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ABSTRACT

Background: Apis melliferra (bee venom) has long been used in alternative medicine for its
therapeutic effects and recently research highlights its anticancer potential. This scoping review aims
to systematically gather and evaluate evidence on the anticancer properties of bee venom and its
bioactive compounds. Methods: This review followed PRISMA-ScR guidelines using articles retrieved
from PubMed, ScienceDirect and Scopus from 2010 to 2024. Studies were screened based on
inclusion and exclusion criteria, focusing on the anticancer effects of bee venom components. A total
of 240 articles were retrieved, with 35 meeting the eligibity criteria. Data on cancer type, model,
compound, and mechanism were extracted and analyzed. Results: It was found that melittin was the
most frequently investigated compound, showing anticancer activity in breast, lung, glioblastoma,
and ovarian cancer models. Mechanisms include induction of apoptosis, inhibition of cell
proliferation, suppression of NFkB and PI3K/Akt/mTOR pathways, and modulation of immune
responses. Additionally, a number of studies documented synergistic effects when melittin was
mixed with apamin and PLA2, two additional components of bee venom. Conclusion: Bee venom,
particularly melittin, demonstrated strong anticancer potential by targeting multiple molecular
pathways. However, further in vivo and clinical studies are required to validate its efficacy and safety
as a therapeutic agent in addition to thorough examination of less well-known substances such as

adolapin and MCD peptide.

INTRODUCTION

Nearly 20 million new cases of cancer in 2022 with 9.7
million deaths from cancer and its global incidence
continues to rise despite major advances in diagnostics
and therapeutics (Bray et al., 2024). Many conventional
cancer treatments including surgery, chemotherapy and
radiotherapy, often present significant limitations such as
severe side effects, multidrug resistance and non-selective
toxicity toward healthy issues. These challenges highlight
the pressing need for new anticancer agents that are both
selective and less harmful. In recent decades natural
bioactive compounds derived from plants, marine
organisms and animal venoms have gained attention as
potential sources of novel anticancer drugs due to their
ability to target multiple signaling pathways involved in
tumour development and metastasis (Zhang et al., 2018).
Among naturally derived agents, bee venom extracted
from a bee species known as Apis mellifera has attracted
considerable interest for its broad spectrum of
pharmacological properties, including anti-inflammatory,
antimicrobial, and also anticancer effects. Traditionally,
bee venom therapy has been practiced for centuries in
various cultures such as Chinese, Indian, and Malay
medicine for the treatment of arthritis, pain, and
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inflammatory disorders (Pandey et al., 2023). Modern
applications of bee venom, often referred to as apitherapy,
have expanded into the management of chronic diseases,
autoimmune conditions, and cancer. Bee venom is a
complex mixture of peptides, enzymes, and biogenic
amines, with melittin, phospholipase A2 (PLA2), apamin,
adolapin, and mast cell degranulating (MCD) peptide as its
principal bioactive components (Abd El-Wahed et al.,
2019). Among these, melittin comprising approximately
40-60% of the venom’s dry weight is the most studied and
exhibits potent anticancer activity across a wide range of
cancer types, including breast, lung, ovarian, liver, and
glioblastoma. Melittin exerts its effects by inducing
apoptosis, suppressing tumour cell proliferation,
disrupting cellular membranes, and modulating key
oncogenic signaling pathways such as PI3K/Akt and NF-kB
(Wehbe et al., 2019). PLA2 facilitates melittin’s entry into
tumour cells and enhances its cytolytic effects, while
adolapin and apamin exhibit anti-inflammatory and
neuroprotective properties that may complement bee
venom’s anticancer potential (Cui et al., 2024).

At therapeutic dosages, several investigations have shown

that bee venom and its constituents can specifically target
cancerous cells while preserving healthy ones. However,
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concerns about toxicity, delivery effectiveness, and a lack
of knowledge about its molecular mechanisms continue to
restrict the medicinal potential of bee venom, even in the
face of encouraging preclinical results. Additionally, most
of the research has concentrated on melittin, leaving other
substances like adolapin and MCD peptide comparatively
unexplored (Pandey et al., 2023).

The current scoping review fills these gaps by methodically
mapping and synthesising scientific data in the anticancer
effects of bee venom and its bioactive ingredients that
were published between 2010 and 2024. This review aims
to identify the mechanisms of action, summarize
experimental findings across cancer models, and highlight
research gaps to guide future exploration of bee venom-
derived compounds as potential anticancer therapeutics.
This review may represent the most up-to-date and
comprehensive analysis of bee venom components and
their anticancer properties.

METHODOLOGY

Study Design

This study adopted a scoping review design based on the
methodological framework proposed by Arksey &
O’Malley (2005) guided by the Prisma-ScR checklist,
comprising five key stages: (1) identifying research
questions, (2) identifying relevant studies, (3) study
selection, (4) charting the data, and (5) collating,
summarizing, and reporting the results (Arksey &
O’Malley, 2005). The scoping approach was chosen to map
and summarize the existing literature regarding the
anticancer potential of bee venom and its bioactive
components, including melittin, phospholipase A2 (PLA2),
apamin, mast-cell degranulating (MCD) peptide, and
hyaluronidase.

Search Strategy

A comprehensive and systematic search strategy was
employed to retrieve relevant studies. Three electronic
databases, PubMed, ScienceDirect, and Scopus were
searched for publications between 2010 and 2024. The
keywords were constructed using Medical Subject
Headings (MeSH) terms and Boolean operators (AND, OR)
are used to maximize sensitivity and specificity. The search
terms included combinations of “bee venom”, “anticancer
activity”, “bioactive compound” and “antineoplastic
agents” were included. The search was limited to English
language, peer-reviewed articles. All retrieved were
exported into Microsoft Excel for organization and
duplicate removal.
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Inclusion and Exclusion Criteria

The inclusion criteria: (1) Studies investigating the anti-
cancer effects and mechanisms of actions of bee venom or
its bioactive compound, (2) full text articles, (3) peer-
reviewed articles published in English from 2010 until
2024, and (4) experimental studies conducted in vitro, in
vivo, or clinical studies involving both human and animal
studies. Studies were excluded if the studies focus on non-
bee venom toxins or those unrelated to cancer, articles
without full text access, published before 2010 and after
2024, systematic reviews, meta-analyses, and other
reviews lacking primary data or original research. These
criteria ensured that only relevant and high-quality studies
were included to provide reliable evidence on the
anticancer mechanisms of bee venom.

Study Selection

The selection process followed the PRISMA-ScR guidelines.
An initial total of 240 records were identified from the
three selected databases. After removing 72 duplicates,
168 studies remained for title and abstract screening.
Following this stage, 65 full-text articles were assessed for
eligibility, and 35 met all inclusion criteria and were
included in the final review. Screening was performed in
two stages: (1) title and abstract screening to exclude
irrelevant studies, (2) full-text screening to confirm
eligibility based on inclusion and exclusion criteria.
Discrepancies during screening were resolved through
discussion to ensure consistency. The detailed process is
illustrated in Figure 1, following the PRISMA-ScR flow
structure.

Records identified from Records removed before sereening:
PubMed (n =100) —_— Duplicate records removed (n
ScienceDirect (n = 66) =72)
Scopus (n=74)
Records sereened (n= Records excluded (n=46)
168)
Reports sought for Reports not retrieved (n = 57)
P _ —
= retrieval (n = 122)
Reports assessed for Reports excluded:
eligibility (n =65) —_— . .
Review article
(n=1
Exclude due to year
publication (n = 3)
Unrelated with studies (n = 24)
Abstract only (n=2)

Studies included in review
(n=35)

Reports of included
studies (n = 35)

Included

Figure 1: PRISMA-ScR flow diagram
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Data Extraction and Charting

Data extraction and charting were performed
systematically and summarized in the table form from the
final full-text articles and journals. For each included
article, the following information was extracted and
organized: (1) author(s) and year of publication, (2) cancer

type, (3) cancer model, (4) bioactive compound, (5)
ICs0/LCso values, and (6) reported anticancer activity from
the study. Table 1 summarizes the data, presenting an
overview of the included studies and highlighting the
primary mechanisms through which bee venom and its
components exert anticancer effects.

Table 1: Extraction of data of the bioactive compounds of bee venom and their anticancer effects.

Cancer Type Cancer Model Bioactive Compound 1Cs0/LCso Reported Anticancer Ref.
Activity

Glioblastoma 8-MG-BA, GAMG e  Melittin Not specified Inhibit cell viability, Malek et al.,

(human e PLA2 inhibit MMP-2 and MMP- 2022
glioblastoma cell e Apamin 9 secretion (anti-

lines) metastatic)

U87 human e Apamin ICs0: 14.32 Apoptosis Chahla et al.,
glioblastoma e  Melittin pg/mL (EGFP+/Caspase-3+), 2024

cells in nude e PLA2 (melittin in necrosis

mice e MCD-peptide vitro)

A127 (human e  Melittin ICs0: 28.5 Induced apoptosis, Sisakh et al.,
glioblastoma cell e PLA2 pg/mL inhibits MMP-2 2017

lines) expression and activity

Chronic K562 cells e  Melittin ICs0: 1.84 Induced apoptosis, Obeidat et al.,

Myelogenous (human pg/mL induced necrosis, and cell 2023

Leukaemia (CML) leukaemia cell cycle arrest at GO/G1

line) phase

Acute CCRF-CEM e  Melittin Not specified Induced apoptosis Ceremuga et al.,

Lymphoblastic (Human 2020

Leukaemia (ALL)  leukaemia cell

lines)

Breast cancer SUM159 e  Melittin ICs0: 0.94 UM Induced apoptosis, Duffy et al.,
inhibits EGFR/HER2 2020
activation

MDA-MB-231 e  Melittin I1Cs0: 5.86 Inhibit metastasis, Salimian et al.,
pg/mL suppression of SDF- 2022
1a/CXCR4 signalling cell,
induces apoptosis
MCF-7 (in vitro) e  Melittin ICs0: 1.8 Induced apoptosis, Plasay et al.,
e PLA2 pg/mL increase p53 and 8-OHdG 2022
e Apamin levels, inhibit tumour
growth
Inhibits metastasis, Shaw et al.,
downregulating CD147 2019, Wang et
and MMP-9 expression al., 2017
Inhibit NF-kB pathway Kim et al., 2015
Cervical cancer Hela e  Melittin ICso: 1.8 Induced apoptosis, Zarrinnahad et
ug/mL increase p53 and 8-OHdG al., 2017
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levels

C33A Melittin ICs0: 21.59- Cytotoxicity, ROS Shasuvar et al.,
23.12 ug/mL  generation 2023
Malignant B16F10 Melittin ICso: 12.67 Inhibit cell growth, Lim et al., 2019
melanoma pg/mL inhibits migration,
induced apoptosis
Colon cancer HT-29 (in vitro) Melittin ICs0: 5.86 Induced apoptosis, inhibit Duarte et al.,
PLA2 pg/mL proliferation 2022
Apamin
HCT116 Melittin ICso: 101.0- Cytotoxicity, synergistic Yaacoub et al.,
PLA2 194.9 ug/mL  activity of melittin and 2021
PLA2, inhibits
proliferation
Melittin ICs0: 3.8 Induced apoptosis, El-Didamony et
ug/mL activates autophagy al., 2024
pathways
ICs0: 14.05 Cytotoxicity Zamani et al.,
pg/mL 2024
COLO205 Melittin Not specified Induced apoptosis Soliman et al.,
2019
HCT-15 Melittin Not specified Induced apoptosis Soliman et al.,
2019
Gastric cancer AGS (Human Melittin Not specified Inhibits cell viability, Mahmoodzadeh
gastric cancer Induced necrosis at etal., 2015
cell line) higher dose
Induced apoptosis, inhibit  Soliman et al.,
proliferation 2019
Hepatocellular HepG2 Melittin Not specified Inhibit proliferation, Lv etal., 2023
carcinoma inhibit migration, induces
cancer (HCC) demethylation of
ADAMTS9-AS2
SMMC-7721 Melittin Not specified Increases INF-y, promote Liu et al., 2016
tumor cytotoxicity,
enhances immune
responses
Huh-7 Melittin ICso: 129.5- Inhibits cancer cell El-Didamony et
272.6 ug/mL  proliferation al., 2024
Hepa 1-6 Melittin ICs0: 6.39 Induced apoptosis Hematyar et al.,
ug/mL 2018
Non-small cell A549 cell (human Melittin ICso: 1 ug/mL  Inhibit migration, Zhang & Chen,
lung cancer NSCLC cell lines) suppresses VEGF 2017
(NSCLC) expression
ICso: 2 pg/mL  Induced apoptosis, Zhang et al.,
inhibits glycolysis, 2021
increase cisplatin
sensitivity
414
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Inhibits cell growth,
inhibits invasion, induced
TGF-B-mediated ERK
pathway

Yu et al., 2021

LLC (mouse e  Melittin Not specified Reduced M2 Lee etal., 2017
NSCLC cell lines) macrophages, increased
M1/M2 ratio
NCI_H460 e  Melittin ICso: 3 ug/mL  Inhibit NF-kB pathway Choi et al., 2014
HCC1833 cell e  Melittin 1Cs0: 0.94 to Inhibit proliferation, Wang et al.,
1.49 uM for  induction of autophagy 2024
HER2- cell
enriched
cells
Bronchogenic ChaGo-K1 e  Melittin ChaGo-K1; Inhibit lung cancer cell Tipgomut et al.,
carcinoma (Lung  (Human ICs0: 2.5 pM proliferation, apoptosis, 2018
Cancer) bronchogenic inhibition of TAM
carcinoma cell
line)
Ovarian cancer A2780 and e  Melittin A2780: Synergistic cytotoxic Alonezi et al.,
A2780CR Melittin 1Cso:  effects with cisplatin, 2017
5ug/mL+ metabolic changes,
Cisplatin induced apoptosis
ICso: 2
ug/mL
A2780CR:
Melittin 1Cso:
2 ug/mL
Cisplatin:
ICso: 10
ug/mL
SKOV3 e  Melittin Not specified Increases INF-y, promote Liu et al., 2016
tumor cytotoxicity,
enhances immune
responses,
1Cs0: 80 Inhibits proliferation, Suetal., 2014
ug/mL induces cell cycle arrest
(G1 phase), induced
apoptosis
Osteosarcoma UMR-106 e  Melittin ICso: 6.33 Inhibit angiogenesis via Qin et al., 2016
ug/mL SDF-1a/CXCR4
Esophageal TE1 (human e  Melittin Not specified Induced apoptosisin TEL  Zhou et al.,
Squamous Cell esophageal cells, inhibit cell 2021
Carcinoma carcinoma cell proliferation in time-
(ESCC) line) dependent manner
Hodgkin KM-H2, L-428 e  Melittin ICs0: 0.93uM  Induced apoptosis, inhibit  Kreinest et al.,
Lymphoma (HL) cell lines for KM-H2, growth, increase cisplatin 2020
0.75uM for sensitivity
L-428
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RESULTS

A total of 35 studies met the inclusion criteria and were
included in this scoping review. The selected articles
investigated the anticancer activities of whole bee venom
and its bioactive compounds melittin, phospholipase A2
(PLA2), apamin, adolapin, mast cell degranulating (MCD)
peptide, and hyaluronidase using both in vitro and in vivo
cancer models. Among 35 studies, melittin was the most
extensively studied compound.

Anticancer Activity of Bee Venom and its Bioactive
Compounds

The 35 included studies collectively revealed that bee
venom and its bioactive components exhibit strong
anticancer, antiproliferative, and pro-apoptotic activites.
Most studies focused on melittin, followed by PLA2 and
apamin, while fewer examined adolapin, MCD peptide,
and hyaluronidase. These bioactive compounds act
through multiple mechanisms involving apoptosis
induction, inhibition of metastasis, and modulation of
oncogenic signaling pathways.

DISCUSSION

The findings from this scoping review confirm that bee
venom possesses remarkable anticancer potential,
primarily attributed to its peptide and enzymatic
constituents. Melittin emerged as the principal compound
responsible for direct cytotoxicity through apoptosis
induction and mitochondrial disruption. PLA2, apamin,
adolapin, MCD peptide, and hyaluronidase complement
melittin’s effects by enhancing membrane permeability,
modulating immune responses, and supporting
intracellular signaling regulation. The multi-targeted
nature of bee venom distinguishes it from conventional
chemotherapeutic agents, which often act through single
pathways. By influencing multiple signaling cascades such
as PI3K/Akt and NF-kB, bee venom compounds not only
suppress proliferation but also impede metastasis and
angiogenesis.

Comparison between bioactive compounds of bee venom

Melittin demonstrates the strongest and most consistent
anticancer efficacy. It triggers apoptosis, inhibits
migration, and alters the tumour microenvironment
(Obeidat et al., 2023). It interacts directly with the lipid
bilayer of cancer cell membranes, forming pores that
disrupt cellular homeostasis and lead to apoptosis (Lim et
al., 2019). In addition, melittin modulates key regulatory
proteins such as caspase-3, for further promoting
programmed cell death. However, despite its strong
efficacy, melittin’s non-selective toxicity poses a major
limitation such as toxicity towards both normal and cancer
cells as well as other adverse effects. Studies have
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emphasized the need for nanoparticle-based or targeted
delivery systems to minimize damage to healthy cells
while maximizing therapeutic potential (Orsoli¢, 2011).

PLA2 plays a supporting role by enhancing melittin’s
cytolytic activity. It hydrolyzes phospholipids in cancer cell
membranes, facilitating melittin penetration and
enhancing its apoptotic effect (Yaacoub et al., 2021).
Moreover, PLA2 exhibits immune-regulatory functions by
activating macrophages and dendritic cells, thereby
promoting antitumour immunity. Despite these benefits,
its intrinsic hemolytic activity restricts its standalone use
and necessities formulation refinement (Hematyar et al.,
2018).

Apamin, a small neuropeptide, interferes with calcium-
activated potassium channels that influence tumour cell
motility. It inhibits epithelial-mesenchymal transition
(EMT) a crucial step in metastasis by downregulating
mesenchymal markers such as vimentin and N-cadherin
(Plassay et al.,, 2022). Adolapin, on the other hand,
exhibits strong anti-inflammatory properties that
indirectly contribute to its anticancer effects by
suppressing tumour-promoting cytokines like TNF-a and
COX-2 (Wehbe et al., 2019). These two compounds, which
exhibit lower cytotoxicity, act synergistically to reduce
metastatic potential and inflammation-driven tumor
progression. The MCD peptide primarily influences
immune response by promoting cytokine release from
mast cells, thereby enhancing immune-mediated tumour
suppression (Zhang et al.,, 2021). Hyaluronidase,
commonly referred to as the “spreading factor”, enhances
tissue permeability and improves the diffusion of other
active peptides such as melittin and PLA2 into tumour
sites (Wehbe et al., 2019). While their direct anticancer
effects are limited, both components serve as important
enhancers of bee venom’s overall antitumour efficacy.

Comparison of Bee Venom’s Anticancer Effects across
Different Cancer Types

Studies on breast cancer (MCF-7 and MDA-MB-231 cells)
demonstrated that melittin effectively inhibits cell
proliferation and migration through suppression of the
PI13K/Akt and MAPK signaling pathways (Lim et al., 2019).
Apamin also contributed to reduced metastatic activity by
inhibiting EMT, while hyaluronidase improved melittin
diffusion within tumour tissues (Plassay et al., 2022).
These findings support the potential of bee venom
peptides as complementary agents in breast cancer
therapy. In lung cancer (A549) models, melittin triggered
apoptosis via mitochondrial disruption, while apamin
inhibited EMT and cell migration (Wang et al., 2021). PLA2
enhanced these effects through synergistic membrane
lysis and immune activation. Collectively, these findings
suggest that combining melittin with other bee venom
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components could improve therapeutic outcomes for lung
carcinoma.

Melittin induced apoptosis in colon cancer cells (HT-29)
through death receptor activation and NF-kB pathway
inhibition, leading to reduced cell survival and
inflammation (Duarte et al., 2022). PLA2 was shown to
induce oxidative stress-mediated apoptosis in colon
carcinoma cells. These mechanisms underline the
potential of bee venom compounds as effective agents for
targeting colorectal malignancies. Although limited studies
are available, melittin has demonstrated potential to cross
the blood-brain barrier and induce apoptosis in
glioblastoma cells through activation of caspase pathways
and mitochondrial disruption (Kim et al., 2015). The unique
ability of melittin to penetrate neural tissue highlights its
promise for future therapeutic development against brain
tumors.

Collectively, the evidence presented in this review
supports the hypothesis that bee venom and its bioactive
constituents possess multifaceted anticancer activities
through apoptosis induction, anti-metastatic effects, and
immune modulation (Wehbe et al., 2019). Among these
melittin remains the most potent and extensively
characterized, while the synergistic effects of PLA2,
apamin, adolapin, MCD peptide, and hyaluronidase
enhance its overall therapeutic impact. Future research
should emphasize in vivo models, nanocarriers
formulations, and toxicity profiling to ensure selective and
safe clinical applications. Bee venom therefore represents
a promising, natural-based approach for the development
of novel anticancer therapies.

CONCLUSION

This scoping review provides comprehensive evidence that
bee venom and its bioactive compounds particularly
melittin, phospholipase A2 (PLA2), apamin, adolapin, MCD
peptide, and hyaluronidase exhibit significant anticancer
potential through diverse biological mechanisms. Melittin
emerged as the principal active compound, inducing
apoptosis and suppressing tumour growth via inhibition of
multiple oncogenic pathways, while other peptides
contribute synergistically by modulating inflammation,
enhance immune activity, and improving compound
penetration into tumour tissues. Despite promising in vivo
and clinical data highlight the need for further
investigation to ensure safety, efficacy, and selectivity in
therapeutic applications. Future research should focus on
standardized extraction, toxicity evaluation, and the
development of targeted delivery systems such as
melittin-based nanoparticles. Collectively, bee venom
represents a promising natural source for anticancer drug
discovery and warrants continued exploration in
translational cancer research.
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