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Motivation and Aim: A tumor is a pathological process based on unregulated cell 

reproduction [1]. Cervical cancer is a malignant tumor of the mucous membrane of the 

vaginal portion and/or cervical canal. In 2023, malignant neoplasms claimed the lives of 

around 10 million individuals, with prevalent cancers encompassing breast, lung, colon 

and rectum, non-melanoma skin tumors, prostate, stomach, and cervical cancers. 

Cervical cancer, with approximately 16.5 thousand new cases annually in Russia, ranks 

fifth among cancers affecting women. Detection rates in early stages stand at 65% of 

patients, predominantly impacting middle-aged women. The historical use of herbal 

products in medicine, including anticancer drugs, remains significant [2]. Clinical trials 

have demonstrated the efficacy of various natural compounds like alkaloids, terpenes, 

phenols, and flavonoids [3]. Plant-derived substances form a substantial class of 

antitumor drugs, intervening in metabolic processes and enzymes crucial for their 

effects. Plant alkaloids, terpenoids, steroids and their synthetic derivatives, disrupt DNA 

integrity, transcription, repair, and mitosis, halting tumor cell proliferation [4, 5]. This 

report provided some data on the antitumor effects and mechanisms of alkaloids, 

terpenoids and steroids in the context of cervical cancer's hallmarks. A comparative 

analysis efficacy in cervical tumors cell line (C33a) in vitro. The paper provides an 

overview of the anticancer properties In vitro cytotoxic potential in human cell line 

(C33a HPV-negative counterparts), cervical cancer cell effects of derived plant 

alkaloids, terpenoids and steroids, emphasizing their pivotal role in the therapeutic 

landscape against cancer in future. The aim is to study the cytotoxic activity and the 

molecular mechanism of apoptosis-inducing effects of plant terpenoids, alkaloids 

and steroids in human tumor cells. 
Materials: Human cell line cervical cancer (C33a HPV-negative counterparts), 

148 compounds of derivatives of alkaloids, terpenoids and steroids, obtained in the 

laboratory of medical chemistry (No. 13-LMX). (Head of the laboratory, doctor of 

Chemical Sciences, Professor Shults Elvira Eduardovna). A mother (stock) solution of 

compounds at a concentration of 10 mM was obtained by dissolution in dimethyl 

sulfoxide and subsequently stored at -20 °C. FA, CHK, C -are alkaloids, LAN are 

derivatives of anthranilic acid (aromatic compounds), SV, Path - are sesquiterpenoids, 

HC – anthraquinone derivatives, KHAR, PD, PA, PA, – diterpenoids and MM – 
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Spirostanes, diosgenin derivatives (derivatives of steroid compounds). That is, all groups 

of substances are obtained by modification of natural compounds. 

Method: Cytotoxicity analysis of alkaloids, terpenoids and steroids using MTT test 

The cytotoxicity of alkaloids, terpenoids and steroids was evaluated using MTT test on 

potential in human cell line (C33a HPV-negative counterparts), cervical cancer 

carcinoma). According to stander protocol. Analysis of apoptosis by flow cytometry 

According to manufacturer’s protocol. 

Results: Study of the cytotoxic activity of plant derivatives, alkaloids, terpenes and 

steroids testing for cytotoxic activity in tumor cells humans was carried out in cell 

cultures C33a. Quantitative characteristics of cytotoxic activity, GI50, GI80 and GI90, 

as a result, it was discovered that some compounds are more active against 50% and 90% 

growth inhibition in cell lines C33a HPV-negative. C33a HPV-negative (MM-763, MM-

765, MM-770, MM-771, MM-774, MM-775, MM-776, MM-784, MM-786, MM-787, 

MM-788, MM-789, MM-811, SHE-011, SHE052, SHE-022, SHE-027, SHE062, 

SHE078, FA-DM-13-1, FA-6921, FA-DM-648, FA-685, CK-24-11, CK-24-46, CK-28-

84, MM-8092). Studying the ability of the most active compounds of terpenes, alkaloids, 

and steroids to induce apoptosis in C33a HPV-negative cells line in vitro.The 

cytotoxicity assay results obtained in the first phase of this project show high activity of 

a number of alkaloids, terpenes and steroids in suppressing cancer cell growth. We chose 

the most effective method for studying the type of cell death induction - cytometry, to 

search for the most active plant compounds alkaloids and steroids (SHE052, FA-DM-

13-1, CK-24-46, MM-763, MM-771, MM-811) in two concentration GI50, µM, GI90, 

µM. Labeling cells with annexin-FITC markers makes it possible to detect early 

apoptosis (expression of phosphatidylserine in outer leaf of the cytoplasmic membrane 

and binding of annexin to phosphatidylserine) and propidium iodide – late cell death 

(fragmentation of nuclear DNA and penetration of propidium iodide through holes in the 

cytoplasmic and nuclear membranes and binding to the nuclear DNA).  

Annexin V binds to phosphatidylserine. Usually, phosphatidylserine is found only in the 

inner layer of the cell membrane, but at the very beginning of apoptosis, PtdSer 

(phosphatidylserine) is transferred to the outer layer leaf. There it can bind the annexin 

V protein in a Ca2+-dependent manner. Thus, the early apoptosis phase is easily detected 

by cell labeling annexin V-FITC conjugate using flow cytometry (FACS). 

Discussion: It has been reported that natural products steroids, terpenoids and alkaloids 

from plant sources have different biological activity such as antioxidant, anti-

inflammatory or antiproliferative. Many of the reported anticancer effects natural 

compounds also target cellular proteins that play important role in signal transduction, 

apoptosis or cell cycle arrest. Our study reports on exploring the potential 

cytotoxic/antiproliferative activity of 148 secondary compounds metabolites found in 

plants such as alkaloids, steroids and terpenes, in the fight against tumor cells C33a 

HPV-negative. It has been shown that some of these plant-derived compounds have 

different mechanisms for the destruction of cancer cells, such as cell arrest cycle and 

intensification of the process of apoptotic cell death. These discoveries may pave the 

way for the development of new cancer treatments that exploit the therapeutic potential 

of natural compounds. Was found that C33a HPV-negative (Cervical cancer) cells 

exposed to effects of MM-763 and FA-DM-13-1, steroid derivatives, show high 

decreased metabolic activity (MTT test), externalization phosphatidylserine (Annexin-

V). Of the 148 compounds studied from among derivatives of alkaloids, terpenoids and 

steroids, as shown in this work, 27 compounds showed high cytotoxic activity against 
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one or several cancer cell lines (C33a HPV-negative, 2 of these 27 compounds showed 

induction of apoptosis in a cell line (C33a HPV-negative counterparts), cervical cancer 

cell. Cells treated with compounds for (6) hours GI50, µM MM-763,/ FA-DM-13-1 (at 

concentrations of 2.9 µM, 3.5 µM) contained 2.2%, 0.1%, 10.5% / 0.1%,0.1%, 0.5% 

cells in the stage of early apoptosis, respectively and GI90, µM MM-763, FA-DM-13-1 

(at concentrations of 13 µM, 80 µM). contained 1.5%, 1.5%, 10.7% / 55.0% cells in the 

stage of early apoptosis, respectively, for 12 hours GI50, µM MM-763, FA-DM-13-1 (at 

concentrations of 2.9 µM, 3.5 µM) contained 0.3%, 0.4%, 22.0% / 0.4%, 0.4% , 1.4% 

cells in the stage of early apoptosis, respectively and GI90, µM MM-763, FA-DM-13-1 

(at concentrations of 13 µM, 80 µM), contained 2.0%,4.1%,67.1% / 0.6%, 6.7%, 78.5% 

cells in the stage of early apoptosis, respectively, for 24 hours GI50, µM MM-763, FA-

DM-13-1 (at concentrations of 2.9 µM, 3.5 µM), contained 0.4%, 1.0%,70.0% / 0.0%, 

0.0% , 0.7% cells in the stage of early apoptosis, respectively and GI90, µM MM-763, 

FA-DM-13-1 (at concentrations of 13 µM, 80 µM), contained 0.8%, 0.8%, 69.2% / 

0.0%, 0.2%, 48.3% cells in the stage of early apoptosis respectively. 
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