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ABSTRACT

Amaryllidaceae alkaloids have attracted significant attention in cancer research for their potential antitumor
properties. To date, numerous studies have investigated the effects of these alkaloids on cancer cell lines, but a
comprehensive synthesis of the existing evidence through a literature review is warranted. This article presents a
comprehensive literature review aimed at evaluating the antitumor effects of amaryllidaceae alkaloids on various
cancer cell lines and elucidating the underlying mechanisms of action. A search was conducted in major scientific
databases, including Google Scholar, PubMed, Scopus, and Web of Science, to identify relevant studies published
between 2013 and 2023. Studies that examined the antitumor effects of amaryllidaceae alkaloids on cancer cell
lines were included in the review. Data were extracted, analyzed, and synthesized to provide an in-depth overview
of the findings. The alkaloids exhibited potent cytotoxicity and suppressed cell proliferation in a concentration-
dependent manner. Mechanistic investigations unveiled that amaryllidaceae alkaloids induced apoptosis, cell
cycle arrest, and hindered angiogenesis in cancer cells. Moreover, they demonstrated favorable selectivity
towards cancer cells, sparing normal cells, suggesting potential as targeted therapies. This literature review
consolidates and critically appraises the available evidence on the antitumor effects of amaryllidaceae alkaloids
on cancer cell lines. The findings underscore their potential as promising candidates for further exploration in
cancer therapeutics. Future preclinical and clinical studies are vital to advance their development and translation
into effective anticancer drugs.
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The utilization of natural compounds from plants has
garnered attention as it offers an innovative and less toxic
approach to combating cancer, minimizing the side effects

INTRODUCTION

Plants from the Amaryllidaceae family have been
extensively studied due to the presence of various
pharmacologically active alkaloids. Among these compounds,
amaryllidaceae alkaloids have gained attention for their
potential antitumor activities. This botanical family harbors
several species rich in alkaloids, such as crinine, lycorine,
narciprimine, and galantamine, which have been subject to
increasing interest in oncological research [1].

The pursuit of novel cancer treatments has propelled the
investigation of natural compounds from plant sources, and
amaryllidaceae plants emerge as promising reservoirs of
bioactive compounds [2]. Previous studies have reported that
these alkaloids may exert selective cytotoxic effects on
different cancer cell lines, inhibiting proliferation and inducing
apoptosis in tumor cells [3]. This profile of activity positions
them as potential candidates for the development of new
anticancer therapies [4].

associated with conventional treatments [5]. However, despite
their therapeutic potential, challenges remain, such as
determining the effective dose, assessing toxicity, and
understanding the bioavailability of these compounds|6, 7].

In this context, the present review aims to consolidate the
available scientific evidence on the antitumor effects of
amaryllidaceae alkaloids on cancer cell lines. Through critical
analysis of the literature, we hope to provide a comprehensive
overview of the pharmacological properties of these
compounds, their therapeutic potential, and the challenges to
be overcome for their clinical application. Understanding the
mechanisms of action of these alkaloids and investigating
potential combinations with existing therapies may contribute
to advancing the search for new strategies in cancer treatment.
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MATERIALS & METHODS

Search Strategy

For this literature review, a comprehensive search was
conducted to identify relevant studies on the antitumor effects
of amaryllidaceae alkaloids on cancer cell lines. The search
strategy involved electronic databases, including Google
Scholar, PubMed, Scopus, and Web of Science. The search
terms used were a combination of medical subject headings
and keywords related to amaryllidaceae alkaloids and cancer.
The search was limited to articles published between January
2019 and January 2023. The following search terms and their

variations were used: “amaryllidaceae alkaloids,” “anticancer
activity,” “antitumor effects,” “cancer cell lines,” “in vitro
studies,” “alkaloids,” “neoplastic cells,” and “tumor
inhibition.”

Study Selection

Articles were screened for eligibility based on their titles
and abstracts. Studies were included if they met the following
criteria:

(1) investigated the antitumor effects of amaryllidaceae
alkaloids on cancer cell lines,

(2) performed in vitro experiments,
(3) published in English, and
(4) available as full-text articles.

Studies involving animal models or clinical trials were
excluded from the review. Two independent reviewers
conducted the initial screening, and any discrepancies were
resolved through discussion and consensus.

Data Extraction

Data from the selected studies were extracted using a
standardized data extraction form. The following information
was collected from each study: authors’ names, publication
year, study design, type of amaryllidaceae alkaloids tested,
cancer cell lines used, methods of alkaloid administration,
concentrations tested, treatment duration, and key findings
related to the antitumor effects.

Data Analysis

A qualitative synthesis of the findings was performed. The
antitumor effects of amaryllidaceae alkaloids on different
cancer cell lines were summarized, highlighting the observed
outcomes and potential mechanisms of action. The data were
categorized based on the types of alkaloids tested and the
types of cancer cell lines used in the experiments.

Quality Assessment

The methodological quality of the included studies was
assessed using the Joanna Briggs Institute critical appraisal
tools for experimental studies. This assessment aimed to
evaluate the risk of bias and the quality of evidence presented
in the selected studies. The quality assessment was
independently performed by two reviewers, and any
disagreements were resolved through discussion and
consensus.

Data Synthesis

The extracted data were synthesized to provide a
comprehensive overview of the current evidence on the

antitumor effects of amaryllidaceae alkaloids on cancer cell
lines. The findings were presented in tabular form, and the
results from individual studies were discussed in the context of
the overall findings of the review.

Limitations

It is important to acknowledge potential limitations of this
literature review. The search was limited to articles published
in English and may have excluded relevant studies in other
languages. Additionally, the review focused on in vitro studies
and did not consider in vivo or clinical trials, which could limit
the generalizability of the findings. The quality and
heterogeneity of the included studies were also considered
when interpreting the results.

RESULTS

Antitumor Effects of Amaryllidaceae Alkaloids

The literature review identified a total of 25 studies that
investigated the antitumor effects of amaryllidaceae alkaloids
on various cancer cell lines. The majority of the studies focused
on alkaloids extracted from different Amartllidaceae plant
species, including Galanthus, Lycoris, and Nacissus. These
alkaloids demonstrated a wide range of pharmacological
activities with potential therapeutic effects against cancer.

DISCUSSION

Inhibition of Cancer Cell Proliferation

Several studies reported significant inhibition of cancer cell
proliferation by amaryllidaceae alkaloids. For instance,
alkaloids from Galanthus species showed dose-dependent
growth inhibitory effects on breast cancer cells (MCF-7),
prostate cancer cells (PC-3), and colon cancer cells (HCT116).
Additionally, lycorine, an alkaloid isolated from Lycoris species,
exhibited potent antiproliferative activity against lung cancer
cells (A549) and leukemia cells (K562). These findings suggest
that amaryllidaceae alkaloids possess promising anticancer
properties and can be potential candidates for novel
therapeutic interventions [2-4, 8, 18, 22, 25].

Induction of Apoptosis

The mechanism underlying the antitumor effects of
amaryllidaceae alkaloids was extensively studied, and
apoptosis was identified as a key pathway involved. Several
alkaloids, such as haemanthamine and homolycorine, induced
apoptotic cell death in different cancer cell lines. Activation of
caspases and downregulation of anti-apoptotic proteins, such
as Bcl-2, were observed, indicating the involvement of intrinsic
apoptotic pathways. Moreover, amaryllidaceae alkaloids were
found to trigger the release of cytochrome c¢ from
mitochondria, leading to caspase activation and apoptosis.
These findings support the potential of amaryllidaceae
alkaloids as effective agents for inducing cancer cell death [4,
9, 10-13].

Anti-Inflammatory Properties

The discovery of the anti-inflammatory properties of
amaryllidaceae alkaloids adds an intriguing dimension to their
potential as anticancer agents [14-16]. Inflammation is an
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Table 1. Distribution of articles selected for review

Reference Alkaloid type Cancer type Plant used

Conclusions

Lycoris radiata (L’Hér.)

The cytotoxic effect on MKN-45 and SGC-7901 cells is due to
down-regulation of MCL1, up-regulation ubiquitin E3 ligase

(18] Lycorine Gastric cancer Herb FBXW7. Moreover Lycorine, in synergism with HA14-1 (inhibitor
of BCL2), exhibited anti-tumor activity, in vivo.
- Tumor blood The cytotoxic effect on HUVECs cells is due to inhibition of
[24] Lycorine . . .
vessels cellular migration and tube formation.
The cytotoxic effect is due to the inhibition of mitotic
(30] Lycorine Ovarian cancer proliferation of Hey1B cells, down-regulation of cyclin D3

hydrochloride

expression, and suppression of the formation of capillary-like
tubes.

Narciclasine affects FAK distribution and phosphorylation,

[8] Narciclasine ~ Esophageal cancer Lycoris sanguinea Maxim. inhibiting cell proliferation and migration. FAK/JNK and p38
pathway are also involved in the cell inhibition mechanism.
S S Cytotoxicity occurs through down-regulation of L-
[19] Narciclasine Narciclasine 17A/Act1l/TRAF6/NF-kB anti-apoptotic signaling pathway.
Haemantamine Haemanthamine and haemanthidine inhibit cell proliferation,
7] and Leukemia Habranthus robustus Herb increasing apoptosis and caspases activation, decreasing

Haemantidine

mitochondrial membrane potential and arresingt the cell cyclein
p53-null T cell leukemia Jurkat cells.

essential characteristic of the tumor microenvironment,
playing a pivotal role in the development, progression, and
dissemination of cancer [17]. Amaryllidaceae alkaloids, such as
lycorine and crinine, have demonstrated the ability to
modulate inflammatory responses, which could have a
significant impact in the context of cancer [16, 18].

The modulation of pro-inflammatory cytokines such as
TNF-a (tumor necrosis factor alpha), IL-6 (interleukin-6), and IL-
1B (interleukin-1 beta), by amaryllidaceae alkaloids suggests
that these compounds may have a regulatory effect on the
inflammatory response within the tumor environment [19].
These cytokines are often overexpressed in cancer cells and the
tumor microenvironment, contributing to angiogenesis
promotion, invasion of surrounding tissues, and metastasis
[20]. By inhibiting the production or activity of these pro-
inflammatory cytokines, amaryllidaceae alkaloids could
potentially reduce tumor-associated inflammation and,
consequently, diminish disease progression [21].

The anti-inflammatory effect of amaryllidaceae alkaloids
could impact not only cancer cells directly but also influence
immune cells present in the tumor microenvironment [22].
Modulation of immune responses can profoundly affect the
interaction between cancer cells and immune cells, potentially
influencing the immune system’s ability to recognize and
eliminate tumor cells [23, 24]. This intricate interplay between
inflammation, the immune system, and cancer suggests that
the anti-inflammatory effects of amaryllidaceae alkaloids
might have profound implications for cancer treatment and
prevention [25].

Synergistic Effects With Chemotherapy

Several studies explored the potential synergistic effects of
amaryllidaceae alkaloids with conventional chemotherapeutic
agents [26]. Co-administration of alkaloids with cisplatin,
doxorubicin, and paclitaxel resulted in enhanced cytotoxic
effects on cancer cells [27]. Furthermore, combination therapy
with amaryllidaceae alkaloids was found to sensitize drug-
resistant cancer cells, overcoming chemoresistance [28]. These
findings suggest that amaryllidaceae alkaloids could be
utilized as adjuvants to improve the efficacy of standard cancer
treatments [29].

Mechanisms of Drug Resistance

While amaryllidaceae alkaloids demonstrated significant
antitumor effects, some studies also explored the potential
mechanisms of drug resistance [30]. Upregulation of drug
efflux pumps such as P-glycoprotein, was observed in cancer
cells treated with alkaloids, leading to reduced intracellular
drug accumulation and resistance to apoptosis [31].
Understanding these resistance mechanisms is crucial for
developing strategies to overcome drug resistance and
improve the effectiveness of amaryllidaceae alkaloids as
anticancer agents [32]. The present literature review provides
valuable insights into the antitumor effects of amaryllidaceae
alkaloids on cancer cell lines [33]. The studies reviewed
demonstrated that these alkaloids possess significant growth-
inhibitory effects and induce apoptosis in various cancer cell
types. The activation of apoptotic pathways and the
downregulation of anti-apoptotic proteins indicate their
potential as effective agents for inducing cancer cell death [4,
11, 18, 20, 34].

Furthermore, the anti-inflammatory properties of
amaryllidaceae alkaloids suggest their potential role in
attenuating tumor-associated inflammation. By modulating
inflammatory responses, these alkaloids may contribute to the
suppression of tumor growth and metastasis [21]. Additionally,
their ability to sensitize drug-resistant cancer cells opens up
new avenues for overcoming chemoresistance and improving
the outcomes of conventional chemotherapy [22-24]. The
results also highlight the potential synergistic effects of
amaryllidaceae alkaloids with standard chemotherapeutic
agents. Combination therapy with alkaloids has shown
promise in enhancing the cytotoxic effects of conventional
drugs, making them potential adjuvants for cancer treatment
[25, 26, 35]. However, despite the promising findings, some
studies revealed the emergence of drug resistance
mechanisms in response to amaryllidaceae alkaloid treatment.
Understanding these resistance pathways is crucial for
devising strategies [27, 36].
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CONCLUSIONS

Despite promising results in antitumor studies with

amaryllidaceae alkaloids, gaps still require attention. Pre-

clin

ical and clinical trials, pharmacokinetics, stable

formulations, and drug interactions are essential to validate
their clinical use. Identifying active compounds, understanding
mechanisms of action and molecular targets is also crucial.
Overcoming these challenges can lead to innovative oncology
therapies and improvements in patients’ quality of life.

RE

Author contributions: MJMP: responsible for research design,
literature review, data collection, & analysis related to antitumor
activity of amaryllidaceae alkaloids on cancer cell lines; GNLN:
conducted selection of scientific articles for literature review,
participated in result discussions, & contributed to writing of article;
IAMD: performed critical analyses of studies included in review,
assisted in discussion of mechanisms of action of alkaloids, &
contributed to formulation of conclusions; LNBC: conducted statistical
analyses of collected data & contributed to interpretation of results;
JESP & TDC: participated in identification & selection of
amaryllidaceae alkaloids discussed in review, as well as in discussion
of their potential antitumor properties; LTFS: performed critical
analyses of studies included in review, assisted in discussion of
mechanisms of action of alkaloids, & contributed to formulation of
conclusions; & DS: worked on manuscript review & editing, ensuring
text consistency & coherence, & assisted in article submission for
publication. All authors have agreed with the results and conclusions.

Funding: The authors would like to thank Fundagdo de Amparo a
Pesquisa do Distrito Federal (FAP-DF, process 00193-00002304/2022-
79), Universidade de Gurupi, and Universidade de Brasilia (UnB) for the
financial support.

Ethical statement: The authors stated that the study did not require
ethical approval. Itis a review article on existing literature.

Declaration of interest: No conflict of interest is declared by authors.

Data sharing statement: Data supporting the findings and
conclusions are available upon request from the corresponding author.

FERENCES

Mathieu V, Laguera B, Masi M, et al. Amaryllidaceae
alkaloids decrease the proliferation, invasion, and
secretion of clinically relevant cytokines by cultured
human colon cancer cells. Biomolecules. 2022;12(9):1267.
https://doi.org/10.3390/biom12091267 PMid:36139106
PMCid:PMC9496155

Danquah CA, Minkah PAB, Agana TA, et al. The
phytochemistry and pharmacology of Tulbaghia, Allium,
Crinum and Cyrtanthus: Talented Taxa from the
Amaryllidaceae. Molecules. 2022;27(14):4475.
https://doi.org/10.3390/molecules27144475
PMid:35889346 PMCid:PMC9316996

Habli Z, Toumieh G, Fatfat M, et al. Emerging cytotoxic
alkaloids in the battle against cancer: overview of
molecular mechanisms. Molecules. 2017;22(2):250.
https://doi.org/10.3390/molecules22020250
PMid:28208712 PMCid:PMC6155614

Trujillo L, Bedoya J, Cortés N, et al. Cytotoxic activity of
Amaryllidaceae plants against cancer cells:
biotechnological, in vitro, and in silico approaches.
Molecules.  2023;28(6):2601.  https://doi.org/10.3390/
molecules28062601_ PMid:36985571 PMCid:PMC10058631
Nair JJ, van Staden J. Pharmacological studies of Crinum,
Ammocharis, Amaryllis and Cyrtanthus species of the South
African Amaryllidaceae. South Afr J Botany. 2022;147:238-
44. https://doi.org/10.1016/.sajb.2021.12.021

6.

10.

11.

12.

13.

14.

15.

16.

Havelek R, Muthna D, Tomsik P, et al. Anticancer potential
of Amaryllidaceae alkaloids evaluated by screening with a
panel of human cells, real-time cellular analysis and Ehrlich
tumor-bearing mice. Chem-Biol Interact. 2017;275:121-32.
https://doi.org/10.1016/j.cbi.2017.07.018 PMid:28756149
Havelek R, Seifrtova M, Kralovec K, et al. The effect of
Amaryllidaceae alkaloids haemanthamine and
haemanthidine on cell cycle progression and apoptosis in
p53-negative human leukemic Jurkat cells. Phytomedicine.
2014;21(4):479-90. https://doi.org/10.1016/j.phymed.2013.
09.005_PMid:24182986

Qiu Y, Fang B, Thuy NTT, et al. Narciclasine suppresses
esophageal cancer cell proliferation and migration by
inhibiting the FAK signaling pathway. Eur J Pharmacol.
2022;15(921):174669. https://doi.org/10.1016/j.ejphar.
2021.174669 PMid:35248554

Su J, Huo M, Xu F, et al. Molecular mechanism of lycorine in
the treatment of glioblastoma based on network
pharmacology and molecular docking. Naunyn
Schmiedebergs Arch Pharmacol. 2023;5. https://doi.org/
10.1007/s00210-023-02702-3_.PMCid:PMC10497693

Sancha SAR, Gomes AV, Loureiro JB, et al. Amaryllidaceae-
Type alkaloids from Pancratium maritimum: apoptosis-
inducing effect and cell cycle arrest on triple-negative
breast cancer cells. Molecules. 2022;27(18):5759.
https://doi.org/10.3390/molecules27185759
PMid:36144504 PMCid:PMC9501014

Castaneda C, Bravo K, Cortes N, et al. Amaryllidaceae
alkaloids in skin cancer management: Photoprotective
effect on human keratinocytes and anti-proliferative
activity in melanoma cells. J Appl Biomed. 2023;21(1):36-
47. https://doi.org/10.32725/jab.2023.004 PMid:37016777
Souza ASQ, Sousa JAC, Pinto CS, et al. Untargeted GC/MS-
based approach for identification of anti-inflammatory
alkaloids from Hippeastrum elegans (Amaryllidaceae) using
a human neutrophil model. J Pharm Biomed Anal.
2021;30(199):114061. https://doi.org/10.1016/j.jpba.2021.
114061 PMid:33845386

Ritomska A, Koutova D, Kroustkova J, et al. Design of
semisynthetic derivatives of the Amaryllidaceae alkaloid
ambelline and exploration of their in vitro cytotoxic
activities.  Saudi  Pharm  J.  2023;31(8):101684.
https://doi.org/10.1016/j.jsps.2023.06.017 PMid:37457365
PMCid:PMC10345363

Gasca CA, Moreira NCS, Almeida FC, et al
Acetylcholinesterase inhibitory activity, anti-inflammatory,
and neuroprotective potential of Hippeastrum psittacinum
(Ker Gawl.) herb (Amaryllidaceae). Food Chem Toxicol.
2020;145:111703.
https://doi.org/10.1016/j.fct.2020.111703 PMid:32858133
Di Sotto A, Valipour M, Azari A, et al. Benzoindolizidine
alkaloids tylophorine and lycorine and their analogues with
antiviral, anti-inflammatory, and anticancer properties:
promises and challenges. Biomedicines. 2023;11(10):2619.
https://doi.org/10.3390/biomedicines11102619
PMid:37892993 PMCid:PMC10603990

Katoch D., Sharma U. Simultaneous quantification and
identification of Amaryllidaceae alkaloids in Narcissus
tazetta by ultra performance liquid chromatography-diode
array detector-electrospray ionisation tandem mass
spectrometry. J Pharm Biomed Anal. 2019;175:112750.
https://doi.org/10.1016/].jpba.2019.06.047 PMid:31330284


https://doi.org/10.3390/biom12091267
https://doi.org/10.3390/molecules27144475
https://doi.org/10.3390/molecules22020250
https://doi.org/10.3390/%20molecules28062601
https://doi.org/10.3390/%20molecules28062601
https://doi.org/10.1016/j.sajb.2021.12.021
https://doi.org/10.1016/j.cbi.2017.07.018
https://doi.org/10.1016/j.phymed.2013.%2009.005
https://doi.org/10.1016/j.phymed.2013.%2009.005
https://doi.org/10.1016/j.ejphar.%202021.174669
https://doi.org/10.1016/j.ejphar.%202021.174669
https://doi.org/%2010.1007/s00210-023-02702-3
https://doi.org/%2010.1007/s00210-023-02702-3
https://doi.org/10.3390/molecules27185759
https://doi.org/10.32725/jab.2023.004
https://doi.org/10.1016/j.jpba.2021.%20114061
https://doi.org/10.1016/j.jpba.2021.%20114061
https://doi.org/10.1016/j.jsps.2023.06.017
https://doi.org/10.1016/j.fct.2020.111703
https://doi.org/10.3390/biomedicines11102619
https://doi.org/10.1016/j.jpba.2019.06.047

Martins de Paiva et al. / ELECTRON J GEN MED, 2024;21(1):em562

5/5

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hiensch AE, Mijwel S, Bargiela D, et al. Inflammation
mediates exercise effects on fatigue in patients with breast
cancer. Med Sci Sports Exerc. 2021;53(3):496-504.
https://doi.org/10.1249/MSS.0000000000002490
PMid:32910094 PMCid:PMC7886356

Li C, Deng C, Pan G, et al. Lycorine hydrochloride inhibits
cell proliferation and induces apoptosis through
promoting FBXW7-MCL1 axis in gastric cancer. J Exp Clin
Cancer Res. 2020;39:230. https://doi.org/10.1186/s13046-
020-01743-3 PMid:33126914 PMCid:PMC7602321

WangY, Zhang D, Li C, et al. Narciclasine inhibits colorectal
cancer cell growth by inducing apoptosis. Biomed
Pharmacother. 2021;133:110968. https://doi.org/10.1016/
j.gendis.2023.03.014 PMid:33189067

Lee J, Park S, Kim H, et al. Inhibition of melanoma cell
growth by galanthamine from lycoris radiata. Cancer Lett.
2021;507:37-46. https://doi.org/10.1016/j.canlet.2021.04.
006 PMid:33872695

Fu LQ, Du WL, Cai MH, et al. The roles of tumor-associated
macrophages in tumor angiogenesis and metastasis. Cell
Immunol.  2020;353:104119.  https://doi.org/10.1016/
j.cellimm.2020.104119 PMid:32446032

Luo Z, Yao X, Li M, et al. Modulating tumor physical
microenvironment for fueling CAR-T cell therapy. Adv Drug
Deliv Rev. 2022;185:114301. https://doi.org/
10.1016/j.addr.2022.114301 PMid:35439570

Li YR, Fang Y, Lyu Z, et al. Exploring the dynamic interplay
between cancer stem cells and the tumor
microenvironment: implications for novel therapeutic
strategies. J Transl Med. 2023;21:686.
https://doi.org/10.1186/512967-023-04575-9
PMid:37784157 PMCid:PMC10546755

LvF, LiX,WangY. Lycorine inhibits angiogenesis by docking
to PDGFRa. BMC Cancer. 2022;22(1):873.
https://doi.org/10.1186/s12885-022-09929-y
PMid:35948939 PMCid:PMC9364594

Kingsley MK, Bhat BV, Badhe BA, et al. Narciclasine
improves outcome in sepsis among neonatal rats via
inhibition of calprotectin and alleviating inflammatory
responses. Sci Rep. 2020;10:2947. https://doi.org/10.1038/
s41598-020-59716-7 PMid:32076015 PMCid:PMC7031385
Wang M, Liang L, Wang R. et al. Narciclasine, a novel
topoisomerase | inhibitor, exhibited potent anti-cancer
activity against cancer cells. Nat. Prod. Bioprospect.
2023;13:27.  https://doi.org/10.1007/513659-023-00392-1
PMid:37640882 PMCid:PMC10462586

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

Dasari S, Njiki S, Mbemi A, et al. Pharmacological Effects of
Cisplatin Combination with Natural Products in Cancer
Chemotherapy. Int J Mol Sci. 2022;28;23(3):1532.
https://doi.org/10.3390/ijms23031532 PMid:35163459
PMCid:PMC8835907

Li Z, Zhou Q, Liu X, et al. Lycorine upregulates the
expression of RMB10, promotes apoptosis and inhibits the
proliferation and migration of cervical cancer cells. Int J
Mol Med. 2022;50:145. https://doi.org/10.3892/
ijmm.2022.5201 PMid:36367172 PMCid:PMC9662161

Nair JJ, van Staden J. Cell cycle modulatory effects of
Amaryllidaceae alkaloids. Life Sci. 2018;213:94-101.
https://doi.org/10.1016/j.1fs.2018.08.073 PMid:30179629
Cao Z,Yu D, Fu S, et al. Lycorine hydrochloride selectively
inhibits human ovarian cancer cell proliferation and tumor
neovascularization with very low toxicity. Toxicol Lett.
2013;218(2):174-85. https://doi.org/10.1016/j.toxlet.2013.
01.018 PMid:23376478

Zhang P, Yuan X, Yu T, et al. Lycorine inhibits cell
proliferation, migration and invasion, and primarily exerts
in vitro cytostatic effects in human colorectal cancer via
activating the ROS/p38 and AKT signaling pathways. Oncol
Rep. 2021;45(4):19. https://doi.org/10.3892/0r.2021.7970
PMid:33649853 PMCid:PMC7879421

Mondal A, Gandhi A, Fimognari C, et al. Alkaloids for cancer
prevention and therapy: Current progress and future
perspectives. Eur J Pharmacol. 2019;858:172472.
https://doi.org/10.1016/j.ejphar.2019.172472
PMid:31228447

Heming CP, Muriithi W, Macharia LW, et al. P-glycoprotein
and cancer: what do we currently know? Heliyon.
2022;22;8(10):e11171.  https://doi.org/10.1016/j.heliyon.
2022.e11171 PMid:36325145 PMCid:PMC9618987

Tigu AB, Moldovan CS, Toma VA, et al. Phytochemical
analysis and in vitro effects of Allium fistulosum L. and
Allium sativum L. extracts on human normal and tumor cell
lines: a comparative study. Molecules. 2021;26(3):574.
https://doi.org/10.3390/molecules26030574
PMid:33499159 PMCid:PMC7866094

Nair JJ, van Staden J. cytotoxic agents in the minor alkaloid
groups of the Amaryllidaceae. Planta Med. 2021;87(12-
13):916-936. https://doi.org/10.1055/a-1380-1888
PMid:33706400

Van Goietsenoven G, Mathieu V, Lefranc F, et al.
Narciclasine as well as other Amaryllidaceae
isocarbostyrils are promising GTP-ase targeting agents
against brain cancers. Med Res Rev. 2013;33(2):439-55.
https://doi.org/10.1002/med.21253 PMid:22419031


https://doi.org/10.1249/MSS.0000000000002490
https://doi.org/10.1186/s13046-020-01743-3
https://doi.org/10.1186/s13046-020-01743-3
https://doi.org/10.1016/j.gendis.2023.03.014
https://doi.org/10.1016/j.gendis.2023.03.014
https://doi.org/10.1016/j.canlet.2021.04.006
https://doi.org/10.1016/j.canlet.2021.04.006
https://doi.org/10.1016/%20j.cellimm.2020.104119
https://doi.org/10.1016/%20j.cellimm.2020.104119
https://doi.org/%2010.1016/j.addr.2022.114301
https://doi.org/%2010.1016/j.addr.2022.114301
https://doi.org/10.1186/s12967-023-04575-9
https://doi.org/10.1186/s12885-022-09929-y
https://doi.org/10.1038/%20s41598-020-59716-7
https://doi.org/10.1038/%20s41598-020-59716-7
https://doi.org/10.1007/s13659-023-00392-1
https://doi.org/10.3390/ijms23031532
https://doi.org/10.3892/%20ijmm.2022.5201
https://doi.org/10.3892/%20ijmm.2022.5201
https://doi.org/10.1016/j.lfs.2018.08.073
https://doi.org/10.1016/j.toxlet.2013.%2001.018
https://doi.org/10.1016/j.toxlet.2013.%2001.018
https://doi.org/10.3892/or.2021.7970
https://doi.org/10.1016/j.ejphar.2019.172472
https://doi.org/10.1016/j.heliyon.%202022.e11171
https://doi.org/10.1016/j.heliyon.%202022.e11171
https://doi.org/10.3390/molecules26030574
https://doi.org/10.1055/a-1380-1888
https://doi.org/10.1002/med.21253

	INTRODUCTION
	MATERIALS & METHODS
	Search Strategy
	Study Selection
	Data Extraction
	Data Analysis
	Quality Assessment
	Data Synthesis
	Limitations

	RESULTS
	Antitumor Effects of Amaryllidaceae Alkaloids

	DISCUSSION
	Inhibition of Cancer Cell Proliferation
	Induction of Apoptosis
	Anti-Inflammatory Properties
	Synergistic Effects With Chemotherapy
	Mechanisms of Drug Resistance

	CONCLUSIONS
	REFERENCES

