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Abstract: natural alkaloids of Chelidonium majus L., Colchicum autumnale L. and Catharanthus
roseus (L.) G.Don are anticancer agents. Some of them, such as colchicine, vincristine and vinblas-
tine, are used in modern medicine, as chemotherapy medicines against malignant neoplasms, some of
them are effective supplement to conventional methods or works to prevent cancer onset (chelidonine,
sanguinarine, chelerythrine, protopine and allocryptopine). The effect of mitotic poisons that are al-
kaloids of Colchicum autumnale colchicine, Catharanthus roseus vincristine and vinblastine against
malignant neoplasms began to be studied in the last century, the fact of mitotic spindle violation is giv-
en in a large number of works. However, the mechanisms of apoptosis under their influence have been
little studied. The alkaloids of Chelidonium majus and Vinca minor L. have been much less studied,
both in clinical studies and experimental ones, including insufficiently researched their anti-prolifera-
tive action, the ability to cause apoptosis and its possible mechanism. The research of apoptosis mech-
anisms caused by natural antitumor agents, will allow creating more effective and saving medicines
based on the active ingredients of plant raw materials in the future. The aim of the paper was the anal-
ysis of the effect of the main alkaloids of Chelidonium majus, Colchicum autumnale, Catharanthus
roseus and Vinca minor on malignant neoplasms and the mechanisms of such an influence with the
help of analytic review of foreign and Ukrainian literature for the period 2002-2023 using medical
database PubMed. The researched data obtained on cell lines, laboratory animals (in vitro) and clinic
studies were analyzed. According to the analysis of the literature of recent years, the cytotoxic and
anti-proliferative effects of natural alkaloids of Chelidonium majus chelidonine, Colchicum autum-
nale colchicine, Catharanthus roseus vincristine and vinblastine and Vinca minor vincamine on ma-
lignant neoplasms can be considered proven. Colchicine caused apoptosis in high doses, chelidonine,
on the contrary, caused apoptosis of malignant cells in relatively low doses, in large doses it caused
autophagy. The signaling pathways of apoptosis mechanisms of malignant cells under the influence
of chelidonine, colchicine, vincristine, vinblastine and vincamine are much less studied and require
additional research. Most of the results support the mitochondrial pathway, but there is a view in _favor
of the receptor-mediated pathway. The medicine, which contained alkaloids of Chelidonium majus,
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showed a positive effect when used in combination with conventional antitumor therapy. Chelidonium
majus and Vinca minor alkaloids are candidates for their use in antitumor therapy, but clinical studies

of these agents are insufficient.

Keywords: Neoplasms, Colchicine, Vincamine, Vincristine, Vinblastine, Chelidonium majus,

Chelidonine

Introduction

Malignant neoplasms are one of the most
significant causes of death from diseases in the
world (Dhyani, Quispe & Sharma, 2022; Sharifi-
Rad, Quispe & Butnariu, 2021; Sharifi-Rad,
Quispe & Patra, 2021).

Medicinal plants containing alkaloids are used
in phytotherapy in different countries to prevent
tumors onset (Dhyani et al, 2022; Gilca, Gaman
& Panait, 2010; Hossain, Quispe & Saikat, 2022;
Koklesova, Liskova & Samec, 2020) and with
combination together with conventional therapies
of neoplasms (Ernst & Schmidt, 2005; Gansauge,
Ramadani & Pressmar, 2002; Gilca et al, 2010;
Kopanpuayk, I'yns ta Jlyukis, 2006). Colchicine,

vincristine, vinblastine and their synthetic
derivatives are medicines of modern chemotherapy.
Among the medical plants containing

alkaloids, the most noteworthy are Chelidonium
majus L, Colchicum autumnale L, Catharanthus
roseus (L.) G.Don and Vinca minor L. The effect
of mitotic poisons that are alkaloids by Colchicum
autumnale colchicine and Catharanthus roseus
vincristine and vinblastine against malignant
neoplasms began to be studied in the last century,
the fact of mitotic spindle violation is given in a
large number of works. However, the mechanisms
of apoptosis under their influence have been little
investigated. The alkaloids of Chelidonium majus
and Vinca minor have been much less studied,
both in clinical studies and experimental ones,
including insufficiently researched their anti-
proliferative action, the ability to cause apoptosis
and its possible mechanism.

The research of apoptosis mechanisms caused
by natural antitumor agents, will allow creating
more effective and saving medicines based on the
active ingredients of plant raw materials in the
future.

Aim

To analyze the influence of the chelidonine,
sanguinarine, chelerythrine, protopine and allo-

cryptopine contained in Chelidonium majus;
colchicine contained in Colchicum autumnale;
vincristine and  vinblastine contained in
Catharanthus roseus; vincamine contained in
Vinca minor on malignant neoplasms and the
mechanisms of these agents’ effects reflected in
modern scientific literature.

Materials and methods

Analytical review of Ukrainian and foreign
literature for the period 2002-2023, which is
dedicated to the effect of Chelidonium majus,
Colchicum autumnale, Catharanthus roseus,
Vinca minor and/or their main alkaloids on
malignant neoplasms and the mechanisms of such
an influence with the help of medical database
PubMed.

Review and discussion

Greater celandine (Chelidonium majus L.),
Papaveraceae Family. Celandine herb contains
three main subgroups of isoquinoline alkaloids:
with  protoberberine (berberine, coptisine),
protopine  (protopine, allocryptopine) and
benzophenanthridine (chelidonine, chelerythrine,
sanguinarine) structures. Alkaloids in celandine
exist both in the free and in the chelidonic acid-
bound state. There are also flavonoids, ascorbic
acid, carotenoids, organic acids and other
biologically active substances in small quantities
(Hamryrina, 2003). Among all

celandinealkaloids,themostbiologicallyactive
are isoquinoline alkaloids, benzophenanthridine
subgroup and especially, chelidonine, is the most
effective (Havelek, Seifrtova & Kralovec 2016;
Noureini & Esmaili, 2014).

According to Habermehl, Kammerer &
Handrick, (2006) drug Ukrain, which included
alkaloids of Chelidonium majus chelidonine,
sanguinarine, chelerithrine, protopine and
allocryptopine, is an inducer of malignant cells
apoptosis. The drug caused depolarization of the
mitochondrial membrane and caspases activation.
This process is shown in Figure 1.
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Figure 1. The probable scheme of malignant
cells apoptosis under celandine alkaloids with the
participation of intrinsic (mitochondrial) pathway.
Depolarization of mitochondrial membrane causes
cytochrome C releasing from mitochondria, which,

together with Apaf-1 (Apoptotic peptidase activating
factor 1) and procaspase -9 form apoptosome.
Apoptosome activates caspase-9. the last can also
be activated by procaspase-9. Activated caspase-9
activates caspase-3, which destroys inhibitor of
DFF (DNA fragmentation factor). DFF activates
CAD (caspase-activated DNase). CAD is an enzyme
destroying DNA, which in turn leads to the final
stage of apoptosis.

Caspase-8 and FADD (Fas-associated Death
Domain) are two important signaling molecules
of the death receptors apoptosis pathway. It was
reported that Ukrain-induced apoptosis did not
require the presence of caspase-8 and FADD,
expression of the caspase-8 inhibitor cFLIP-L
(cFLIP — cellular FADD-like interleukin-1 conver-
ting enzyme (FLICE) inhibitory protein) or
resistance to the death receptor ligands failed to
inhibit Ukrain-induced apoptosis. This indicates
a signaling pathway independent of the death
receptor (Habermehl et al, 2006). At the same
time, broad-spectrum caspase inhibitor zZVAD-fmk
blocked drug-induced cell death. The authors also
noted the participation of Bel-2 (B-cell lymphoma/
leukemia-2), which are regulatory proteins
exactly of mitochondrial pathway of apoptosis
(Habermehl et al, 2006; Papaliagkas, Anogianaki
& Anogianakis, 2007). Both pathways, extrinsic
(death receptors) and intrinsic (mitochondrial)
with the expression of caspase-8 inhibitor cFLIP
and the resistance to death receptors are shown in
the Figure 2.
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Figure 2. The probable scheme of malignant
cells apoptosis under celandine alkaloids with the
participation of extrinsic pathway and intrinsic
(mitochondrial) pathways with the expression of
procaspase-8 inhibitor and death receptors resistance.
The expression of procaspase-8 inhibitor (FLIP,
green color) causes the impossibility of caspase
cascade activation from procaspase-8 to caspase-7.
The same result takes place under death receptor
resistance. The failed ways are shown with red.
In spite of it, the apoptosis is possible. Apaf-1
-Apoptotic peptidase activating factor 1 DFF - DNA
fragmentation factor) CAD -caspase-activated
DNase)

The drug Ukrain, produced from Celandine, in
combination with conventional antitumor treatment
increased the survival of patients with pancreatic
cancer (Gansauge et al, 2002). Its therapeutic effect
on a number of malignant neoplasms is noted,
while the methodological basis of most clinical
studies was insufficient (Ernst & Schmidt 2005).

Among the alkaloids of Chelidonium majus,
chelidonine is most studied. It induces apoptosis of
cancer cells (Havelek, Seifrtova & Kralovec 2016;
Noureini & Esmaili, 2014; Noureini & Wink, 2009;
Paul, Bishayee & Ghosh, 2012; Kamincekwuii B.O.,
2006;), including human lymphoma cells and works
against this neoplasm together with other alkaloids,
which are sanguinarine, chelerithrine and coptisine
(Kamincrkwuii B.O., 2006). Chelidonine also induces
apoptosis of MCF-7 breast cancer cell line (MCF-
Michigan Cancer Foundation, MCF-7 is breast
adenocarcinoma cell line) (Noureini & Esmaili,
2014), HeLa cells (HeLa is cervical cancer cell
line), (Paul et al, 2012), leukemic T-cells (Havelek
et al, 2016), human ovarian cancer cells (Shen,
Lee & Joo, 2022). Apoptosis is not the only way
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of chelidonine cytotoxic action, it is noted that
chelidonine induces apoptosis at low doses in
MCEF-7 breast adenocarcinoma cells, but at high
doses, it causes autophagy of this type of cancer
cells (Noureini & Esmaili, 2014). There are studies
of apoptosis's mechanisms caused by chelidonine
alone. Kamincekiii (2006) notes that the induction
of apoptosis was carried out at mitochondrial
level. The author also suggests that the induction
of lymphoma cells apoptosis under the influence of
chelidonine can be carried out with the involvement
of caspase-9 and caspase-8, the last one takes
part in receptor-mediated pathway of apoptosis
(Kamincekmit B.O., 2006). Caspases participate
in two different pathways of apoptosis: extrinsic,
mediated through death receptors and subsequent
activation of caspase-8, and intrinsic, mitochondrial
pathway through activation of caspase-9 (Wen,
Lin & Liu 2012). At the same time, caspase-8,
which is formed at extrinsic pathway, can also
activate the intrinsic pathway through Bid (Bid
is proapoptic BH3 domain bcl2), that is, through
a proapoptic member of the protein family bcl-2.
Moreover, there are ways for caspase-8 activation
without death receptors (Wen et al, 2012). These
apoptic ways are shown in Figure 3. Taking into
consideration the most scientific data, we suggest
these mechanisms are to be the most probable.

Figure 3. The probable scheme of malignant
cells apoptosis under celandine alkaloids with the
participation of extrinsic pathway and intrinsic
(mitochondrial) pathways without death receptors
participation. Apaf-1 -Apoptotic peptidase activating
factor 1 DFF - DNA fragmentation factor) CAD
-caspase-activated DNase) Bid, Bax, Bad -
proapoptic proteins
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The participation of both caspase-8 and
caspase-9 is confirmed by Havelek et al (2016).
Data by Kamincekuii (2006) and Havelek et al
(2016) partially contradict the data by Habermehl
et al. (2006), who proved the insignificance of
caspase-8 expression in apoptosis under the
influence of drug Ukrain.

In favor of mitochondrial pathway of the
effect of chelidonine, data on the disappearance
of the mitochondrial membrane potential indicate
(Havelek et al, 2016; Paul et al, 2012). Cell cycle
arrest (Havelek et al, 2016; Noureini & Wink,
2009; Paul et al, 2012), DNA fragmentation (Paul
et al, 2012) under the influence of chelidonine
and inhibition of telomerase in submicromolar
concentrations of chelidonine (Noureini & Esmaili,
2014) are also noted. These data support Noureini
& Wink, (2009), who reported that low doses
of chelidonine caused a decrease in telomerase
activity.

The study of signaling pathways in Hela
cells showed that chelidonine could effectively
induce apoptosis due to the expression of genes
encoding p38, p53 and other proapoptic genes
and suppressing the expression of Protein kinase
B (AKT), phosphatidylinositol 3-kinases (PI3K),
Janus kinase 3 (JAK3), signal transducer and
activator of transcription 3 (STAT3), oncoproteins
E6 and E7, and anti-apoptotic genes (Paul et al,
2012).

Autumn crocus (Colchicum autumnale L),
Colchicaceae family. All parts of the plant contain
alkaloids: colchicine and colchamine. Colchicine
has significant anti-proliferative activity (Li, Hu &
Pu, 2022), it inhibited sufficiently proliferation and
induced apoptosis by modulating the expression
level of several genes and carried out anticancer
effect on human breast adenocarcinoma MCF-
7 and mouse breast cancer cell line 4T1 (Adham
Foumani, Irani & Shokoohinia, 2022). The
authors suggest that colchicine may be a potential
candidate for the prevention and treatment of
breast cancer. A serious drawback of colchicine,
which limits its use in effective doses, is toxicity
(Lin, Yeh & Huang, 2021), however, a currently
synthesized colchicine-magnolol hybrid inhibited
the growth of lung carcinoma cells (Li et al,
2022). Colchicine works primarily by inhibiting
microtubule polymerization (Dhyani et al, 2022),
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which in turn, affects numerous cellular processes,
namely: maintenance of shape, signaling, division,
migration, and cellular transport (Angelidis,
Kotsialou & Kossyvakis, 2018). In addition to
its effect on microtubule polymerization, which
is anti-proliferative, colchicine also induces
apoptosis. Chen et al, (2012) believe that apoptosis
under the action of colchicine is carried out through
the intrinsic, i.e. mitochondrial, pathway. A
decrease of the mitochondrial membrane potential,
activation of caspase-3 and -9, an increase of Bax
(BCL2 associated X protein, apoptosis regulator)
and a decrease of Bcl-2 were shown (Chen et al,
2012). According to these data, this mechanism is
similar to the one shown in Figure 3 for celandine
alkaloids.

Pink periwinkle (Catharanthus roseus (L.)
G.Don), Apocynaceae Family

Pink periwinkle herb contains up to 60 alkaloids,
several of them are important. Catharanthus roseus
alkaloids were among the first plant alkaloids to
be developed as anticancer drugs for humans.
Currently, they are divided into the first generation
drugs (vincristine, vinblastine), the second
generation (semi-synthetic derivatives (vindesine)
and the third generation ones (vinorelbine,
vinflunine) (Arora & Menezes, 2021). They are
mitotic poisons, specific antitubulin remedies.
Vinblastine is used as an antitumor chemotherapy
drug (Haque, Rahman & Faizi, 2018), including in
the treatment of Hodgkin lymphoma, non-Hodgkin
lymphoma, breast cancer, Kaposi’s sarcoma,
prostate cancer, acute lymphoblastic leukemia
and nephroblastoma (Dhyani et al, 2022), as well
as in veterinary practice in the chemotherapeutic
treatment of mastocytoma in dogs (Macedo, de
Queiroz & Casagrande, 2022; Ossowska, Picornell
& Finotello 2023; Stiborova, Treggiari & Amores-
Fuster, 2019; Todd, Nguyen & White, 2021).

Vincristine is used as a chemotherapy remedy
in the treatment of leukemia, lymphoma, myeloma,
breast cancer (Dhyani et al, 2022), especially
non-Hodgkin lymphoma (Skubnik, Pavli¢kova &
Ruml, 2021).

The mechanism of pink periwinkle alkaloids is
the following: inhibition of tubulin polymerization
in low doses, tubulin polymerization is necessary
for the formation of the mitotic spindle during
the metaphase of the cell cycle; in high doses,
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pink periwinkle alkaloids cause cell cycle arrest
and apoptosis. (Arora & Menezes, 2021). The
mechanism of action on microtubules is similar
to that of colchicine, with tubulin having three
binding domains: paclitaxel, Catharanthus roseus
alkaloids and colchicine domains. (Cheng & Feng
(2020)

Small periwinkle
Apocynaceae Family

Vincamine, an alkaloid of Vinca minor, is used
as a dietary supplement and vasodilator. Al-Rashed,
Baker & Ahmadl, (2021) have demonstrated for
the first time the possibility of using vincamine
as an antitumor agent on the adenocarcinoma cell
line A549 of human alveolar basal cell epithelium.
Vincamine stimulated caspase-3-dependened
apoptosis and reduced mitochondrial membrane
potential, stimulated the release of cytochrome
C. The non-toxicity of vincamine was shown on
non-tumorigenic cell lines - BEAS-2B (human
bronchial epithelial cell line) and 3T3-L1 (cloned
cell line from a mouse embryo) (Al-Rashed
et al, 2021). The release of cytochrome C and
decreased mitochondrial membrane potential,
which were researched by Al-Rashed et al. (2021),
are indicators of the intrinsic signaling pathway
of apoptosis. This way is shown in Figure 1. It is
significant that one study proved the apoptosis of
malignant cells and the absence of toxicity of the
drug for healthy cells.

Conclusions

According to the analysis of the literature of
recent years, the cytotoxic and anti-proliferative
effects of natural alkaloids of Chelidonium majus
chelidonine, Colchicum autumnale colchicine,
Catharanthus roseus vincristine and vinblastine
and Vinca minor vincamine on malignant cells can
be considered proven.

Colchicine caused apoptosis in high doses,
chelidonine, on the contrary, caused apoptosis of
malignant cells in relatively low doses; in large
doses it caused autophagy.

The signaling pathways of apoptosis
mechanisms of malignant cells under the influence
of chelidonine, colchicine, vincristine, vinblastine
and vincamine are much less studied and require
additional research. Most of the results support the
mitochondrial pathway, but there is a view in favor
of the receptor-mediated pathway.

(Vinca minor L.),
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The medicine, which contained alkaloids of
Chelidonium majus, showed a positive effect when
used in combination with conventional antitumor
therapy.

Chelidonium majus and Vinca minor alkaloids
are candidates for their use in antitumor therapy,
but clinical studies of these agents are insufficient.
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Anomauia: npupooui anxanoiou Yucmominy eenukoeo, Iliznboysimy ocinnboeo ma bap8iHky
POIHCEB020 € NPOMUNYXTIUHHUMU 3ACOOAMU, SIKI BUKOPUCTOBYIOMbCA Y CYHUACHIU MEOUYUHI K npenapamu
Ximiomepanii 3108KICHUX HOB0YMBOpeHb (KOIXIYUH, BIHKPUCMUH, GIHONACMUH), THOOI AK ehekmusHe
OONOBHEHHA 00 KOHBEHYINHUX MemoOi8 NKYBAHHA ma AK 3aco0u, wo NONnepeotcaomv 6UHUKHEHHS
HOBOYMBOPEHb (XeNIOOHIH, CAH2BIHAPUH, XellepUMPUH, NPOMONIH MA AIOKPUNMONIK). Bniue «mimosnux
ompymy, ankanoioie Ilisnvoysimy ocinnvozco xoaxiyuny, bapeinky poowcesozo einkpucmuny ma
BIHONACUNY HA 3M0AKICHI HOBOYMBOPEHHANOYAB BUBHAMUCA Uje Y MUHYLOMY CIONIMmI, hakm nopyuieHHs
MIMOMUYHO020 BepemeHd HABeOeHUll Y 8eUKIll KIIbKOCmI poOim, npome MexaHizmu anonmosy nio ix
gnausom eugueni mano. Llle nabacamo menw eusyeri anxanoiou Yucmominy genuxoeo ma bap8inky
Manozo, SIK y KAHIYHUX OOCHIONCEHHAX, MAaK I eKCNepUMEHMANbHUX, V MOMY YUCTI He0OCmAmHbO
00CiOMHCeHT aHmunponighepamuena 0is, 30amMHICMb BUKIUKAMU ANONMO3 MA 1020 MONCIUBL MEXAHIZMU.
Hocniosicenns mexanizmie anonmosy, wjo CHPUYUHEHUL NPUPOOHUMU NPOMUNYXIUHHUMU 3ACOOAMU,
0038071UMb Y MAUOYMHLOMY CIMEopumu Oinbu e(hekmueni ma Oe3neuni IiKkapcoyKi npenapamu Ha 0CHOBI
OI04UX PeuoB8UH POCIUHHOI cuposuru. Memoro docriodcenns 6y8 aHanis 6naugy 20108HUX AIKAI0I0I8
Chelidonium majus L, Colchicum autumnale L, Catharanthus roseus (L.) G.Don ma Vinca minor L.
HA 30SKICHI HOBOYMBOPEHHSA MA MEeXAHI3MU MAaAKo20 6Nau8y, 3a OONOMO20K0 AHANIMUYHO20 02140V
VKPAiHCbKOi ma iHo3eMHoi 1imepamypu, 30iliCHEH020 3a 00NOMO20I0 MeduyHOoi Haykosoi bazu PubMed 3a
2002-2023 poxu. Ananizysanucs 0ami 00CHioNceHb Ha KITMUHHUX TIHIAX, 1A00PaAmMOPHUX MEapuHax (in
Vitro) ma KaiHiuHi 0ocnioxcenus. Bionogiono 0o o2nady aimepamypu 0CMAaHHIX POKi6 MONCHA 88AXCAMU
008e0eHUM YUMOMOKCUYHULL Ma AHMUnporighepamusHuii 6n1U8 NPUPOOHUX ankanoioie Hucmominy
genuxoeo (Chelidonium majus) xenioouniny, Iliznvoysima ocinnvoco (Colchicum autumnale) xonxiyumy,
bapsinka posicesozo (Catharanthus roseus) sinkpucmuny, einonacmuny ma bapesinka manoeo (Vinca mi-
nor) 8IHKAMIHY HA 3105KICHI Kiimunu. Konxiyux ukaukas anonmo3s y 6UCOKUX 003ax, XeliOOHIH HABNAKU,
CRPUYUHIOB8A8 ANONMO3 3N0AKICHUX KAIMUH Y 8IOHOCHO HU3LKUX 003aX, ) 8EIUKUX UKIIUKAS aymogazito.
CueHanvHi wiisAxXy MexaHizMie anonmosy 3NM0SAKICHUX KIMuH Ni0 8NIUBOM XeliOOHIHY, KOAXIYUHY,
BIHKpUCMUHY, BIHOIACMUNY MA BIHKAMIHY 6UBYeHi Habazamo MeHu ma nompeodyloms 000AMKOBUX
00ciddcens, OLIbWICMb pe3yIbmamis cei0uums Ha KOPUCMb MIMOXOHOPIANbHO20 (8HYMPIUHb020)
WIIAIXY, ale € MOYKa 30py HA KOPUCMb peyenmop-onocepeokogano2o wiasaxy. Ilpenapam, wo micmug
ankanoiou Yucmominy eéenuxozo, noxkasas no3umusHy 0it0 Npu KOMNJIEKCHOMY 3ACHOCY8AHHI pa3oM 3i
KOHBEHYIIHOW NPOMUNYXIUHHOW mepanicio. Ankanoiou bapeinky manoco einkaminy ma Yucmominy
BEUKO20 € KAHOUOAMAMU HA X BUKOPUCMAHHL Y NPOMUNYXIUHHOT mepanii, npome KAiHIYHI 00CNI0HCEHHs.
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