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ABSTRACT
The review summarized the literature data of recent years on the antitumor effect of secondary plant metabolites, as well as 
their immunotropic and anti-inflammatory effects as components of the antitumor response. The biological basis for the action 
of secondary plant metabolites was characterized in the form of influence on potential targets: transcription factors, signaling 
pathways and receptors responsible for proliferation and apoptosis. The ways of increasing the bioavailability of secondary 
plant metabolites to enhance the effectiveness and possibility of their medicinal use were considered, the effects of berberine, 
curcumin and their derivatives were described. The search for scientific publications was conducted in foreign (PubMed) and 
domestic (eLibrary) electronic libraries. It was found that the multiplicity of molecular targets of secondary plant metabolites 
and the pleiotropy of their effects suggest the possibility of their use for the regulation of various processes in tumor and 
normal cells. There was a connection between the antitumor effect of secondary plant metabolites and their anti-inflammatory 
and immunomodulatory action. However, a significant limitation of their use was the fact that most studies were conducted on 
cell cultures, which was insufficient to judge the antitumor effect. Clinical trials were few and their results were contradictory. 
In addition, a certain contradiction has been noted between the idea of a more effective action when using a pure substance 
or a complex composition of various plant components. An important problem was the low bioavailability of most secondary 
plant metabolites, for which various methods have been proposed. Despite the long history of phytotherapy in oncology, the 
development of new derivatives of secondary plant metabolites with high water solubility remains relevant, including modified 
molecules of known secondary plant metabolites and the search for new ones with unexplored biological activity. Modern 
methods of chemical synthesis and delivery systems of derivatives of secondary plant metabolites, as well as the study of their 
effects in model experiments, seem to be promising scientific directions for the creation of new drugs with antitumor activity.
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Возможности применения вторичных метаболитов 
растений как противоопухолевых средств
Е.Ю. Златник, А.Б. Сагакянц, Е.М. Непомнящая, Н.А. Захарова, Ю.В. Ульянова
Национальный медицинский исследовательский центр онкологии, г. Ростов-на-Дону, Россия

АННОТАЦИЯ
В обзоре обобщены данные литературы последних лет о противоопухолевом действии вторичных метаболитов растений, 
а также их иммунотропном и противовоспалительном действии как компонентах противоопухолевого ответа. Охаракте-
ризованы биологические основы действия вторичных метаболитов растений в виде влияния на потенциальные мишени: 
транскрипционные факторы, сигнальные пути и рецепторы, ответственные за пролиферацию и апоптоз. Рассмотрены 
пути повышения биодоступности вторичных метаболитов растений для усиления эффективности и возможности их меди-
каментозного применения, описаны эффекты берберина, куркумина и их производных. Поиск научных публикаций про-
ведён в зарубежных (PubMed) и отечественных (eLibrary) электронных библиотеках. Установлено, что множественность 
молекулярных мишеней вторичных метаболитов растений и плейотропность их эффектов предполагают возможность их 
применения для регуляции различных процессов в опухолевых и нормальных клетках. Прослеживается связь между 
противоопухолевым эффектом вторичных метаболитов растений и их противовоспалительным и иммуномодулирующим 
действием. Однако существенным ограничением их применения становится то обстоятельство, что большинство иссле-
дований проведено на культурах клеток, что недостаточно для суждения о противоопухолевом действии. Клинические 
испытания немногочисленны, и результаты их противоречивы. Кроме того, отмечено определённое противоречие между 
представлением о более эффективном действии при использовании чистого вещества или сложной композиции раз-
нообразных растительных компонентов. Важная проблема — низкая биодоступность большинства вторичных метабо-
литов растений, для повышения которой предложены различные способы. Несмотря на давнюю историю фитотерапии 
в онкологии, остаётся актуальной разработка новых производных вторичных метаболитов растений, обладающих высо-
кой водорастворимостью, включая модифицированные молекулы известных вторичных метаболитов растений и поиск 
новых, с неисследованной биологической активностью. Современные методы химического синтеза и систем доставки 
производных вторичных метаболитов растений, а также исследование их эффектов в модельных экспериментах пред-
ставляются перспективными научными направлениями для создания новых лекарственных препаратов с противоопухо-
левой активностью.

Ключевые слова: лекарственные растения; противоопухолевое действие; иммунотропное действие; вторичные метабо-
литы растений; берберин; куркумин.
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Phytotherapy for the treatment of various diseases has been 
known since ancient times, and interest in it remains up to 
this day. The development of technologies allows determi ning 
various components of plants and characterizing their biologi-
cal activity, which indicates their potential use in medicine [1]. 
Primary and secondary metabolites and plant hormones are 
distinguished among plant metabolites [2].

Secondary plant metabolites (SPM) attract the interest of 
researchers [3]. This term was first proposed by German bio-
logist Albrecht Kossel in 1891. SPM are small molecules with 
a molecular weight of <3000 Da [4]. They are typically divided 
into several main large groups [5]:

– Isoprenoid, also called terpenoids, include over 40,000 
structures and form the largest class of all known SPM. They 
represent a class of hydrocarbons, which are products of bio-
synthesis with the general formula (C5H8)n and with a carbon 
skeleton that is a derivative of isoprene СН2=С(СН3)−СН=СН2.

– Alkaloids have a heterocyclic structure, contain a nitro-
gen molecule in the heterocycle, and include approximately 
21,000 compounds.

– Phenolic compounds are aromatic compounds with 
a benzene ring containing at least one hydroxyl group.

The biological activity of SPM is due to their chemical as-
pects, because of which they are able to enter into reactions, 
undergoing methylation, acylation, glycosylation, hydroxy-
lation, and desaturation in the presence of various en-
zymes. Their main function is protection against biological 
and nonbio logical adverse effects [6] — the one that makes 
them similar toto the immune system of animals, although 
SPM have a different nature and are not pathogen-specific. 
The bio logical activity of SPM should be manifested in rela-
tion to animal and human cells, as a result of which they are 
applied in medicine, and this search continues [7].

BIOLOGICAL JUSTIFICATION OF 
THE USE OF SECONDARY PLANT 
METABOLITES IN ONCOLOGY
The derivatives of various plants are used in medicine as anal-
gesics (morphine and codeine), muscle relaxants (tubocura-
rine) and antimalarial, antipyretic, and sedative agents. Some 
SPM are used in oncology, including the antitumor antibio tics 
actinomycin D, anthracyclines (doxorubicin, epirubicin, and 
daunorubicin), mitotic poisons (mitomycin C, bleomycin, col-
chicine, and colchamine), vincristine, vinblastine, and taxol [8].

The search in this direction is developing. Thus, reviews 
summarizing the potential for the antitumor action of plant 
components and their role in modern tumor therapy have 
been published, including studies of SPM targets and the pos-
sibilities of integrating phytochemicals and phytotherapy into 
standard cancer therapy [9] based on an analysis of the ef-
fect of SPM on the PI3K/Akt/mTOR, Bax/Bcl-2/caspases, and 

NF-κB/Nrf2 signaling pathways that mediate apoptosis and 
proliferation and are significant for tumor growth [10].

SPM are studied as part of plant extracts, which serve 
as a multicomponent mixture of various substances, and 
in the form of purified or synthetic substances with certain 
structural and functional characteristics; their effect on tumor 
cells has been revealed in both cases. For example, MTT test1 
showed that aqueous solutions of Sansevieria cylindrica leaf 
and rhizome extracts reduced the survival rate of human lung 
adenocarcinoma A549 cells by two times. This allows con-
sidering these extracts as potential sources of active meta-
bolites capable of inhibiting tumor cell growth [11], although 
it remains unclear which specific SPM produced the effect. 
 Another study revealed the antitumor effect of rice callus cul-
ture by its anti-inflammatory and cytotoxic activity [12].

However, some studies presented alternative opinions 
[13], such as that SPM contained in natural compounds may 
be antagonists for each other and that pure substances may 
exhibit a more pronounced effect.

A crucial argument in favor of using purified or synthe-
tic SPM is the nonstandard nature of natural plant materials, 
as the quantity and quality of natural SPM in plants depends 
on environmental factors [14], in particular soil composi-
tion. The present study demonstrates that SPM obtained from 
plants grown in soils with an increased content of certain 
metals can exhibit an effect opposite to that expected.

When studying the antitumor effects of individual groups 
of SPM, for example, flavonoids, which are part of the group 
of phenolic compounds, their effect on metastatic spreading 
was revealed, wherein inhibition was noted in in vitro mo dels 
in the form of an effect on key signaling pathways respon-
sible for migration, invasion, epithelial–mesenchymal transi-
tion, and regulation of molecules such as MMPs, uPA/uPAR, 
and TGF-β. Additionally, flavonoids modulate the expression 
of genes that control tumor progression mediated by chro nic 
inflammation [15].

In vitro, the MTT test revealed the activity of the flavonoid 
extract against melanoma cell lines [16], and in vivo precli-
nical studies have shown that the flavonoid apigenin, which is 
found in several vegetables and fruits, inhibits mouse mela-
noma metastasis to the lungs and the growth of breast cancer 
xenografts [17]. Another flavonoid, quercetin, inhibits migra-
tion of prostate cancer tumor stem cells with the CD44+CD133+ 
phenotype and spheroid formation [18].

Several alkaloids have a similar effect. Among them, col-
chicine, an inhibitor of microtubules and mitosis, has long 
been known and is the most well-studied; however, troponoids 
also have similar activity, which, in addition, damages the mi-
tochondria [19], which allows considering them as antitumor 
substances. In vitro and in vivo experiments demonstrated 
a higher (18-fold) antitumor activity of the 2-quinolyl-1,3-
tropolone derivative compared with the cytostatic cisplatin 
and its ability to significantly inhibit (65%–75%) the growth 

1 MTT: methyl thiazolyl tetrazolium.
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of subcutaneous xenografts of the human lung cancer culture 
A-549 in immunodeficient mice [20].

Tubulin-binding agents cause cell-cycle dysregulation in 
the G2/M phase and cell division synchronization. Studies 
have described the ability of an indole-containing inhibitor of 
tubulin polymerization to bind to the colchicine-binding site 
in the region between the α- and β-subunits of its heterodi-
mer [21]. Among the developed and synthesized trans-in-
dolyl-3-acrylamide derivatives that bind to the colchicine site, 
the most active ones that cause cell cycle arrest in Huh7 he-
patocellular carcinoma cells were selected [22].

Additionally, indole alkaloids regulate the autophagy pro-
cess by influencing the PI3K/Akt/mTOR, MAPK, ROS, Beclin-1, 
and other signaling pathways; however, a review published 
in 2022 and world literature data for 2009–2021 were un-
able to establish to what extent this is associated with the de-
scribed antitumor properties of indole derivatives, which are 
plant and/or bacterial products, as the role of autophagy has 
an ambiguous interpretation, and it is considered either as 
a precursor to cell death by apoptosis or passive witness to 
this event [23].

However, an imbalance of endogenous indole metabolites 
in patients with lung cancer has been described in the litera-
ture, and its features have been found to be associated with 
the effect of immunotherapy and are considered as prognos-
tically significant [24].

In a meta-analysis, Li et al. [25] summarized data on 
the properties of monoterpene indole alkaloids (corynanthe) 
with different chemical structures and various biological ac-
tivities, among which the analgesic, antiparasitic, antibacte-
rial, and antiviral effects have been studied in detail. Thus, 
the activity of one of the substances in this group (hirsutine) 
was 10–20 times greater than the effect of ribavirin against 
influenza A virus in vitro, whereas another substance (nor-
mavacurin-21-1) exhibited an antibacterial effect against en-
terococci, comparable to the effect of cefotaxime.

Many derivatives of these alkaloids, similar to other SPM, 
have an anti-inflammatory effect, suppressing lipopolysac-
charide-induced nitric oxide synthesis in macrophages. Only 
one study mentioned the NF-κB-mediated inhibitory effect of 
one of them on the HeLa tumor cell culture [26]. These alka-
loids have a tetra- or pentacyclic structure, which is stereo-
chemically different owing to the presence of several chiral 
centers, which complicates their synthesis and indicates un-
certainty in the relationship between their chemical structure 
and biological activity. The authors of this meta-analysis   be-
lieve that clarification of the latter will serve as a basis for 
the development of new pharmaceuticals.

The literature data presents some divergence in the views 
on the effectiveness of compositions and complex extracts 
with a difficult-to-control composition and individual biologi-
cally active substances isolated or synthesized based on na-
tural SPM. Among the latter, special attention is paid to the al-
kaloid berberine and the polyphenol curcumin, although they 
are often used in extracts and compositions [27, 28].

ANTITUMOR PROPERTIES 
OF BERBERINE AND ITS DERIVATIVES
Berberine as a separate substance is capable of inducing tu-
mor cell differentiation by inhibiting the crucial mechanisms 
of malignant growth, namely, tumor stem cells and epitheli-
al–mesenchymal transition [29, 30], and increasing the sensi-
tivity of tumor cells to radiation [31].

Induction of apoptosis and cell-cycle arrest under the ac-
tion of berberine has been noted in several tumor cell lines 
[32]. In vitro cell growth models have revealed the damaging 
effect of berberine on esophageal cancer cells and inhibition 
of migration and proliferation of colorectal cancer cells [33].

According to the literature, such activity is media ted 
by the effect of berberine on targets and signaling path-
ways responsible for tumor growth. Thus, the mechanisms 
of the proapoptotic effect of berberine include inhibition of 
MDM2-mediated autophagy in leukemia cells [34], Akt path-
way suppression in breast cancer cells [35], angiogenesis in-
hibition in glioblastoma xenografts [36], and action on the fac-
tors and signaling pathways NF-κB, HIF1A, and NFE2L2/AP-1 
in cervical cancer cells [37], which is partly confirmed by 
the cytotoxic effect on HeLa cell culture [38]. These and many 
 other transcription factors and signaling pathways can be 
consi dered targets of berberine.

Chinese authors, who are most intensively advancing 
these studies, have proposed synthetic derivatives of berber-
ine as antitumor agents [39]. However, despite the promising 
potential of its clinical application, the authors   characterize 
the potential only as a possible one [40].

The combined use of SPM and chemotherapy drugs to en-
hance antitumor effect has been proposed, as in vitro and 
in vivo experiments have shown synergism between berbe-
rine and erlotinib in the form of increased inhibitory effect on 
 pEGFR and pAKT, expression of cyclin D and Bcl-2 compared 
to monotherapy with berberine or erlotinib, which is also 
manifested in a decrease in the volume of transplanted tu-
mors in athymic mice [41].

Conversely, the combined use of berberine and bosuti-
nib [42] or cyclosporine [43] affects the concentration of these 
drugs in the blood and seems undesirable owing to possible 
toxicity. Additionally, the activity of berberine, similar to se-
veral other drugs, is affected by the composition of the intes-
tinal microbiota, which normally promotes its transformation 
into an easily absorbed form [44]. However, in pathological 
conditions, this effect remains to be studied. According to Chi-
nese studies, berberine influences the course of many diseas-
es through its effect on the microbiota [45].

ANTITUMOR PROPERTIES OF 
CURCUMIN AND ITS DERIVATIVES
The antitumor effect of the polyphenol curcumin is presen-
ted in some studies as a result of its anti-inflammatory 
and immunomodulatory activity, because of which it affects 
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proliferation, apoptosis, angiogenesis, and metastasis [46] 
through its effect on the molecular targets COX-2, ROS, 
 NF-κB, JNK, and STAT3 [47]. The effect of curcumin on au-
tophagy has been noted; however, as in the case of other 
SPM, it appears controversial because of the uncertain role of 
this process in tumor growth [48].

A review [49] provided data on the fact that curcumin sup-
presses the growth of U87MG and U373MG glioblastoma cells 
by inducing autophagy through negative AKT/mTOR kinase 
regulation, ERK1/2 activation, and increased LC-3 II expres-
sion. However, in another study performed on a rat C6 glio-
ma model, curcumin caused a decrease in the glioma vo lume, 
which is not associated with induction but with inhibition of 
autophagy.

A 2024 review [50] focused on a more detailed descrip-
tion of the molecular targets and processes wherein curcu-
min acts on. Previous studies specified that targets present in 
tumor cells (CDK2, CK2α, GSK-3β, DYRK2, EGFR, AXL recep-
tor, FR-β, DHFR, Topo I and II, and NF-κB) and in cells involved 
in the development of chronic inflammation that promotes tu-
mor growth, recurrence, and chemoresistance.   The review 
summarizes the effects of curcumin and its analogues on 
many tumor cell cultures, particularly the induction of apo-
ptosis, cell cycle arrest, proteasome inhibition, decreased cell 
invasion capacity, and metabolic process suppression under 
the influence of curcumin in vitro.

Clinical results are less representative. The author   cites 
five studies, two of which were performed on patients with 
benign, albeit precancerous, processes, namely, famil-
ial intestinal polyposis and leukoplakia of the oral mucosa. 
The results of two more studies (chronic myeloid leukemia 
and multiple myeloma) indicated improving only laborato-
ry parameters, and although these studies were published 
over 10 years ago, this direction has not yet been developed. 
Only in cases of prostate cancer, the inclusion of curcumin in 
the treatment regimen contributed to increased clinically ex-
pressed responses to docetaxel chemotherapy [51].

Moreover, other studies emphasized that although 
a positive effect of curcumin has been revealed in tumors of 
the lung, mammary and prostate glands, liver, and colon and 
in lymphoproliferative diseases, it is limited by the low bio-
availability of the substance, and the clinical results should 
be confirmed in larger cohorts [52, 53].

As in the case of berberine, curcumin has been shown 
to exhibit synergism with cytostatic agents, for example, 
with docetaxel in prostate cancer and with 5-fluoroura-
cil in colorectal cancer, and its antimetastatic effect has 
been shown, which is mediated through a cascade inclu-
ding  miR-34a/b/c and the ROS/KEAP1/NRF2 signaling path-
way [54].

There are isolated studies on the combined effect of pure 
berberine and curcumin on various tumor cell cultures. Syn-
ergism of the substances was noted in the form of a signifi-
cant increase in cell death [55].

IMMUNOTROPIC AND ANTI-
INFLAMMATORY EFFECTS OF 
SECONDARY PLANT METABOLITES 
AS A COMPONENT OF THE ANTITUMOR 
EFFECT
In many studies, antitumor effect was considered in the con-
text of the anti-inflammatory and immunotropic effects estab-
lished for most of the studied SPM.

Thus, a 2021 review summarized long-term data on 
the assessment of the immunotropic effect of plant compo-
nents, considering their effects as immunostimulants, immu-
nosuppressants, and immunoadjuvants and the dependence 
of their effect on the age and sex of patients, environmental 
conditions, stress, bad habits, etc. [56]. The advantages and 
disadvantages of natural and synthetic plant metabolites were 
characterized, and it was revealed that alkaloids play a ma-
jor role in the correction of immune system functions by in-
fluencing cytokine synthesis and the balance of T-lymphocyte 
subpopulations, although a similar effect has been found in 
polyphenols (e.g., flavonoids, polysaccharides, lectins, etc.). 
The authors   believed that SPM have potential for clinical use 
for immunomodulation in autoimmune diseases; however, 
oncological pathology was not mentioned in this study.

Some immunomodulatory effects of alkaloids are spec-
ified in the study by Jantan et al. [57], wherein the effect of 
an alkaloid (VF-1) isolated from Voacanga foetida in diffe-
rent concentrations on RAW 264.7 macrophages in vitro was 
shown and their safety was established with a decrease in in-
terleukin (IL)-6 production. Jantan et al. believe that the use 
of this alkaloid can become a new strategy in inflammato-
ry disease treatment. Considering the role of IL-6 in tumor 
growth and progression [58], the substance may also have an 
antitumor effect.

An analysis of 150 plant components used as immuno-
modulators showed that approximately 40% are plants from 
the genus Asteraceae, of which Echinacea purpurea is well 
known [59]. The authors pointed out that despite the high im-
munomodulatory activity of many polyphenols, terpenoids, 
and alkaloids, only eight plant products have undergone clin-
ical trials and are available on the pharmaceutical market. 
These include six immunosuppressants (resveratrol, colchi-
cine, capsaicin , quercetin, epigallocatechin-3-gallate, and 
andrographolide) and two immunostimulants (curcumin, and 
genistein).

The immunomodulatory effect of several SPM is associa-
ted with an anti-inflammatory effect, the main mechanism of 
which is the effect on the formation of cytokines and signa ling 
pathways responsible for iNOS, PGE, and COX-2 synthesis. 
However, despite the ability of curcumin to inhibit the produc-
tion of pro-inflammatory cytokines (tumor necrosis factor α, 
IL-1, IL-6, and IL-12) by stimulated monocytes, macrophages, 
dendritic cells, and spleen lymphocytes [60], its inclusion in 
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the treatment of patients with various inflammatory diseases 
does not affect the level of pro-inflammatory cytokines such 
as IL-6 and IL-8, although it leads to a decrease in the levels 
of tumor necrosis factor α and IL-1 [61].

Despite the properties of curcumin, including its effect on 
the immune system, which should be implemented in its an-
titumor effect (inhibition of the synthesis of NO, iNOS, COX-2, 
NKkB, and pro-inflammatory cytokines), and individual suc-
cesses in its use in experimental models and in the clinic, 
further research is required to recognize it as an antitumor 
agent [62].

A similar conclusion was made in a later study, which em-
phasized the various properties of curcumin (i.e., antibacte-
rial, antiasthmatic, antinociceptive, cytotoxic activity, and 
the ability to inhibit mitogen-induced lymphocyte prolifera-
tion) [63].

Moreover, berberine has been shown to reduce the for-
mation of cytokines produced by macrophages, primarily IL-6 
[64]. Additionally, its healing effect in inflammatory bowel dis-
eases has been noted, which is implemented through inhi-
bition of the synthesis of pro-inflammatory cytokines (tumor 
necrosis factor α, interferon γ, and IL-17) by intestinal mac-
rophages by suppressing the MAPK and NF-κB pathways and 
fusion on the polarization of macrophages through activation 
of the AKT1/SOCS1 pathway [65]. The same authors indicated 
that in experimental colitis, the effect of berberine on the re-
sponse mediated by Th1 and Th17 lymphocytes is associated 
with positive changes in the intestinal microbiota. This work 
does not concern malignant tumors; however, the cells, mo-
lecules, and signaling pathways mentioned may play a role in 
carcinogenesis.

POSSIBLE CAUSES OF INSUFFICIENT 
ANTITUMOR EFFICIENCY OF 
SECONDARY PLANT METABOLITES
Several studies have shown the activity of SPM in cell cul-
tures, far fewer sources address experimental models, and 
clinical use cases are rarely documented. This is because of 
the complexity of their use, as most SPM have low bioavai-
lability and are poorly soluble in water. To ensure the effect 
with oral administration, absorption and metabolism of a sub-
stance, which should have high water or fat solubility, is cri-
tical. Parenteral administration involves the use of the active 
form of the substance or its metabolism in the blood serum, 
which is challenging owing to insufficient solubility. In this re-
gard, one of the crucial issues is increasing the bioavailability 
of SPM, which is the focus of several developments presen-
ted in the literature.

In a study by Thomas et al. [66], technologies for increa-
sing the content of biologically active components with an-
tioxidant action were considered, including ultraviolet irra-
diation, extraction modes, and plant drying, and references 
were given to the possibility of increasing the bioavailability 

of phenolic SPM using various bioprocessing options, such as 
fermentation of plant materials, which leads to an increase in 
their solubility and thermal stability.

In their study, Cosme et al. [67] analyzed the factors in-
fluencing the bioavailability of polyphenols in food products. 
The role of microbiota in the fermentation of these SPM and 
the importance of their metabolism in the liver with the for-
mation of biologically active forms were emphasized. An in-
crease in bioavailability using delivery systems is proposed, 
for example, placing curcumin in chitosan nanocapsules or 
its use in the form of a nanospray. Furthermore, the authors 
considered the use of SPM as prodrugs activated in the gas-
trointestinal tract and the production of phytosomes, that is, 
phospholipid complexes with SPM, which impart lipophilici-
ty, to be promising. An increase in the inhibitory effect of ber-
berine on cytokine synthesis was obtained using its conjugate 
with erythrocytes [68].

The low solubility and absorption of berberine, its P-
gp-mediated efflux from cells, and rapid clearance hinder 
the crea tion of the concentration in tissues necessary for 
the ma nifestation of its biological properties. Various stra-
tegies, summarized by Thomas et al. [66], were aimed at 
overcoming this. These strategies include the production of 
nanocapsules (including chitosan, as in the case of curcu-
min), nanocrystals, myceliated forms, liposomes, micro-
emulsions, and microparticles, the use of which led to an 
increase in the serum concentration of berberine after its ad-
ministration to animals.

An alternative approach considered was the development 
of synthetic derivatives and analogs of berberine, including 
isomerization or the addition of functional chemical groups, 
although the work indicates that, despite the higher activity 
of many analogues and derivatives of berberine compared to 
the original substance, it was not associated with their con-
centration in the blood and tissues.

CONCLUSION
Thus, an analysis of the literature in the field of searching for 
and developing SPM with antitumor and immunomodulatory 
action revealed the following:

– The majority of studies were conducted on cell cultures 
and not on tumor models reproduced in animals, and clinical 
trials were few. Their results were contradictory.

– The multiplicity of the molecular targets of SPM and 
pleiotropy of their effects indicates the possibility of their use 
to regulate various processes in tumor and normal cells.

– An associated between the antitumor effect of SPM and 
their anti-inflammatory and immunomodulatory action was 
noted; however, no studies have been conducted on the pro-
cesses and interactions occurring in the tumor microenviron-
ment when they are used.

– A contradiction has been revealed between the idea 
of a more effective action when using a pure substance and 
a complex composition of various plant components.
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– Despite the repeatedly described antitumor effect of 
various SPM, among which berberine and curcumin are es-
pecially often considered, the effect is limited by their low bio-
availability, which is increased by various approaches.

– It seems promising to develop new SPM derivatives with 
high water solubility, including modified molecules of known 
SPM, and search for new ones with underinvestigated biolog-
ical activity.

– The antitumor activity of these substances should be 
studied not only in the form of mono-agents but also in com-
bination with chemo- and immunotherapy.

ADDITIONAL INFORMATION
Authors’ contribution. E.Yu.Z. — conceptualization, formal analysis, 
writing — review and editing, supervision; A.B.S., N.A.Z., Yu.V.U. — 
methodology, validation, investigation, writing  — original draft; 
E.M.N. — writing — review and editing, supervision.
Funding source. The study was carried out with the financial support of 

REFERENCES
1. Nasim N, Sandeep IS, Mohanty S. Plant-derived natural products for 
drug discovery: Current approaches and prospects. Nucleus (Calcutta). 
2022;65(3):399–411. doi: 10.1007/s13237-022-00405-3
2. Sevastre  AS, Manea  EV, Popescu  OS, Tache  DE, Danoiu  S, Sfre-
del V, Tataranu LG, Dricu A. Intracellular pathways and mechanisms 
of colored secondary metabolites in cancer therapy. Int J Mol Sci. 
2022;23(17):9943. doi: 10.3390/ijms23179943
3. Raskin I, Ribnicky DM, Komarnytsky S, Ilic N, Poulev A, Borisjuk N, 
Brinker A, Moreno DA, Ripoll C, Yakoby N, O'Neal JM, Cornwell T, Pas-
tor  I, Fridlender B. Plants and human health in the twenty-first cen-
tury. Trends Biotechnol. 2002:20(12):522–531. doi: 10.1016/s0167-
7799(02)02080-2
4. Twaij BM, Hasan MdN. Bioactive secondary metabolites from plant 
sources: Types, synthesis, and their therapeutic uses. Internatio nal 
Journal of Plant Biology. 2022;13(1):4–14. doi: 10.3390/ijpb13010003
5. Guerriero G, Berni R, Muñoz-Sanchez JA, Apone F, Abdel-Salam EM, 
Qahtan  AA, Alatar  AA, Cantini  C, Cai  G, Hausman  JF, Siddiqui  KS, 
Hernández-Sotomayor SMT, Faisal M. Production of plant secon dary 
metabolites: Examples, tips and suggestions for biotechnologists. 
Genes (Basel). 2018;9(6):309. doi: 10.3390/genes9060309
6. Isah T. Stress and defense responses in plant secondary meta bolites 
production. Biol Res. 2019;52(1):39. doi: 10.1186/s40659-019-0246-3
7. Lal N, Sahu N, Shirale AO, Gurav P, Rani K, Meena BP, Diwan G, 
Biswas AK. Plant secondary metabolites and their impact on human 
health. In: Rajput VD, El-Ramady H, Upadhyay SK, Minkina T, Ahmed B, 
Mandzhieva S, editors. Nano-biofortification for human and environ-
mental health. Sustainable plant nutrition in a changing world. Sprin-
ger; 2023. p. 295–321. doi: 10.1007/978-3-031-35147-1_15
8. Mushtaq S, Abbasi BH, Uzairm B, Abbasi R. Natural products as 
reservoirs of novel therapeutic agents. EXCLI J. 2018;17:420–451. doi: 
10.17179/excli2018-1174
9. Zhukovskaya EV, Petrushkina NP. Phytotherapy in oncology. Pediat-
ric Bulletin of the South Ural. 2019;(1):57–65. (In Russ.) doi: 10.34710/
Chel.2019.56.48.010
10. Kamalova YaN, Karamova NS, Zelenikhin PV, Abdul-Hafeez EY, Ilin-
skaya ON. Plant Materials as a Potential Source of Antitumor Agents. 

Uchenye Zapiski Kazanskogo Universiteta. Seriya Estes tvennye Nauki. 
2019;161(3):385–394. (In Russ.) doi: 10.26907/2542-064X.2019.3.385-394
11. Hussein  RA, El-Anssary  AA. Plants secondary metabolites. The 
key drivers of the pharmacological actions of medicinal plants. In: Buil-
ders PF, editor. Herbal Medicine. London: IntechOpen; 2018. p. 13–30. 
doi: 10.5772/intechopen.76139
12. Ramakrishna W, Kumari A, Rahman N, Mandave P. Anticancer ac-
tivities of plant secondary metabolites: Rice callus suspension cul-
ture as a new paradigm. Rice Science. 2021;28(1):13–30. doi: 10.1016/j.
rsci.2020.11.004
13. Li Y, Kong D, Fu Y, Sussman MR, Wu H. The effect of develop-
mental and environmental factors on secondary metabolites in medi-
cinal plants. Plant Physiol Biochem. 2020;148:80–89. doi: 10.1016/j.pla-
phy.2020.01.006
14. Asare MO, Száková J, Tlustoš P. The fate of secondary meta bolites 
in plants growing on Cd-, As-, and Pb-contaminated soils — a com-
prehensive review. Environmental Science and Pollution Research. 
2022;30(5):11378–11398. doi: 10.1007/s11356-022-24776-x
15. Abotaleb M, Samuel SM, Varghese E, Varghese S, Kubatka P, Lis-
kova A, Büsselberg D. Flavonoids in cancer and apoptosis. Cancers (Ba-
sel). 2018;11(1):28. doi: 10.3390/cancers11010028
16. Rajayan JS, Chandrasekar V, Duraipandian C, Rajendran K. In vi-
tro evaluation of extracts from Ixora Species for a potential phytoso-
mal formulation. Cureus. 2024;16(3):e55396. doi: 10.7759/cureus.55396
17. Liskova A, Koklesova L, Samec M, Smejkal K, Samuel SM, Var-
ghese E, Abotaleb M, Biringer K, Kudela E, Danko J, Shakibaei M, Kwon 
TK, Büsselberg D, Kubatka P. Flavonoids in Cancer Metastasis. Cancers 
(Basel). 2020;12(6):1498. doi: 10.3390/cancers12061498
18. Ci Y, Zhang Y, Liu Y, Lu S, Cao J, Li H, Zhang J, Huang Z, Zhu X, 
Gao J, Han M. Myricetin suppresses breast cancer metastasis through 
down-regulating the activity of matrix metalloproteinase (MMP)-2/9. 
Phytother Res. 2018;32(7):1373–1381. doi: 10.1002/ptr.6071
19. Bradley  DP, O'Dea  AT, Woodson  ME, Li  Q, Ponzar  NL, Knier  A, 
Rogers  BL, Murelli  RP, Tavis  JE. Effects of troponoids on mito-
chondrial function and cytotoxicity. Antimicrob Agents Chemother. 
2022;66(1):e0161721. doi: 10.1128/AAC.01617-21

the state assignment "Search for natural and synthetic secondary plant 
metabolites with antitumor and immunocorrective properties in in vitro 
and in vivo models", registration number 124022100044-2 from 2024.
Competing interests. The authors declare no conflict of interest re-
garding the presented article.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. Е.Ю.З. — концептуализация, анализ, редакти-
рование рукописи, общее руководство; А.Б.С., Н.А.З., Ю.В.У.  — 
методология, валидация, исследование, создание черновика; 
Е.М.Н. — редактирование рукописи, общее руководство.
Источник финансирования. Исследование выполнено при фи-
нансовой поддержке государственного задания «Поиск нату-
ральных и синтетических вторичных метаболитов растений, об-
ладающих противоопухолевыми и иммунокорригирующими 
свойствами на моделях in vitro и in vivo», номер регистрации 
124022100044-2 от 2024 г.
Конфликт интересов. Авторы заявляют об отсутствии конфликта 
интересов по представленной статье.

https://doi.org/10.1007/s13237-022-00405-3
https://doi.org/10.3390/ijms23179943
https://doi.org/10.1016/s0167-7799(02)02080-2
https://doi.org/10.1016/s0167-7799(02)02080-2
https://doi.org/10.3390/ijpb13010003
https://doi.org/10.3390/genes9060309
https://doi.org/10.1186/s40659-019-0246-3
https://doi.org/10.1007/978-3-031-35147-1_15
https://doi.org/10.17179/excli2018-1174
https://doi.org/10.34710/Chel.2019.56.48.010
https://doi.org/10.34710/Chel.2019.56.48.010
https://doi.org/10.26907/2542-064X.2019.3.385-394
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.1016/j.rsci.2020.11.004
https://doi.org/10.1016/j.rsci.2020.11.004
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1007/s11356-022-24776-x
https://doi.org/10.3390/cancers11010028
https://doi.org/10.7759/cureus.55396
https://doi.org/10.3390/cancers12061498
https://doi.org/10.1002/ptr.6071
https://doi.org/10.1128/AAC.01617-21


820

DOI: https://doi.org/10.17816/KMJ634368

Казанский медицинский журнал, 2024. Том 105, № 5ОБЗОРЫ

20. Kit OI, Zhukova GV, Tolkachev ON, Sidelnikov NI, Fadeev NB, Luk-
banova EA, Shikhlyarova AI. Antitumor factors of natural origin and 
some approaches to the development of effective regimens of phyto-
therapy in oncology. Voprosy onkologii. 2022;68(5):527–538. (In Russ.) 
doi: 10.37469/0507-3758-2022-68-5-527-538
21. Li Y, Yang J, Niu L, Hu D, Li H, Chen L, Yu Y, Chen Q. Structu ral in-
sights into the design of indole derivatives as tubulin polyme rization in-
hibitors. FEBS Lett. 2020;594(1):199–204. doi: 10.1002/1873-3468.13566
22. Hawash M, Kahraman DC, Olgac A, Ergun SG, Hamel E, Cetin-Ata-
lay R, Baytas SN. Design and synthesis of novel substituted indole-
acrylamide derivatives and evaluation of their anti-cancer activity as 
potential tubulin-targeting agents. J Mol Struct. 2022;1254:132345. doi: 
10.1016/j.molstruc.2022.132345
23. Luo ML, Huang W, Zhu HP, Peng C, Zhao Q, Han B. Advances in in-
dole-containing alkaloids as potential anticancer agents by regula ting 
autophagy. Biomed Pharmacother. 2022;149:112827. doi: 10.1016/j.bio-
pha.2022.112827
24. Shestakova KM, Moskaleva NE, Boldin AA, Rezvanov PM, Shes-
topalov AV, Rumyantsev SA, Zlatnik EY, Novikova IA, Sagakyants AB, 
Timofeeva SV, Simonov Y, Baskhanova SN, Tobolkina E, Rudaz S, Ap-
polonova SA. Targeted metabolomic profiling as a tool for diagnostics 
of patients with non-small-cell lung cancer. Sci Rep. 2023;13(1):11072. 
doi: 10.1038/s41598-023-38140-7
25. Li  J, Li  JX, Jiang  H, Li  M, Chen  L, Wang  YY, Wang  L, Zhang  N, 
Guo HZ, Ma KL. Phytochemistry and biological activities of corynanthe 
alkaloids. Phytochemistry. 2023;213:113786. doi: 10.1016/j.phyto-
chem.2023.113786
26. Pan L, Terrazas C, Acuna UM, Ninh TN, Chai H, Blanco EC, Soejarto DD, 
Satoskar AR. Bioactive indole alkaloids isolated from Alstonia angus-
tifolia. Phytochem Lett. 2014;10:54–59. doi: 10.1016/j.phytol.2014.06.010
27. Corti F, Ronchi M, Riva A. Compositions containing berbe rine. Pa-
tent of the Russian Federation No. 2788599. Bull. No. 3 from 23.01.2023. 
(In Russ.) EDN: UICPHL
28. Behnam  D. Solubilize with curcumin, and if necessary at least 
with one other active substance. Patent of the Russian Federation 
No. 2752078. Bull. No. 21 from 22.07.2021. EDN: XSWOKH
29. Zhao Z, Zeng J, Guo Q, Pu K, Yang Y, Chen N, Zhang G, Zhao M, 
Zheng Q, Tang J, Hu Q. Berberine suppresses stemness and tumorige-
nicity of colorectal cancer stem-like cells by inhibiting m6a methy lation. 
Front Oncol. 2021;11:775418. doi: 10.3389/fonc.2021.775418
30. Du H, Gu J, Peng Q, Wang X, Liu L, Shu X, He Q, Tan Y. Berbe rine 
suppresses EMT in liver and gastric carcinoma cells through combina-
tion with TGFβR regulating TGF-β/Smad pathway. Oxid Med Cell Lon-
gev. 2021;2021:2337818. doi: 10.1155/2021/2337818
31. Aleissa MS, Al-Zharani M, Alneghery LM, Aleissa AM. Berbe rine en-
hances the sensitivity of radiotherapy in ovarian cancer cell line (SKOV-
3). Saudi Pharm J. 2023;31(1):110–118. doi: 10.1016/j.jsps.2022.11.009
32. Li  Q, Zhao  H, Chen  W, Huang  P. Berberine induces apoptosis 
and arrests the cell cycle in multiple cancer cell lines. Arch Med Sci. 
2023;19(5):1530–1537. doi: 10.5114/aoms/132969
33. Gong C, Hu X, Xu Y, Yang J, Zong L, Wang C, Zhu J, Li Z, Lu D. Ber-
berine inhibits proliferation and migration of colorectal cancer cells by 
downregulation of GRP78. Anticancer Drugs. 2020;31(2):141–149. doi: 
10.1097/CAD.0000000000000835
34. Liu J, Zhu Z, Liu Y, Wei L, Li B, Mao F, Zhang J, Wang Y, Liu Y. MDM2 
inhibition-mediated autophagy contributes to the pro-apoptotic effect 
of Berberine in p53-null leukemic cells. Life Sci. 2020;242:117228. doi: 
10.1016/j.lfs.2019.117228
35. Tak  J, Sabarwal  A, Shyanti  RK, Singh  RP. Berberine enhances 
posttranslational protein stability of p21/cip1 in breast cancer cells via 

down-regulation of Akt. Mol Cell Biochem. 2019;458(1–2):49–59. doi: 
10.1007/s11010-019-03529-4
36. Jin  F, Xie  T, Huang  X, Zhao  X. Berberine inhibits angiogenesis 
in glioblastoma xenografts by targeting the VEGFR2/ERK pathway. 
Pharm. Biol. 2018;56(1):665–671. doi: 10.1080/13880209.2018.1548627
37. Belanova A, Beseda D, Chmykhalo V, Stepanova A, Belousova M, 
Khrenkova V, Gavalas N, Zolotukhin P. Berberine effects on NFκB, HI-
F1A and NFE2L2/AP-1 pathways in HeLa cells. Anticancer Agents Med 
Chem. 2019;19(4):487–501. doi: 10.2174/1871520619666181211121405
38. Zlatnik EYu, Enin YaS, Burov ON, Bondarenko ES, Sagakyants AB, 
Kutilin DS, Dzigunova YuV, Ishonina OG, Shalashnaya EV, Ushakova ND. 
Molecular and cellular aspects of the impact of secondary metabolites 
from Common Barberry and Hybrid Goat's Rue on the HeLa cell line. 
Research and Practical Medicine Journal. 2023;10(4):31–47. (In Russ.) 
doi: 10.17709/2410-1893-2023-10-4-3
39. Wang ZC, Wang J, Chen H, Tang J, Bian AW, Liu T, Yu LF, Yi Z, Yang F. 
Synthesis and anticancer activity of novel 9,13-disubstituted berbe rine 
derivatives. Bioorg Med Chem Lett. 2020;30(2):126821. doi: 10.1016/j.
bmcl.2019.126821
40. Rauf  A, Abu-Izneid  T, Khalil  AA, Imran  M, Shah  ZA, Emran  TB, 
 Mitra S, Khan Z, Alhumaydhi FA, Aljohani ASM, Khan I, Rahman MM, 
Jeandet P, Gondal TA. Berberine as a potential anticancer agent: A com-
prehensive review. Molecules. 2021;26(23):7368. doi: 10.3390/mole-
cules26237368
41. Cuan X, Yang X, Zhu W, Zhao Y, Luo R, Huang Y, Wang X, Sheng J. 
Antitumor effects of erlotinib in combination with berberine in A431 
cells. BMC Pharmacol Toxicol. 2023;24(1):29. doi: 10.1186/s40360-023-
00661-2
42. Adiwidjaja J, Boddy AV, McLachlan AJ. Physiologically based phar-
macokinetic model predictions of natural product-drug interactions be-
tween goldenseal, berberine, imatinib and bosutinib. Eur J Clin Phar-
macol. 2022;78(4):597–611. doi: 10.1007/s00228-021-03266-y
43. Wu X, Li Q, Xin H, Yu A, Zhong M. Effects of Berberine on the blood 
concentration of Cyclosporin A in renal transplanted recipients: Clinical 
and pharmacokinetic study. Eur J Clin Pharmacol. 2005;61(8):567–572. 
doi: 10.1007/s00228-005-0952-3
44. Feng R, Shou JW, Zhao ZX, He CY, Ma C, Huang M, Fu J, Tan XS, 
Li XY, Wen BY, Chen X, Yang XY, Ren G, Lin Y, Chen Y, You XF, Wang Y, Ji-
ang JD. Transforming Berberine into its intestine-absorbable form by 
the gut microbiota. Sci Rep. 2015;5:12155. doi: 10.1038/srep12155
45. Yang F, Gao R, Luo X, Liu R, Xiong D. Berberine influences multiple 
diseases by modifying gut microbiota. Front Nutr. 2023;10:1187718. doi: 
10.3389/fnut.2023.1187718
46. Vadukoot AK, Mottemmal S, Vekaria PH. Curcumin as a potential 
therapeutic agent in certain cancer types. Cureus. 2022;14(3):e22825. 
doi: 10.7759/cureus.22825
47. Zoi V, Galani V, Lianos GD, Voulgaris S, Kyritsis AP, Alexiou GA. The 
role of Curcumin in cancer treatment. Biomedicines. 2021;9(9):1086. doi: 
10.3390/biomedicines9091086
48. Yun CW, Jeon J, Go G, Lee JH, Lee SH. The dual role of auto phagy 
in cancer development and a therapeutic strategy for cancer by targe-
ting autophagy. Int J Mol Sci. 2020;22(1):179. doi: 10.3390/ijms22010179
49. Kushnir TI, Arnotskaya NE, Kudryavtsev IA, Shevchenko VE. The 
therapeutic potential of Curcumin for the treatment of glioblastoma 
multiforme. Advances in Molecular Oncology. 2020;7(1):8–16. (In Russ.) 
doi: 10.17650/2313-805X-2020-7-1-8-16
50. Moon DO. Curcumin in cancer and inflammation: An in-depth ex-
ploration of molecular interactions, therapeutic potentials, and the role 
in disease management. Int J Mol Sci. 2024;25(5):2911. doi: 10.3390/
ijms25052911

https://doi.org/10.37469/0507-3758-2022-68-5-527-538
https://doi.org/10.1002/1873-3468.13566
https://doi.org/10.1016/j.molstruc.2022.132345
https://doi.org/10.1016/j.biopha.2022.112827
https://doi.org/10.1016/j.biopha.2022.112827
https://doi.org/10.1038/s41598-023-38140-7
https://doi.org/10.1016/j.phytochem.2023.113786
https://doi.org/10.1016/j.phytochem.2023.113786
https://doi.org/10.1016/j.phytol.2014
https://www.elibrary.ru/UICPHL
https://www.elibrary.ru/XSWOKH
https://doi.org/10.3389/fonc.2021.775418
https://doi.org/10.1155/2021/2337818
https://doi.org/10.1016/j.jsps.2022.11.009
https://doi.org/10.5114/aoms/132969
https://doi.org/10.1097/CAD.0000000000000835
https://doi.org/10.1016/j.lfs.2019.117228
https://doi.org/10.1007/s11010-019-03529-4
https://doi.org/10.1080/13880209.2018.1548627
https://doi.org/10.2174/1871520619666181211121405
https://doi.org/10.17709/2410-1893-2023-10-4-3
https://doi.org/10.1016/j.bmcl.2019.126821
https://doi.org/10.1016/j.bmcl.2019.126821
https://doi.org/10.3390/molecules26237368
https://doi.org/10.3390/molecules26237368
https://doi.org/10.1186/s40360-023-00661-2
https://doi.org/10.1186/s40360-023-00661-2
https://doi.org/10.1007/s00228-021-03266-y
https://doi.org/10.1007/s00228-005-0952-3
https://doi.org/10.1038/srep12155
https://doi.org/10.3389/fnut.2023.1187718
https://doi.org/10.7759/cureus.22825
https://doi.org/10.3390/biomedicines9091086
https://doi.org/10.3390/ijms22010179
https://doi.org/10.17650/2313-805X-2020-7-1-8-16
https://doi.org/10.3390/ijms25052911
https://doi.org/10.3390/ijms25052911


821
Kazan Medical Journal 2024, Vol. 105, No. 5

DOI: https://doi.org/10.17816/KMJ634368

REVIEWS

51. Mahammedi H, Planchat E, Pouget M, Durando X, Curé H, Guy L, Van-
Praagh I, Savareux L, Atger M, Bayet-Robert M, Gadea E, Abrial C, Thi-
vat E, Chollet P, Eymard JC. The new combination Docetaxel, Prednisone 
and Curcumin in patients with castration-resistant prostate cancer: A 
pilot phase II study. Oncology. 2016;90(2):69–78. doi: 10.1159/000441148
52. Liu  C, Rokavec  M, Huang  Z, Hermeking  H. Curcumin activates 
a ROS/KEAP1/NRF2/miR-34a/b/c cascade to suppress colorectal can-
cer metastasis. Cell Death Differ. 2023;30(7):1771–1785. doi: 10.1038/
s41418-023-01178-1
53. Balakrishna A, Kumar MH. Evaluation of synergetic anticancer ac-
tivity of Berberine and Curcumin on different models of A549, Hep-G2, 
MCF-7, Jurkat, and K562 cell lines. Biomed Res Int. 2015;2015:354614. 
doi: 10.1155/2015/354614
54. Behl T, Kumar K, Brisc C, Rus M, Nistor-Cseppento DC, Bus tea C, 
Aron RAC, Pantis C, Zengin G, Sehgal A, Kaur R, Kumar A, Arora S, Se-
tia D, Chandel D, Bungau S. Exploring the multifocal role of phytoche-
micals as immunomodulators. Biomed Pharmacother. 2021;133:110959. 
doi: 10.1016/j.biopha.2020.110959
55. Chonov DC, Ignatova MMK, Ananiev JR, Gulubova MV. IL-6 acti-
vities in the tumour microenvironment. Part 1. Open Access Maced J 
Med Sci. 2019;7(14):2391–2398. doi: 10.3889/oamjms.2019.589
56. Zebeaman M, Tadesse MG, Bachheti RK, Bachheti A, Gebeyhu R, 
Chaubey KK. Plants and plant-derived molecules as natural immunomo-
dulators. Biomed Res Int. 2023;2023:7711297. doi: 10.1155/2023/7711297
57. Jantan I, Ahmad W, Bukhari SNA. Plant-derived immunomodula-
tors: An insight on their preclinical evaluation and clinical trials. Front 
Plant Sci. 2015;6:655. doi: 10.3389/fpls.2015.00655
58. Gorabi AM, Razi B, Aslani S, Abbasifard M, Imani D, Sathyapalan T, 
Sahebkar A. Effect of curcumin on proinflammatory cytokines: A meta-
analysis of randomized controlled trials. Cytokine. 2021;143:155541. doi: 
10.1016/j.cyto.2021.155541
59. Kumar A, Yadav G. Potential role of medicinal plants for their im-
munomodulatory activity — a review. Annals of Clinical Pharmacolo-
gy & Toxicology. 2022;3(1):1021.

60. Yadav R, Jee B, Awasthi SK. Curcumin suppresses the produc-
tion of pro-inflammatory cytokine interleukin-18 in lipopolysaccha-
ride stimulated murine macrophage-like cells. Indian J Clin Biochem. 
2015;30(1):109–112. doi: 10.1007/s12291-014-0452-2
61. Peng J, Zheng TT, Li X, Liang Y, Wang LJ, Huang YC, Xiao HT. Plant-
derived alkaloids: The promising disease-modifying agents for inflam-
matory bowel disease. Front Pharmacol. 2019;10:351. doi: 10.3389/
fphar.2019.00351
62. Bose S, Panda AK, Mukherjee S, Sa G. Curcumin and tumor im-
mune-editing: Resurrecting the immune system. Cell Div. 2015;10:6. doi: 
10.1186/s13008-015-0012-z
63. Daniel L. Pouliquen, Koraljka Gall Trošelj and Ruby John Anto Cur-
cuminoids as anticancer drugs: Pleiotropic effects, potential for me-
tabolic reprogramming and prospects for the future. Pharmaceutics. 
2023;15(6):1612. doi: 10.3390/pharmaceutics15061612
64. Ma J, Chan CC, Huang WC, Kuo ML. Berberine inhibits pro-inflam-
matory cytokine-induced IL-6 and CCL11 production via modulation 
of STAT6 pathway in human bronchial epithelial cells. Int J Med Sci. 
2020;17(10):1464–1473. doi: 10.7150/ijms.45400
65. Xiong K, Deng J, Yue T, Hu W, Zeng X, Yang T, Xiao T. Berberine pro-
motes M2 macrophage polarisation through the IL-4-STAT6 signalling 
pathway in ulcerative colitis treatment. Heliyon. 2023;9(3):e14176. doi: 
10.1016/j.heliyon.2023.e14176
66. Thomas A, Kamble S, Deshkar S, Kothapalli L, Chitlange S. Bio-
availability of berberine: Challenges and solutions. Istanbul J Pharm. 
2021;51(1):141–153. doi: 10.26650/IstanbulJPharm.2020.0056
67. Cosme  P, Rodríguez  AB, Espino  J, Garrido  M. Plant phenolics: 
Bioavai lability as a key determinant of their potential health-promo-
ting applications. Antioxidants (Basel). 2020;9(12):1263. doi: 10.3390/
antiox9121263
68. Aghili  ZS, Magnani  M, Ghatrehsamani  M, Dehkordi  AN, Mirza-
ei  SA, Dehkordi  MB. Intelligent berberine-loaded erythrocytes atte-
nuated inflammatory cytokine productions in macrophages. Sci Rep. 
2024;14(1):9381. doi: 10.1038/s41598-024-60103-9

СПИСОК ЛИТЕРАТУРЫ
1. Nasim  N., Sandeep  I.S., Mohanty  S. Plant-derived natural pro-
ducts for drug discovery: Current approaches and prospects // Nu-
cleus (Calcutta). 2022. Vol. 65, N. 3. P. 399–411. doi: 10.1007/s13237-
022-00405-3
2. Sevastre A.S., Manea E.V., Popescu O.S., et al. Intracellular pathways 
and mechanisms of colored secondary metabolites in cancer therapy // 
Int J Mol Sci. 2022. Vol. 23, N. 17. P. 9943. doi: 10.3390/ijms23179943
3. Raskin I., Ribnicky D.M., Komarnytsky S., et al. Plants and human 
health in the twenty-first century // Trends Biotechnol. 2002. Vol. 20, 
N. 12. P. 522–531. doi: 10.1016/s0167-7799(02)02080-2
4. Twaij B.M., Hasan M.N. Bioactive secondary metabolites from plant 
sources: Types, synthesis, and their therapeutic uses // Int J Plant Biol. 
2022. Vol. 13, N. 1. P. 4–14. doi: 10.3390/ijpb13010003
5. Guerriero  G., Berni  R., Muñoz-Sanchez  J.A., et al. Production of 
plant secondary metabolites: Examples, tips and suggestions for bio-
technologists // Genes (Basel). 2018. Vol. 9, N. 6. P. 309. doi: 10.3390/
genes9060309
6. Isah  T. Stress and defense responses in plant secondary meta-
bolites production // Biol Res. 2019. Vol. 52, N. 1. P. 39. doi: 10.1186/
s40659-019-0246-3
7. Lal N., Sahu N., Shirale A.O., et al. Plant secondary metabolites and 
their impact on human health. In: Rajput V.D., El-Ramady H., Upadhy-
ay S.K., et al., editors. Nano-biofortification for human and environ-

mental health. Sustainable plant nutrition in a changing world. Sprin-
ger, 2023. p. 295–321. doi: 10.1007/978-3-031-35147-1_15
8. Mushtaq S., Abbasi B.H., Uzairm B., Abbasi R. Natural products as 
reservoirs of novel therapeutic agents // EXCLI J. 2018. Vol. 17. P. 420–
451. doi: 10.17179/excli2018-1174
9. Жуковская Е.В., Петрушкина Н.П. Фитотерапия в онкологии // 
Педиатрический вестник Южного Урала. 2019. № 1. С. 57–65. doi: 
10.34710/Chel.2019.56.48.010
10. Камалова  Я.Н., Карамова  Н.С., Зеленихин  П.В., и др. Расти-
тельное сырье как потенциальный источник противоопухолевых 
агентов // Учёные записки Казанского университета. Серия: есте-
ственные науки. 2019. Т. 161, № 3. С. 385–394. doi: 10.26907/2542-
064X.2019.3.385-394
11. Hussein R.A., El-Anssary A.A. Plants secondary metabolites: The 
key drivers of the pharmacological actions of medicinal plants. In: 
Builders P.F., editor. Herbal medicine. London: IntechOpen, 2018. p. 13–
30. doi: 10.5772/intechopen.76139
12. Ramakrishna W., Kumari A., Rahman N., Mandave P. Anticancer 
activities of plant secondary metabolites: Rice callus suspension cul-
ture as a new paradigm // Rice Science. 2021. Vol. 28, N. 1. P. 13–30. doi: 
10.1016/j.rsci.2020.11.004
13. Li Y., Kong D., Fu Y., et al. The effect of developmental and en-
vironmental factors on secondary metabolites in medicinal plants // 

https://doi.org/10.1159/000441148
https://doi.org/10.1038/s41418-023-01178-1
https://doi.org/10.1038/s41418-023-01178-1
https://doi.org/10.1155/2015/354614
https://doi.org/10.1016/j.biopha.2020.110959
https://doi.org/10.3889/oamjms.2019.589
https://doi.org/10.1155/2023/7711297
https://doi.org/10.3389/fpls.2015.00655
https://doi.org/10.1016/j.cyto.2021.155541
https://doi.org/10.1007/s12291-014-0452-2
https://doi.org/10.3389/fphar.2019.00351
https://doi.org/10.3389/fphar.2019.00351
https://doi.org/10.1186/s13008-015-0012-z
https://doi.org/10.3390/pharmaceutics15061612
https://doi.org/10.7150/ijms.45400
https://doi.org/10.1016/j.heliyon.2023.e14176
https://doi.org/10.26650/IstanbulJPharm.2020.0056
https://doi.org/10.3390/antiox9121263
https://doi.org/10.3390/antiox9121263
https://doi.org/10.1038/s41598-024-60103-9
https://doi.org/10.1007/s13237-022-00405-3
https://doi.org/10.1007/s13237-022-00405-3
https://doi.org/10.3390/ijms23179943
https://doi.org/10.1016/s0167-7799(02)02080-2
https://doi.org/10.3390/ijpb13010003
https://doi.org/10.3390/genes9060309
https://doi.org/10.3390/genes9060309
https://doi.org/10.1186/s40659-019-0246-3
https://doi.org/10.1186/s40659-019-0246-3
https://doi.org/10.1007/978-3-031-35147-1_15
https://doi.org/10.17179/excli2018-1174
https://doi.org/10.34710/Chel.2019.56.48.010
https://doi.org/10.26907/2542-064X.2019.3.385-394
https://doi.org/10.26907/2542-064X.2019.3.385-394
https://doi.org/10.5772/intechopen.76139
https://doi.org/10.1016/j.rsci.2020.11.004


822

DOI: https://doi.org/10.17816/KMJ634368

Казанский медицинский журнал, 2024. Том 105, № 5ОБЗОРЫ

Plant Physiol Biochem. 2020. Vol.  148. P.  80–89. doi: 10.1016/j.pla-
phy.2020.01.006
14. Asare M.O., Száková J., Tlustoš P. The fate of secondary meta-
bolites in plants growing on Cd-, As-, and Pb-contaminated soils — 
a comprehensive review // Environ Sci Pollut Res. 2023. Vol. 30, N. 5. 
P. 11378–11398. doi: 10.1007/s11356-022-24776-x
15. Abotaleb M., Samuel S.M., Varghese E., et al. Flavonoids in cancer 
and apoptosis // Cancers (Basel). 2018. Vol. 11, N. 1. P. 28. doi: 10.3390/
cancers11010028
16. Rajayan J.S., Chandrasekar V., Duraipandian C., Rajendran K. In vi-
tro evaluation of extracts from Ixora Species for a potential phytoso-
mal formulation // Cureus. 2024. Vol. 16, N. 3. P. e55396. doi: 10.7759/
cureus.55396
17. Liskova A., Koklesova L., Samec M., et al. Flavonoids in cancer me-
tastasis // Cancers (Basel). 2020. Vol. 12, N. 6. P. 1498. doi: 10.3390/
cancers12061498
18. Ci Y., Zhang Y., Liu Y., et al. Myricetin suppresses breast cancer me-
tastasis through down-regulating the activity of matrix metalloprotei-
nase (MMP)-2/9 // Phytother Res. 2018. Vol. 32, N. 7. P. 1373–1381. doi: 
10.1002/ptr.6071
19. Bradley D.P., O'Dea A.T., Woodson M.E., et al. Effects of troponoids 
on mitochondrial function and cytotoxicity // Antimicrob Agents Che-
mother. 2022. Vol. 66, N. 1. P. e0161721. doi: 10.1128/AAC.01617-21
20. Кит О.И., Жукова Г.В., Толкачев О.Н., и др. Противоопухолевые 
факторы природного происхождения и некоторые подходы к раз-
работке эффективных схем фитотерапии в онкологии // Вопросы 
онкологии. 2022. Т.  68, № 5. С.  527–538. doi: 10.37469/0507-3758-
2022-68-5-527-538
21. Li Y., Yang J., Niu L., et al. Structural insights into the design of in-
dole derivatives as tubulin polymerization inhibitors // FEBS Lett. 2020. 
Vol. 594, N. 1. P. 199–204. doi: 10.1002/1873-3468.13566
22. Hawash M., Kahraman D.C., Olgac A., et al. Design and synthe-
sis of novel substituted indole-acrylamide derivatives and eva luation of 
their anti-cancer activity as potential tubulin-targeting agents // J Mol 
Struct. 2022. Vol. 1254. P. 132345. doi: 10.1016/j.molstruc.2022.132345
23. Luo M.L., Huang W., Zhu H.P., et al. Advances in indole-contai-
ning alkaloids as potential anticancer agents by regulating autopha-
gy // Biomed Pharmacother. 2022. Vol. 149. P. 112827. doi: 10.1016/j.bi-
opha.2022.112827
24. Shestakova K.M., Moskaleva N.E., Boldin A.A., et al. Targeted me-
tabolomic profiling as a tool for diagnostics of patients with non-small-
cell lung cancer // Sci Rep. 2023. Vol. 13, N. 1. P. 11072. doi: 10.1038/
s41598-023-38140-7
25. Li J., Li J.X., Jiang H., et al. Phytochemistry and biological activities 
of corynanthe alkaloids // Phytochemistry. 2023. Vol. 213. P. 113786. doi: 
10.1016/j.phytochem.2023.113786
26. Pan L., Terrazas C., Acuna U.M., et al. Bioactive indole alkaloids iso-
lated from Alstonia angustifolia // Phytochem Lett. 2014. Vol. 10. P. 54–
59. doi: 10.1016/j.phytol.2014.06.010
27. Корти Ф., Ронки М., Рива А. Композиции, содержащие бербе-
рин. Патент РФ №2788599. Бюл. №3 от 23.01.2023. EDN: UICPHL
28. Бенам Д. Солюбилизат с куркумином и при необходимости по 
меньшей мере с одним другим активным веществом. Патент РФ 
№2752078. Бюл. №21 от 22.07.2021. EDN: XSWOKH
29. Zhao  Z., Zeng  J., Guo  Q., et al Berberine suppresses stemness 
and tumorigenicity of colorectal cancer stem-like cells by inhibiting 
m6a methylation // Front Oncol. 2021. Vol. 11. P. 775418. doi: 10.3389/
fonc.2021.775418
30. Du  H., Gu  J., Peng  Q., et al. Berberine suppresses EMT in liver 
and gastric carcinoma cells through combination with TGFβR regu-

lating TGF-β/Smad pathway // Oxid Med Cell Longev. 2021. Vol. 2021. 
P. 2337818. doi: 10.1155/2021/2337818
31. Aleissa M.S., Al-Zharani M., Alneghery L.M., Aleissa A.M. Berbe-
rine enhances the sensitivity of radiotherapy in ovarian cancer cell line 
(SKOV-3) // Saudi Pharm J. 2023. Vol. 31, N. 1. P. 110–118. doi: 10.1016/j.
jsps.2022.11.009
32. Li Q., Zhao H., Chen W., Huang P. Berberine induces apoptosis and 
arrests the cell cycle in multiple cancer cell lines // Arch Med Sci. 2023. 
Vol. 19, N. 5. P. 1530–1537. doi: 10.5114/aoms/132969
33. Gong  C., Hu  X., Xu  Y., et al. Berberine inhibits proliferation and 
migration of colorectal cancer cells by downregulation of GRP78  // 
Anticancer Drugs. 2020. Vol.  31, N.  2. P.  141–149. doi: 10.1097/
CAD.0000000000000835
34. Liu J., Zhu Z., Liu Y., et al. MDM2 inhibition-mediated auto phagy 
contributes to the pro-apoptotic effect of berberine in p53-null leukemic 
cells // Life Sci. 2020. Vol. 242. P. 117228. doi: 10.1016/j.lfs.2019.117228
35. Tak J., Sabarwal A., Shyanti R.K., Singh R.P. Berberine enhan ces 
posttranslational protein stability of p21/cip1 in breast cancer cells via 
down-regulation of Akt  // Mol Cell Biochem. 2019. Vol. 458, N. 1–2. 
P. 49–59. doi: 10.1007/s11010-019-03529-4
36. Jin  F., Xie  T., Huang  X., Zhao  X. Berberine inhibits angio-
genesis in glioblastoma xenografts by targeting the VEGFR2/
ERK pathway  // Pharm Biol. 2018. Vol.  56, N.  1. P.  665–671. doi: 
10.1080/13880209.2018.1548627
37. Belanova A., Beseda D., Chmykhalo V., Stepanova A., et al. Ber-
berine effects on NF-KB, HIF1A and NFE2L2/AP-1 pathways in HeLa 
cells // Anticancer Agents Med Chem. 2019. Vol. 19, N. 4. P. 487–501. doi: 
10.2174/1871520619666181211121405
38. Златник  Е.Ю., Енин  Я.С., Буров  О.Н., и др. Молекулярно-
клеточные аспекты воздействия вторичных метаболитов барбариса 
обыкновенного и белокопытника гибридного на клеточную линию 
HeLa  // Исследования и практика в медицине. 2023. T.  10, №  4. 
C. 31–47. doi: 10.17709/2410-1893-2023-10-4-3
39. Wang Z.C., Wang J., Chen H., et al. Synthesis and anticancer activi-
ty of novel 9,13-disubstituted berberine derivatives // Bioorg Med Chem 
Lett. 2020. Vol. 30, N. 2. P. 126821. doi: 10.1016/j.bmcl.2019.126821
40. Rauf A., Abu-Izneid T., Khalil A.A., et al. Berberine as a potential 
anticancer agent: A comprehensive review // Molecules. 2021. Vol. 26, 
N. 23. P. 7368. doi: 10.3390/molecules26237368
41. Cuan X., Yang X., Zhu W., et al. Antitumor effects of Erlotinib in com-
bination with berberine in A431 cells // BMC Pharmacol Toxicol. 2023. 
Vol. 24, N. 1. P. 29. doi: 10.1186/s40360-023-00661-2
42. Adiwidjaja  J., Boddy  A.V., McLachlan  A.J. Physiologically based 
pharmacokinetic model predictions of natural product-drug interac-
tions between goldenseal, berberine, imatinib and bosutinib // Eur J 
Clin Pharmacol. 2022. Vol. 78, N. 4. P. 597–611. doi: 10.1007/s00228-
021-03266-y
43. Wu X., Li Q., Xin H., et al. Effects of Berberine on the blood con-
centration of Cyclosporine A in renal transplanted recipients: Clinical 
and pharmacokinetic study // Eur J Clin Pharmacol. 2005. Vol. 61, N. 8. 
P. 567–572. doi: 10.1007/s00228-005-0952-3
44. Feng R., Shou J.W., Zhao Z.X., et al. Transforming berberine into its 
intestine-absorbable form by the gut microbiota // Sci Rep. 2015. Vol. 5. 
P. 1–15. doi: 10.1038/srep12155
45. Yang F., Gao R., Luo X., et al. Berberine influences multiple disea-
ses by modifying gut microbiota // Front Nutr. 2023. Vol. 10. P. 1187718. 
doi: 10.3389/fnut.2023.1187718
46. Vadukoot A.K., Mottemmal S., Vekaria P.H. Curcumin as a potential 
therapeutic agent in certain cancer types // Cureus. 2022. Vol. 14, N. 3. 
P. e22825. doi: 10.7759/cureus.22825

https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1016/j.plaphy.2020.01.006
https://doi.org/10.1007/s11356-022-24776-x
https://doi.org/10.3390/cancers11010028
https://doi.org/10.3390/cancers11010028
https://doi.org/10.7759/cureus.55396
https://doi.org/10.7759/cureus.55396
https://doi.org/10.3390/cancers12061498
https://doi.org/10.3390/cancers12061498
https://doi.org/10.1002/ptr.6071
https://doi.org/10.1128/AAC.01617-21
https://doi.org/10.37469/0507-3758-2022-68-5-527-538
https://doi.org/10.37469/0507-3758-2022-68-5-527-538
https://doi.org/10.1002/1873-3468.13566
https://doi.org/10.1016/j.molstruc.2022.132345
https://doi.org/10.1016/j.biopha.2022.112827
https://doi.org/10.1016/j.biopha.2022.112827
https://doi.org/10.1038/s41598-023-38140-7
https://doi.org/10.1038/s41598-023-38140-7
https://doi.org/10.1016/j.phytochem.2023.113786
https://doi.org/10.1016/j.phytol.2014
https://www.elibrary.ru/UICPHL
https://www.elibrary.ru/XSWOKH
https://doi.org/10.3389/fonc.2021.775418
https://doi.org/10.3389/fonc.2021.775418
https://doi.org/10.1155/2021/2337818
https://doi.org/10.1016/j.jsps.2022.11.009
https://doi.org/10.1016/j.jsps.2022.11.009
https://doi.org/10.5114/aoms/132969
https://doi.org/10.1097/CAD.0000000000000835
https://doi.org/10.1097/CAD.0000000000000835
https://doi.org/10.1016/j.lfs.2019.117228
https://doi.org/10.1007/s11010-019-03529-4
https://doi.org/10.1080/13880209.2018.1548627
https://doi.org/10.2174/1871520619666181211121405
https://doi.org/10.17709/2410-1893-2023-10-4-3
https://doi.org/10.1016/j.bmcl.2019.126821
https://doi.org/10.3390/molecules26237368
https://doi.org/10.1186/s40360-023-00661-2
https://doi.org/10.1007/s00228-021-03266-y
https://doi.org/10.1007/s00228-021-03266-y
https://doi.org/10.1007/s00228-005-0952-3
https://doi.org/10.1038/srep12155
https://doi.org/10.3389/fnut.2023.1187718
https://doi.org/10.7759/cureus.22825


823
Kazan Medical Journal 2024, Vol. 105, No. 5

DOI: https://doi.org/10.17816/KMJ634368

REVIEWS

47. Zoi V., Galani V., Lianos G.D., et al. The role of Curcumin in cancer 
treatment // Biomedicines. 2021. Vol. 9, N. 9. P. 1086. doi: 10.3390/bio-
medicines9091086
48. Yun C.W., Jeon J., Go G., et al. The dual role of autophagy in can-
cer development and a therapeutic strategy for cancer by targe ting 
auto phagy  // Int J Mol Sci. 2020. Vol.  22, N.  1. P.  179. doi: 10.3390/
ijms22010179
49. Кушнир Т.И., Арноцкая Н.Е., Кудрявцев И.А., Шевченко В.Е. Те-
рапевтический потенциал куркумина для лечения мультиформной 
глиобластомы // Успехи молекулярной онкологии. 2020. T. 7, № 1. 
С. 8–16. doi: 10.17650/2313-805X-2020-7-1-8-16
50. Moon D.O. Curcumin in cancer and inflammation: An in-depth ex-
ploration of molecular interactions, therapeutic potentials, and the role 
in disease management // Int J Mol Sci. 2024. Vol. 25, N. 5. P. 2911. doi: 
10.3390/ijms25052911
51. Mahammedi H., Planchat E., Pouget M., et al. The new combina-
tion Docetaxel, Prednisone and Curcumin in patients with castration-re-
sistant prostate cancer: A pilot phase II study // Oncology. 2016. Vol. 90, 
N. 2. P. 69–78. doi: 10.1159/000441148
52. Liu C., Rokavec M., Huang Z., Hermeking H. Curcumin activates 
a ROS/KEAP1/NRF2/miR-34a/b/c cascade to suppress colorectal can-
cer metastasis // Cell Death Differ. 2023. Vol. 30, N. 7. P. 1771–1785. doi: 
10.1038/s41418-023-01178-1
53. Balakrishna A., Kumar M.H. Evaluation of synergetic anticancer 
activity of Berberine and Curcumin on different models of A549, Hep-
G2, MCF-7, Jurkat, and K562 cell lines // Biomed Res Int. 2015. Vol. 2015. 
P. 354614. doi: 10.1155/2015/354614
54. Behl T., Kumar K., Brisc C., et al. Exploring the multifocal role of 
phytochemicals as immunomodulators // Biomed Pharmacother. 2021. 
Vol. 133. P. 110959. doi: 10.1016/j.biopha.2020.110959
55. Chonov D.C., Ignatova M.M.K., Ananiev J.R., Gulubova M.V. IL-6 ac-
tivities in the tumour microenvironment. Part 1 // Open Access Maced J 
Med Sci. 2019. Vol. 7, N. 14. P. 2391–2398. doi: 10.3889/oamjms.2019.589
56. Zebeaman M., Tadesse M.G., Bachheti R.K., et al. Plants and plant-
derived molecules as natural immunomodulators // BioMed Res Int. 
2023. Vol. 2023. P. 7711297. doi: 10.1155/2023/7711297
57. Jantan  I., Ahmad  W., Bukhari  S.N.A. Plant-derived immunomo-
dulators: An insight on their preclinical evaluation and clinical trials // 
Front Plant Sci. 2015. Vol. 6. P. 655. doi: 10.3389/fpls.2015.00655

58. Gorabi A.M., Razi B., Aslani S., et al. Effect of curcumin on proin-
flammatory cytokines: A meta-analysis of randomized controlled tri-
als // Cytokine. 2021. Vol. 143. P. 155541. doi: 10.1016/j.cyto.2021.155541
59. Kumar A., Yadav G. Potential role of medicinal plants for their im-
munomodulatory activity — a review // Annals of Clinical Pharmaco-
logy & Toxicology. 2022. Vol. 3, N. 1. P. 1021.
60. Yadav R., Jee B., Awasthi S.K. Curcumin suppresses the production 
of pro-inflammatory cytokine interleukin-18 in lipopolysaccharide sti-
mulated murine macrophage-like cells // Indian J Clin Biochem. 2015. 
Vol. 30, N. 1. Р. 109–112. doi: 10.1007/s12291-014-0452-2
61. Peng J., Zheng T.T., Li X., et al. Plant-derived alkaloids: The pro-
mising disease-modifying agents for inflammatory bowel disease // 
Front Pharmacol. 2019. Vol. 10. P. 351. doi: 10.3389/fphar.2019.00351
62. Bose  S., Panda  A.K., Mukherjee  S., Sa  G. Curcumin and tumor 
immune-editing: Resurrecting the immune system  // Cell Div. 2015. 
Vol. 10. P. 6. doi: 10.1186/s13008-015-0012-z
63. Daniel L. Pouliquen, Koraljka Gall Trošelj and Ruby John Anto Cur-
cuminoids as anticancer drugs: Pleiotropic effects, potential for me-
tabolic reprogramming and prospects for the future // Pharmaceutics. 
2023. Vol. 15, N. 6. Р. 1612. doi: 10.3390/pharmaceutics15061612
64. Ma J., Chan C.C., Huang W.C., Kuo M.L. Berberine inhibits pro-in-
flammatory cytokine-induced IL-6 and CCL11 production via modulation 
of STAT6 pathway in human bronchial epithelial cells // Int J Med Sci. 
2020. Vol. 17, N. 10. Р. 1464–1473. doi: 10.7150/ijms.45400
65. Xiong K., Deng J., Yue T., et al. Berberine promotes M2 macro-
phage polarisation through the IL-4-STAT6 signalling pathway in ul-
cerative colitis treatment // Heliyon. 2023. Vol. 9, N. 3. Р. e14176. doi: 
10.1016/j.heliyon.2023.e14176
66. Thomas A., Kamble S., Deshkar S., et al. Bioavailability of berbe-
rine: Challenges and solutions // Istanbul J Pharm. 2021. Vol. 51, N. 1. 
P. 141–153. doi: 10.26650/IstanbulJPharm.2020.0056
67. Cosme P., Rodríguez A.B., Espino J., Garrido M. Plant phenolics: 
Bioavailability as a key determinant of their potential health-promo-
ting applications // Antioxidants (Basel). 2020. Vol. 9, N. 12. P. 1263. doi: 
10.3390/antiox9121263
68. Aghili Z.S., Magnani M., Ghatrehsamani M., et al. Intelligent berbe-
rine-loaded erythrocytes attenuated inflammatory cytokine productions 
in macrophages // Sci Rep. 2024. Vol. 14, N. 1. P. 9381. doi: 10.1038/
s41598-024-60103-9

https://doi.org/10.3390/biomedicines9091086
https://doi.org/10.3390/biomedicines9091086
https://doi.org/10.3390/ijms22010179
https://doi.org/10.3390/ijms22010179
https://doi.org/10.17650/2313-805X-2020-7-1-8-16
https://doi.org/10.3390/ijms25052911
https://doi.org/10.1159/000441148
https://doi.org/10.1038/s41418-023-01178-1
https://doi.org/10.1155/2015/354614
https://doi.org/10.1016/j.biopha.2020.110959
https://doi.org/10.3889/oamjms.2019.589
https://doi.org/10.1155/2023/7711297
https://doi.org/10.3389/fpls.2015.00655
https://doi.org/10.1016/j.cyto.2021.155541
https://doi.org/10.1007/s12291-014-0452-2
https://doi.org/10.3389/fphar.2019.00351
https://doi.org/10.1186/s13008-015-0012-z
https://doi.org/10.3390/pharmaceutics15061612
https://doi.org/10.7150/ijms.45400
https://doi.org/10.1016/j.heliyon.2023.e14176
https://doi.org/10.26650/IstanbulJPharm.2020.0056
https://doi.org/10.3390/antiox9121263
https://doi.org/10.1038/s41598-024-60103-9
https://doi.org/10.1038/s41598-024-60103-9


824

DOI: https://doi.org/10.17816/KMJ634368

Казанский медицинский журнал, 2024. Том 105, № 5ОБЗОРЫ

AUTHORS’ INFO
*Elena Yu. Zlatnik, MD, Dr. Sci. (Med.), Prof., Chief Researcher, 
Laboratory of immunophenotyping of tumors, National Medical 
Research Centre for Oncology, Rostov-on-Don, Russia;
ORCID: 0000-0002-1410-122X;
eLibrary SPIN: 4137-7410;
e-mail: elena-zlatnik@mail.ru

Alexander B. Sagakyants, Cand. Sci. (Biol.), Assoc. Prof., Head, 
Laboratory of Tumor Immunophenotyping, National Medical 
Research Centre for Oncology; Rostov-on-Don, Russia;
ORCID: 0000-0003-0874-5261;
eLibrary SPIN: 7272-1408;
е-mail: asagak@rambler.ru

Eugenia M. Nepomnyashchaya, MD, Dr. Sci. (Med.), Prof., 
Pathological Anatomy Depart., National Medical Research Centre 
for Oncology, Rostov-on-Don, Russia;
ORCID: 0000-0003-0521-8837;
eLibrary SPIN: 8930-9580;
e-mail: evgeniyamarkovna@mail.ru

Natalya A. Zakharova, MD, Cand. Sci. (Med.), Oncologist, Depart. 
of Reconstructive Plastic Surgery, National Medical Research 
Centre for Oncology, Rostov-on-Don, Russia;
ORCID: 0000-0001-7089-5020;
eLibrary SPIN: 2182-9981;
e-mail: zakharova.tata@yandex.ru

Yulia V. Ulyanova, MD, Cand. Sci. (Med.), Oncologist, Depart. 
of Head and Neck Tumors, National Medical Research Centre 
for Oncology, Rostov-on-Don, Russia;
ORCID: 0000-0002-0361-330X;
eLibrary SPIN: 1276-9063;
e-mail: 2014_ulia@mail.ru

ОБ АВТОРАХ
*Златник Елена Юрьевна, д-р мед. наук, проф., гл. науч. 
сотр., лаб. иммунофенотипирования опухолей, ФГБУ НМИЦ 
онкологии Минздрава России, г. Ростов-на-Дону, Россия;
ORCID: 0000-0002-1410-122X;
eLibrary SPIN: 4137-7410;
e-mail: elena-zlatnik@mail.ru

Сагакянц Александр Борисович, канд. биол. наук, доц., зав. 
лаб., лаб. иммунофенотипирования опухолей, ФГБУ НМИЦ 
онкологии Минздрава России, г. Ростов-на-Дону, Россия;
ORCID: 0000-0003-0874-5261;
eLibrary SPIN: 7272-1408;
е-mail: asagak@rambler.ru

Непомнящая Евгения Марковна, д-р мед. наук, проф., 
патологоанатомическое отд., ФГБУ НМИЦ онкологии 
Минздрава России, г. Ростов-на-Дону, Россия;
ORCID: 0000-0003-0521-8837;
eLibrary SPIN: 8930-9580;
e-mail: evgeniyamarkovna@mail.ru

Захарова Наталья Александровна, канд. мед. наук, врач-
онколог, отд. реконструктивно-пластической хирургии, ФГБУ 
НМИЦ онкологии Минздрава России, г. Ростов-на-Дону, Россия;
ORCID: 0000-0001-7089-5020;
eLibrary SPIN: 2182-9981;
e-mail: zakharova.tata@yandex.ru

Ульянова Юлия Викторовна, канд. мед. наук, врач-онколог, 
отд. опухолей головы и шеи, ФГБУ НМИЦ онкологии 
Минздрава России, г. Ростов-на-Дону, Россия;
ORCID: 0000-0002-0361-330X;
eLibrary SPIN: 1276-9063;
e-mail: 2014_ulia@mail.ru

* Corresponding author / Автор, ответственный за переписку 

https://orcid.org/0000-0002-1410-122X
https://www.elibrary.ru/author_profile.asp?spin=4137-7410
mailto:elena-zlatnik@mail.ru
https://orcid.org/0000-0003-0874-5261
https://www.elibrary.ru/author_profile.asp?spin=7272-1408
https://orcid.org/0000-0003-0521-8837
https://www.elibrary.ru/author_profile.asp?spin=8930-9580
mailto:evgeniyamarkovna@mail.ru
https://orcid.org/0000-0001-7089-5020
https://www.elibrary.ru/author_profile.asp?spin=2182-9981
mailto:zakharova.tata@yandex.ru
https://orcid.org/0000-0002-0361-330X
https://www.elibrary.ru/author_profile.asp?spin=1276-9063
mailto:2014_ulia@mail.ru
https://orcid.org/0000-0002-1410-122X
https://www.elibrary.ru/author_profile.asp?spin=4137-7410
mailto:elena-zlatnik@mail.ru
https://orcid.org/0000-0003-0874-5261
https://www.elibrary.ru/author_profile.asp?spin=7272-1408
https://orcid.org/0000-0003-0521-8837
https://www.elibrary.ru/author_profile.asp?spin=8930-9580
mailto:evgeniyamarkovna@mail.ru
https://orcid.org/0000-0001-7089-5020
https://www.elibrary.ru/author_profile.asp?spin=2182-9981
mailto:zakharova.tata@yandex.ru
https://orcid.org/0000-0002-0361-330X
https://www.elibrary.ru/author_profile.asp?spin=1276-9063
mailto:2014_ulia@mail.ru

	Possibilities of using secondary plant metabolites as antitumor agents
	Abstract
	To cite this article:
	Biological justification of the use of secondary plant metabolites in oncology
	Antitumor properties of berberine and its derivatives
	Antitumor properties of curcumin and its derivatives
	Immunotropic and anti-inflammatory effects of secondary plant metabolites as a component of the anti
	Possible causes of insufficient antitumor efficiency of secondary plant metabolites
	Conclusion
	Additional information
	References
	Authors’ info


