colorectal can-
cer. However, further research is required to draw 
definitive conclusions, including comprehensive 
evaluation of its toxicity, pharmacokinetics, and 
mechanism of action.
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