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Abstract: Cancer is the second most life-threatening disease and has become a global health and
economic problem worldwide. Due to the multifactorial nature of cancer, its pathophysiology is not
completely understood so far, which makes it hard to treat. The current therapeutic strategies for
cancer lack the efficacy due to the emergence of drug resistance and the toxic side effects associated
with the treatment. Therefore, the search for more efficient and less toxic cancer treatment strategies
is still at the forefront of current research. Propolis is a mixture of resinous compounds containing
beeswax and partially digested exudates from plants leaves and buds. Its chemical composition
varies widely depending on the bee species, geographic location, plant species, and weather condi-
tions. Since ancient times, propolis has been used in many conditions and aliments for its healing
properties. Propolis has well-known therapeutic actions including antioxidative, antimicrobial, anti-
inflammatory, and anticancer properties. In recent years, extensive in vitro and in vivo studies have
suggested that propolis possesses properties against several types of cancers. The present review
highlights the recent progress made on the molecular targets and signaling pathways involved in the
anticancer activities of propolis. Propolis exerts anticancer effects primarily by inhibiting cancer cell
proliferation, inducing apoptosis through regulating various signaling pathways and arresting the
tumor cell cycle, inducing autophagy, epigenetic modulations, and further inhibiting the invasion and
metastasis of tumors. Propolis targets numerous signaling pathways associated with cancer therapy,
including pathways mediated by p53, β-catenin, ERK1/2, MAPK, and NF-κB. Possible synergistic
actions of a combination therapy of propolis with existing chemotherapies are also discussed in this
review. Overall, propolis, by acting on diverse mechanisms simultaneously, can be considered to
be a promising, multi-targeting, multi-pathways anticancer agent for the treatment of various types
of cancers.

Keywords: propolis; biological activities; cancer; molecular mechanisms; natural products

1. Introduction

Cancer is a disease that is severely affecting the world population [1]. It has been
estimated that by 2030, cancer will increase to 26 million cases yearly in the whole world.
Although many strategies and drugs have been developed to treat or prevent cancer, it
is still a global concern [2,3]. Currently, there are different options for cancer treatment
including surgery, radiotherapy, and chemotherapy [4,5]. Although removing the tumor by
surgery is an effective way to treat cancer, it is not easy to detect cancer at an early stage.
Treatments like chemotherapy and radiography have side effects, can damage normal
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cells, and cancer cells may develop drug resistance that leads to a lack of response to
chemotherapeutic agents, which hinder their clinical uses. These adverse effects reduce
the quality of life in the patients and might be a reason to stop the therapy. In addition,
current cancer treatments are expensive; therefore, the search for alternatives is urgently
required [6–9]. Recently, many studies have reported various natural alternative therapies
for the treatment of cancer. Different studies showed that drugs derived from natural
products might be an alternative because of their availability, higher effectiveness, and
fewer side effects. In addition, there are numerous natural products that have been found
to target multiple cancer signaling pathways simultaneously [6,10,11]. Propolis (bee glue)
is a collection of resinous compounds containing beeswax and partially digested exudates
from plants leaves and buds. It is produced and used by bees as a source of protection
from predators and as a stabilizing seal for the honeycomb structure. Its color, like its
composition, varies widely from green to brown, yellow, and sometimes red. Depending
on the bee species, geographic location, plant species, and weather conditions, the chemical
makeup of propolis fluctuates significantly [12]. As the domestic applications of honey
expand in multiple communities, the uses and properties of propolis have become well
understood. Studies have recently indicated that propolis has a variety of pharmacological
activities including, antibacterial effects, antioxidative, fungicidal, antiparasitic, and anti-
inflammatory properties [13]. Propolis has been reported to have cytotoxic effects on
numerous cancer cell lines [14,15]. It has been demonstrated that propolis mediates not only
the intrinsic (mainly mitochondrial) but also the extrinsic apoptotic cancer cell death [16–18].
In addition to apoptosis, propolis plays an important role in arresting the cell cycle via
controlling the expression of CDK enzymes (cyclin-dependent kinases) [19–22]. Propolis
has also been shown to suppress invasion and metastasis via inhibiting the metastatic
protein expression such as MMPs (matrix metalloproteinases). The metastasis process
is supported by neo-angiogenesis, and, interestingly, propolis has been found to hinder
neovascularization [23–25]. Moreover, propolis revealed its ability to inhibit inflammatory
mediators including tumor necrosis factor alpha (TNF-α), inducible nitric oxide synthase
(iNOS), cyclooxygenase-1/2 (COX 1

2 ), lipoxygenase (LOX), prostaglandins (PGs), and
interleukin 1- β (IL1-β) and other cancer inflammatory mechanisms [26]. As significant
progress in elucidating the molecular mechanisms underlying the anticancer properties
of propolis has been recently achieved, this review will focus on presenting the molecular
targets and pathways involved in the anticancer effects of propolis.

2. Chemical Constituents, Bioavailability, and Biological Activities of Propolis
2.1. Chemical Constituents of Propolis

Propolis is a dark green, brown, or red resin derived from a varying mixture of flowers,
wax, and bark exudates [27]. When cold, the substance is solid and brittle, but it turns
soft and sticky at high temperatures. The chemical properties of its constituents vary
extensively depending on the geographical region, plant species, climates, and season of
collection [28–30]. Using different fractionation and separation techniques, studies have
identified over 300 compounds in propolis collected from different regions [31]. This variety
of chemically active molecules accounts for the various pharmacological properties and
health-related uses of propolis extracts (Figure 1). Table 1 summarizes the most common
chemical groups found in the propolis and examples of its active compounds.
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Table 1. Chemical composition of Propolis.

Chemical Groups Found in Propolis Examples Reference

Polyphenols

Flavonoids (e.g., quecentin, islapinin, chrysin,
galangin, alnusin, pinocembrin, naringenin,
pinostribon, ermanin, formononetin, and biochanin A)

[32,33,37–42]Phenolic esters (e.g., 4-phenyl coumarin)

Phenolic aldehydes (e.g., 4-hydroxybenzaldehyde)

Ketone derivatives (e.g., 3-oxo-oleanolic and
3-oxo-ursolic acids)

Flavanonols (e.g., dihydrokaempfero)

Benzoic acid Derivatives Gentisic acid, protocatechuic acid, salicylic acid
phenylmethyl ester, and gallic acid [34,35]

Benzaldehyde compounds Vanillin, protocatechualdehyde, and caproic aldehydes [34,35]

Cinnamic acid derivatives Caffeic acid, isoferulic acid, cinnamic acid methyl ester,
artepillin C, and capillartemisin A [36,39,43]



Pharmaceuticals 2023, 16, 450 4 of 28

Table 1. Cont.

Chemical Groups Found in Propolis Examples Reference

Aliphatic hydrocarbons Eicosine, tricosane, and heneicosane [36,44]

Sugars Fructose, glucose, glucitol, talose, ribose,
and glycoside [36,45]

Vitamins B1, B6, C, and E [36,45,46]

Amino acids Alanine, cysteine, butyric acid, isoleucine, leucine,
and valine [36,46]

Fatty acids Oleic, linoleic, stearic, eicosenoic, palmitoleic, and
palmitic acid [36,47]

Esters
Methyl palmitate, phenylethyl caffeate, benzyl
benzoate, ethyl palmitate, tetradecyl caffeate, and
stearic acid methyl ester

[36]

Alcohols Benzyl alcohol, coumarine, and xanthorrhoeol [36]

Minerals Sodium, zinc, magnesium, potassium calcium,
aluminium, and lead [36,48]

Others Enzymes, waxy acids, fatty acids, and aliphatic acids [36]

Collectively, the groups of compounds that consistently make up propolis are polyphe-
nols such as flavonoids and phenolic esters, phenolic aldehydes, as well as ketones. Exam-
ples of flavonoids and flavonols commonly found in propolis include quecentin, islapinin,
chrysin, alnusin, pinocembrin, naringenin, pinostribon, and ermanin [32,33]. Derivatives
of benzoic acid such as gentisic acid, protocatechuic acid, salicylic acid phenylmethyl ester,
and gallic acid also occur. Benzaldehyde compounds, including vanillin, protocatechualde-
hyde, and caproic aldehydes are also found in propolis [34,35]. Moreover, derivatives of
cinnamic acid such as caffeic acid, isoferulic acid, and cinnamic acid methyl ester are also
part of the mixture. Eicosine, tricosane, heneicosane, and other aliphatic hydrocarbons
also constitute propolis in varying locations. In addition, sugars such as fructose, glucose,
glucitol, and talose are constant components in the propolis, as are vitamins B1, B6, C, and
E. Amino acids, including alanine, cysteine, butyric acid, isoleucine, leucine, valine, and
others are commonly found in the resinous mixture. Similarly, esters as methyl palmitate,
phenylethyl caffeate, benzyl benzoate, ethyl palmitate, tetradecyl caffeate, stearic acid
methyl ester, and others are also present in varying combinations and quantities. Moreover,
alcohols and ketones such as benzyl alcohol, coumarine, and xanthorrhoeol are consistent
constituents of the extracts. Minerals such as sodium, zinc, and lead also occur in propolis.
Other chemical groups that are often separated from the mixture are enzymes, waxy acids,
fatty acids, and aliphatic acids [36].

The percentage of the different groups of compounds varies and are complemented
by resins, bee wax, pollen, oils, and other organic substances. The most significant deter-
minants of these disparities are the location (origin) and the local plants from which the
constituents are derived. The poplar tree is the main source of propolis exudates, and it
grows in New Zealand, many European locales, non-tropical parts of the Asian continent,
and North America. Egyptian propolis also contains substances from this tree, along with
caffeic acid esters and various alcohols. Russian, Brazilian, Cuban, Iranian, and Indian
propolis all have slightly varying chemical constituents.
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2.2. Bioavailability of Propolis and Its Constituents

An important aspect when studying the biological activities of various extracts derived
from natural products is the evaluation of their bioavailability. The bioavailability of
propolis is referring to the amount of propolis or its constituents able to reach systemic
circulation and exert biological effects [49]. Curti et al. conducted a study to determine
the bioavailability of a polyphenol mixture derived from brown propolis extract. They
found that, after the oral administration of the brown propolis extract, rapid absorption and
metabolization of the galangin into glucuronide occurred, and it was not accumulated in the
mices’ livers. However, chrysin and its metabolites were not detectable after prolonged oral
administration [50]. The low bioavailability of chrysin can be explained by its low water
solubility and rapid metabolism [51]. In vivo studies were performed in rats to determine
the pharmacokinetics and bioavailability of Algerian propolis extracts. They revealed that
the bioavailability of the flavonoid naringenin was high following propolis administration
compared to standard naringenin [52]. The bioavailability of ethanol extracts derived
from Uruguayan propolis was also analyzed. They detected the free form of the main
propolis flavonoids (pinobanksin 5-methyl ether, pinobanksin) in the urine of propolis-
treated rats. These data presented strong evidence of the metabolism and circulation of
the flavonoids in the body [53]. An in vitro study was conducted to identify bioavailable
contents in Brazilian propolis. They studied the bioavailability of the propolis on the human
colon adenocarcinoma cell line Caco-2 and the human hepatic carcinoma cell line HepG2.
The results suggested that Artepillin C, which is a major part of Brazilian propolis, is a
bioavailable antioxidant and could be used in the treatment of many diseases [54]. Despite
the low bioavailability of Artepillin C, a compound with a wide variety of physiological
activities, a unique dynamic binding interaction with human serum albumin was found
to determine its mode of transportation in the body. This mode of transportation, in turn,
determines Artepillin C’s distinct biological and physiological activities [55]. Additionally,
the bioavailability of Artepillin C was tested in vivo. The results indicated that, following
oral administration of Artepillin C, absorption and metabolization occurred and it was
enough to produce biological effects [56]. Interestingly, a recent study by Boufadi et al.
reported the variations in the bioavailability of crude propolis in comparison to pure
phenolic or flavonoid compounds. It has been shown that the bioavailability of the pure
compounds (phenolic acids, caffeic acid, kaempferol, and quercetin) was significantly
less compared to the crude propolis [57]. Recently, the encapsulation of propolis extracts
within polymeric nanoparticles, such as chitosan-Arabic gum and chitosan-folic acid,
has been demonstrated to improve the bioavailability of the constituents of propolis.
This approach shows promise in addressing the issue of low bioavailability that is often
associated with some potentially active compounds found in propolis [58,59]. Overall,
these results indicated that propolis and its constituents are bioavailable compounds, which
makes them the ideal candidates for the development of new therapeutic agents.

2.3. Biological Activities of Propolis

Due to its multiple effects on human health and biological processes, propolis has
historically been used for many purposes and recently several studies have shown that
propolis demonstrates different biological activities. These activities, which are illustrated
in Figure 2, include antibacterial [60–67], antiviral activities [68–71], antifungal [72–75],
immunologic and inflammatory responses [76–78], and antioxidant activities [79–85].
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3. Review Studies on Propolis Anticancer Activity

Several studies have reported the anticancer effects of propolis and its active com-
pounds. In in vitro studies, propolis has shown activity against a range of human cancer
cell lines, including oral, gastric, cervical, colon, leukemia, stomach, skin, breast, and
prostate cancers [14].

Most of these studies have examined the effects of propolis extracts from various
geographical origins on the growth, proliferation, and metastasis of cancer cells in vitro.
In this section, we reviewed the anticancer effects of propolis extracts from different
geographical origins.

Salem et al. investigated the anticancer activity of Egyptian propolis in vitro, as well
as its protective role against methotrexate (MTX) toxicity, administered in an Ehrlich ascites
carcinoma (EAC) experimental model. The results of the study showed that ethanolic
extract of propolis (EEP) was cytotoxic to cancer cell lines and showed antitumor effects
against EAC model by reducing the volume of tumors, decreasing the count of viable cells
in the mass, and prolonging the life span of affected mice. In addition, improvements in
methotrexate-induced hepatorenal toxicity in animal models were also recorded. Egyptian
propolis extract revealed high apoptotic effects through an increase in BAX (pro-apoptotic
protein), caspase-3, and cytochrome-c expression levels, and by a reduction in B-cell
lymphoma2 (BCL2) (antiapoptotic protein) in the tested cancer cell line [16]. Propolis also
enhanced the G0/G1 cell cycle arrest induced by methotrexate. Similar findings were
reported by El-khawaga et al. in in vitro analysis of Egyptian propolis [19].

Using both in vitro and in vivo models to assess the tumor suppression characteristics
of Philippine propolis, a study was carried out by Desamero et al. In their study, in vitro
exposure of propolis to human gastric cancer (GC) cell lines, namely, AGS, NUGC-4, MKN-
45, and MKN-74, showed that differentiated-type GC cell lines (AGS, NUGC-4, MKN-45)
were more sensitive to the EEP revealed by a decrease in cancer cell proliferation in a
time-and-dose dependent manner compared to the MKN-74 that appeared to be resistant
to the EEP exposure. The researchers of this study also investigated further the possible
mechanisms by which EEP perceived its anticancer activity. They revealed that EEP acts
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in vitro through modulation of cell cycle and apoptotic-related genes, resulting in G0/G1
phase arrest. However, this effect was only observed in the differentiated tumor but
not in the anaplastic type. The in vivo component of the research involved the use of
animal models: a differentiated type of gastric adenocarcinoma A4gnt KO mice as well
as C57BL/6J mice (matched wild type). The two groups were exposed to EEP or distilled
water intragastrically for 30 days. The researchers showed a significant propolis-induced
antitumor effect revealed by gross and histologic mass regression in the EEP-treated group
and found that EEP exposure in the animal models affected cell cycle machinery [86].

Turan et al. measured polyphenolic and flavonoid contents, antioxidant properties,
and cytotoxicity of Turkish EEP. Using spectrophotometric analysis, the total polyphenolic
and flavonoid concentrations in the extract were 124.6 mg gallic acid per gram and 42 mg
quercetin/g of dry weight sample, respectively. Furthermore, the investigators found
that propolis has potent cytotoxic effects on human cancer cell lines, liver, colon, breast,
prostate, and cervical cancers, with the highest cytotoxicity being observed in prostate
cancer cells [15].

The antiproliferative potential of Algerian propolis extracts was investigated by Bri-
houm et al. They injected albino Wistar rats with 25 mg/kg of the propolis extract and
evaluated its effect on a benzopyrene-induced lung carcinogenesis model. They observed a
dose-dependent blockage of respiratory cell adhesion usually driven by fibrinogen. Con-
currently, propolis inhibited oxidative stress generated by the carcinogenic agent [87].
Histologic analysis of lung tissues confirmed the chemoprotective effects of EEP. Similarly,
Doi et al. found significant propolis-driven suppression of tumor size and aggressiveness of
colorectal cancers induced by 1,2-dimethylhydrazine (DMH) injection [26]. This reduction
in inflammation-associated tumorigenesis was linked to the anti-inflammatory effects of
EEP, which were indicated by significant reduction of inflammation-related molecules such
as iNOS, TNF-α, and glutathione peroxidase-2.

An in vitro study conducted by Choudhari et al. examined the antitumor effects EEP
from Indian stingless bees on cancer cells derived from human breast cancer (MCF-7),
murine melanomas (B16F1), human colon adenocarcinoma (HT-29), and human epithelial
colorectal adenocarcinoma (Caco-2). The extract’s cytotoxicity was measured by MTT and
Trypan blue dye exclusion assays. The authors found that the IC50 at all tested cell lines
was 250 µg/mL of EEP [88]. Moreover, microscopic features of apoptosis were observed in
all cells following 24 h of exposure to propolis.

Calhelha et al. compared the activity of Portuguese propolis extracts against human
cancer cell lines with its cytotoxicity to normal cell lines. They revealed that aside from
colon carcinoma, the specificity of EEP to cancer cells is indistinguishable from that towards
normal cells at 50% inhibitory concentrations [89]. The authors recommended sufficient
in vivo experimentation to identify constituents with specific antitumor effects and to
determine optimal therapeutic doses. In contrast, a comparison of the activity of Thailand
propolis on normal and cancerous cells carried out by Umthong et al. found significant
differences with the propolis showing cytotoxicity against cancerous but not normal cells.
In the experiment, five cancer cell lines (KATO-III, BT474, Chago, Hep-G2, and SW620) and
two normal cell lines (liver and fibroblast) were exposed to different concentrations of EEP.
The researchers found that the propolis had no effect on the viability of the fibroblasts and
hepatocytes, yet it exhibited significant toxicity against all the five malignant cell lines [90].
Using MTT assays, Amini-Sarteshnizi et al. investigated the effect of extracts from Iranian
propolis on human gastric adenocarcinoma cell line (AGS). Consistent to several other
studies, they found a dose- and time-dependent antiproliferative effect on the cells by the
EEP treatment [91].
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In an experimental determination of the phytochemical profile, antioxidant properties,
and antitumor effects of Brazilian red propolis, de Mendonça et al. fractionated EEP and
measured its effect on colon, ovary, and glioblastoma cell lines. They revealed that, in
addition to potent antioxidant capacity, propolis exhibited significant cytotoxicity against
the three cancer cell lines [92].

Additionally, Mostafa et al. investigated the in vitro and in vivo anticancer activity of
Omani propolis against colorectal tumors [93]. The experimental setup consisted of a rat
model assessing the extract’s ability to suppress azoxymethane-induced colon cancer and
an in vitro determination of EEP’s cytotoxicity of colorectal carcinoma cell lines [93]. In
both settings, significant anticancer effects of the extract were recorded.

Using oil from edible vegetables, Carvalho et al. extracted active compounds from
propolis and assessed their composition using chromatographic methods. Then, they tested
their activity against cell lines of leukemia (HL-60), colon (HCT-8), breast (MDA-MB-231),
and SF-295 (brain) cancers [94]. The mixture of phenolics and flavonoids identified in the
extract demonstrated noteworthy activity against all tumors in both in vivo and in vitro
settings. Collectively, the components were more bioactive than they were individually.

Li et al. examined the relationship between structural composition and antitumor
activity in Myanmar propolis [95,96]. They isolated 13 tritepenes and 4 flavanones from
the propolis and exposed them to 26-L5 colon, B16-BL6 melanoma, A549 lung, and HeLa
cervical cancer cell lines. All components showed significant antitumor activities compared
to controls, albeit with different potencies [95–98]. The authors proceeded to suggest
structure-activity relationships that may account for the anticancer effects. In a similar
study by Li and others, a methanolic extract from Myanmar propolis was investigated
for activity against PANC-1 pancreatic cancer cells lines. In addition to identifying an
additional highly bioactive tritepene from the methanolic extract, the authors found that
the methanolic extract of propolis exhibited significant cytotoxicity against the tested cell
lines [95]. Moreover, they observed morphological changes consistent with apoptosis in
the cells after 24 h of exposure.

Utispan et al. evaluated the cytotoxic effects of a previously unstudied stingless bee
species, Trigona Sirindhornae, on HN30 and HN31 cell lines from head and neck growths.
The investigators treated separate samples from primary and metastatic masses with
propolis extracts and recorded their viability after exposure to different concentrations
of the extracts [99]. They observed significant decreases in both primary and metastatic
neoplasms from the head and neck region.

Barlak et al. used spectrophotometry and proteomics analysis to assess the impact of an
aqueous extract of Turkish propolis on PC-3 prostate cancer cell lines. The results revealed
that propolis extract significantly altered the protein expression profile of the prostate cancer
cells [100]. They attributed the anticancer impact of propolis to its antioxidant properties.

Khacha-Ananda et al. determined the phenolic and flavonoid contents and the cyto-
toxic and antioxidant capacity of Thailand propolis. The extraction methods used to isolate
components of the extract were maceration and sonication, with the latter showing less
efficiency but yielding extracts with higher antioxidant potential. Moreover, the extract
demonstrated noteworthy cytotoxic effect on HeLa and A549 cancer cell lines [101]. The
experiment’s findings are relevant to considerations of the most appropriate extraction
technique for propolis constituents for anticancer and antioxidant purposes.

Propolis Constituents Exhibiting Anticancer Activity

The anticancer activities have been attributed to several active compounds found in
extracts of propolis from different regions, with the most frequently identified being caffeine
acid phenethyl ester (CAPE) and chrysin. CAPE is the most studied compound of propolis
in in vitro studies and is thought to be responsible for its several biological activities.
Elucidation of its role in the anticancer activity of propolis was reported by Orsolic et al.,
who demonstrated an increase in apoptosis rates up to 31.24% in fibrosarcoma cell lines
following exposure to CAPE [102]. Moreover, Lee et al. observed that analogues of CAPE
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exhibited marked antitumor activity against fibroblasts derived from oral submucous
fibrosis and oral squamous cell carcinoma [103]. Additionally, in vitro studies conducted
by Chen et al. (effect of CAPE on leukemic cell lines) [104], Nomura et al. (inhibition of
cell transformation and induction of cell death by CAPE) [105], Lee et al. (role of p53 and
p38 MAP-kinases in cell death induced by CAPE) [103], Hung et al. (cell death caused
by CAPE and its amide and ester derivatives on cervical cancer cell lines) [106], Jin et al.
(mitochondria-mediated cell death induced by CAPE in leukemic cell lines) [107], and
Watabe et al. (NF-κB inhibition and Fas activation by CAPE induce apoptosis in breast
cancer cells) all demonstrated a cytotoxic role of CAPE in several cancer cell lines [108].
An elaborate modulation of mitogen-activated protein kinases (MAPK) by CAPE as a
mechanism of apoptosis induction has also been identified by Bulavin et al., Sanchez-Prieto
et al., and Weng et al. [109–111]. Ishida et al. found that due to instability of the active
constituent, CAPE, the tumor suppression of propolis quickly diminished during in vivo
experimentation [112]. However, the activity was regained following a combination of
CAPE with γ-cyclodextrin (γCD), which increased its stability in an acidic setting.

Bhargava et al. compared the cytotoxic activity of CAPE, its equivalent in Brazilian
propolis extracts known as artepillin C (ARC), and green propolis-supercritical extract
(GPSE). Like CAPE from New Zealand propolis, ARC caused cell death by destroying
mortalin-p53 complexes, resulting in p53 activation and subsequent growth cessation.
Additionally, cell viability assays revealed that GPSE had higher cytotoxicity than ARC,
an observation that was also made in the comparison between γ cyclodextrin-complexed
GPSE and ARC [113]. The authors concluded that the GPSE-γCD combination may be an
effective anticancer therapeutic strategy. Kuo et al. recorded significant inhibition of C6
glioma cells growth in vitro and in vivo from CAPE extracts exposure [114].

Wadhwa et al. studied the molecular mechanisms mediating the cytotoxic and an-
timetastatic characteristic of CAPE, the most active compound in New Zealand propolis.
Using microarrays and molecular docking analysis, the researchers found that CAPE
upregulates GADD45α and p53, both of which are key regulators in tumor suppression
pathways. Moreover, the study revealed that CAPE disrupted complexes between mortalin
and p53, which induced its nuclear translocation and restored the activity of p53 and
subsequent cell cycle arrest [115]. The investigators also identified a downregulation of
mortalin and several other regulators that play a role in tumor metastasis. Additionally,
they provided experimental evidence for using a combination of cyclodextrin (γCD) with
CAPE to slow down its degradation into caffeic acid, which is caused by secreted esterases
in in vivo models.

Chen et al. investigated the molecular basis of CAPE-induced cell death in human
leukemic cells. The study showed that following rapid intracellular entry of CAPE, the com-
pound induced a concentration- and time-dependent inhibition of cell survival [104,116,117].
Characteristic fragmentation of DNA along with unique morphological changes that
marked apoptosis were also observed. The mechanisms underlying these changes included
activation of caspase 3, reduction of BCL2 expression, and BAX upregulation. A similar
decrease in BCL2 expression by EEP was observed in an in vitro experiment conducted by
Sadeghi-Aliabadi, Hamzeh, and Mirian, who compared its activity against prostate and
bladder cancer cells [118]. However, this study did not record significant increases in the
levels of p53 in cells treated with propolis extracts. Other in vitro studies that showed a
downregulation of BCL2 and simultaneous activation of pro-apoptotic molecules such as
BAX include those by Lee et al. (role of p53 and p38 MAPK in glioblastoma cell death
caused by CAPE) [103], Jin et al. (mitochondria-mediated cell death in myeloid leukemia
cell lines treated with propolis) [107], and Watabe et al., who studied the inhibition of
NF-κB and activation of Fas as mechanisms of apoptosis in CAPE-treated breast cancer
cells [108].
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Chrysin is another major component present in propolis that has been identified as
a prominent player in various pathways involved in the antiproliferative activity of the
propolis. Woo and co-authors demonstrated that chrysin caused cell death in leukemic
cell lines (U937), downregulating the PI3K/Akt pathway [119]. Moreover, the compound
inactivates NF-κB and IAP, which is an effect that results in caspase 3 activation and subse-
quent initiation of apoptosis. In another study, Jafari-Ghahfarokhi et al. assessed the effect
of chrysin, CAPE, and ethanolic extracts of propolis on the expression of phospholipase D1
(PLD1) gene in cultured gastric cancer cell lines [120]. They found that the compounds in-
hibited cell growth by downregulating the PLD1 gene expression. The inhibitory effect was
concentration dependent for all components of EEP. Additionally, Li et al. concluded that
chrysin stimulates the release of TNF-α by suppressing NF-κB, causing cell death of tumor
cells [98]. Moreover, Touzani et al. studied the potential activity of pinocembrin, quercetin,
and chrysin components of Moroccan propolis as multitarget therapeutic agents [121]. The
authors found that these compounds mediated significant cytostatic, immunomodulatory,
and antiproliferative effects. Using flow cytometry to monitor changes in viability of cell
populations, Samarghandian et al. assessed the effect of chrysin on PC-3 prostate cancer
cells. The study revealed a time-sensitive antiproliferative effect of the chrysin on cancer
cells that peaked after 72 h [122].

4. Molecular Mechanisms of Anticancer Activities of Propolis
4.1. Apoptosis Induction

The evidence for apoptosis as the principal cellular mechanism through which propo-
lis exerts its antitumor effects has been derived from several in vitro studies using several
human cancer cell lines. Propolis could trigger both intrinsic and extrinsic apoptosis signal-
ing pathways. Active molecules in the propolis extract stimulate apoptosis via modulating
regulatory proteins (pro- and anti-apoptotic proteins). For instance, the apoptotic effect
of propolis was found to be mediated through activation of pro-apoptotic proteins such
as Puma and Bax in human oral cancer cell lines [17]. In a study aimed at characterizing
polyphenols in propolis extracts and their anticancer effects, Czyżewska et al. used a
combination of chromatography and mass spectrophotometry to separate EEP into com-
pounds such as chrysin, pinocembrin, caffeic acid, galangin, and ferulic acid. Then, they
examined the individual and collective effects of these components on the viability of
human squamous cell carcinoma cell lines of the tongue (CAL-27). MTT assays indicated
that the extracts displayed a dose-dependent cytotoxicity against the tested cell lines, which
was more effective when used in combination [18]. The molecular mechanism of this effect
was shown to be through activation of caspases 3, 8, and 9, key regulatory proteins in
apoptotic pathways, modulation of kinase C, and suppression of tyrosine kinase signaling
pathways [18]. In another study also using CAL-27 cells, propolis and its components were
shown to trigger PRODH/POX-dependent apoptosis [123]. Ethanolic extract of propolis
was also shown to cause apoptotic cell death in colon cancer cell line by inducing DNA
damage [124]. Studies have also shown that propolis induced apoptosis in the SW620
human colorectal cancer cell line through mitochondrial dysfunction caused by high pro-
duction of reactive oxygen species (ROS) and caspase activation [125,126]. Galangin- and
chrysin-induced apoptosis and mitochondrial membrane potential loss in B16-F1 and A375
melanoma cell lines were mediated through p38 mitogen-activated protein kinase (MAPK)
and Bax activation, as well as downregulating the ERK1/2 signaling pathway [127,128].
Brazilian propolis and its component CAPE triggered apoptosis in prostate cancer by down-
regulating apoptosis inhibitor proteins 1/2 (cIAP-1/2) [97,129]. Several other studies used
breast cancer cell lines and prostate cancer cell lines models and demonstrated that propolis
could trigger apoptosis through the same mechanism across different cancer cell types,
which has been found to be through downregulating PI3K/Akt, p38 MAPK, and ERK1/2
signaling pathways, ER stress, and ROS production and subsequent loss of mitochondrial
potential [130–132]. Further evidence of the apoptotic effect of propolis on cancer cells
was established in a study by Orsolić et al., in which mice were injected with mammary
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carcinoma cells and administered caffeic acid, CAPE, and quercetin. The compounds were
found to significantly decrease the number of viable foci of the tumor cells in rats [102].
The authors attributed this effect with propolis’ immunomodulatory properties as well as
its induction of both apoptosis and necrosis.

Further investigations of the molecular mechanisms of the propolis’s apoptotic effect
have revealed several possible participating molecules. One of these mechanisms is the
induction of tumor necrosis factor-related apoptosis inducing ligand (TRAIL), which is a
crucial selective mediator of apoptotic cell death through the death domain of its recep-
tor [133–136]. Some cancers develop resistance to TRAIL-mediated cell death, a process
that, as revealed in several in vitro studies, can be reversed by propolis-derived compounds.
Treatment of prostate and colon cancer cells with propolis and its constituents was proven
to cause apoptosis via a TRAIL-dependent mechanism [133,137]. Szliszka et al. found that
propolis extracts at concentrations of 50 µg/mL significantly increased the levels of TRAIL
in cervical tumor cell lines. Szliszka et al. investigated the impact of Brazilian propolis
treatment on TRAIL-resistant LNCaP prostate cancer cells [136]. Using a combination of
flow cytometry, fluorescent staining, and HPLC techniques, they recorded an increase in the
expression of the TRAIL-R1 and TRAIL-R2 death receptors on the cells, which translated
to a significant increase in apoptosis rates in the treated cell population. In a different
study, Szliszka et al. evaluated the role of TRAIL in propolis-induced death in cancer
cells [135]. The researchers obtained TRAIL-resistant HeLa cell lines and exposed them to
phenolic acids extracted from propolis [135]. The population of cancer cells displayed an
increase in the rate of apoptosis up to 71%, with the most active concentrates driving this
effect being CAPE and apigenin. A similar conclusion was reached by Szliszka et al., who
examined the effect of the propolis on the viability of LNCaP prostate cells. Using MTT
assays and flow cytometry, the investigators monitored both viability and apoptotic rates
in the cancer cells [135]. They also assessed the expression of the TRAIL death receptor
during the exposure period. They found that propolis sensitized cancer cells to apoptosis
by upregulating TRAIL-R2. Moreover, experimentation with HeLa cell line by Szliszka
et al. indicated that propolis caused an increase in TRAIL-mediated cell death [135].

Suk et al. described a role for activating factor 3 (ATF-3) in inducing cell death in
Hep3B and HepG2 hepatoma cells exposed to Taiwanese propolis. The researchers found
that the propolis not only caused concentration-dependent apoptosis but also an increase
in the stress-inducible ATF-3 and caspases 3 and 9 [138]. Similarly, McEleny et al. described
a role of caspases in apoptotic death of PC-3 cells exposed to the propolis extract [129].

Xuan et al. investigated several molecular mechanisms of propolis-induced cell death
in MCF-7 and MDA-MB-231 breast cancer cells. After treating these cell lines with Chinese
propolis, the researchers monitored the levels of annexin v, p53, NF-κB, and ROS. These
molecules were found to be elevated following exposure of the cells to the alcoholic extract
of the propolis [139]. Moreover, propolis caused a rise in mitochondrial membrane potential,
further supporting the involvement of mitochondria in the apoptotic effect of propolis. In a
2011 study, Xuan et al. examined the molecular events behind propolis-mediated cell death
in umbilical vein endothelial cells. The investigators revealed that at high concentrations,
propolis increased the amounts of integrin β4, ROS, and p53 [140]. The high expression
levels of these molecules, in turn, drove a decrease in mitochondrial membrane potential,
which is an important step in apoptosis.

Aso et al. treated U937 leukemia cells with the propolis extract and studied its
impact on the DNA. They found that propolis not only repressed DNA replication but
also inhibited synthesis of RNA and proteins [141]. The effect on DNA synthesis was
partially irreversible and its fragmentation was prevented by a caspase inhibitor. Further
indication of the role of both caspases in the cytotoxicity of propolis was demonstrated
by Chen et al. [117]. In their 2008 study, pancreatic cancer cell lines BxPC-3 and PANC-1
were incubated with propolis extracts and the cell viability monitored over time using
trypan blue dye exclusion. In addition to quantitative inhibition of viable cells, the propolis
extract induced DNA fragmentation and G1 cell cycle arrest [117]. The association of this



Pharmaceuticals 2023, 16, 450 12 of 28

effect with caspase was underlined by a doubling in the activity of caspases 3 and 7. In
addition, the cytotoxicity, along with the morphological changes, were diminished by a
pan caspase inhibitor. Similarly, another 2004 study by Chen and co-authors assessed the
radical scavenging and apoptotic activity of Taiwanese propolis. The researchers treated
A2058 melanoma cells with the propolis extract, after which they evaluated cells viability,
morphologic changes, and caspase activity [116]. They recorded significant suppression
of proliferation, cell cycle arrest at G1 phase, and an increase in caspase 3. Furthermore,
the activity of death receptors such as Fas and Fas-L was shown to be activated to induce
apoptosis in tumor cells. Among the most prominent apoptotic mechanisms, however, is
the reactivation of tumor suppressor genes, particularly p53, which is a regulator of cell
cycle and apoptosis. Figure 3 represents a model summarizing the molecular mechanisms
of how propolis induces apoptosis in cancer cells.
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4.2. Autophagy Induction

Autophagy is a mechanism by which cells degrade their constituents such as proteins
and small organelles in a protective manner to keep homeostasis. Such a mechanism helps
in protecting normal cells from different diseases. In cancer cells, autophagy can act as both
a cell survival and a cell death mechanism, depending on the pathway [142,143]. Here, we
describe the effect of propolis in modulating the autophagy process in cancer cells. A recent
study showed that Chinese propolis and its major constituent, CAPE, were found to induce
autophagy in a breast cancer cell line (MDA-MB-231) through upregulating LC3-II and
downregulating p62, which are two major markers in autophagy pathway [144]. Another
study also showed autophagy induction by Chinese propolis in the melanoma A375 cell line.
By examining autophagy markers, the conversion of LC3-I/LC3-II, Atg5/Atg12 complex,
and p62 all increased after treatment with Chinese propolis. Additionally, beclin-1 was
downregulated in these cells, suggesting the induction of autophagy [145]. Therefore, the
anticancer effect of propolis via autophagy induction can serve as a cell death mechanism
to stop cancer cell proliferation. Conversely, a recent study showed that the induction
of autophagy by Brazilian propolis constituent artepillin C (ArtC) promoted cancer cell
survival and reduced its sensitivity to anticancer drugs. It was shown that in CWR22Rv1
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prostate cancer cell lines that induction of autophagy served as a protective mechanism
for cancer cells, but when these cells were treated with autophagy inhibitors, apoptosis
was augmented and more cell death was recorded, suggesting that combining ArtC and
autophagy inhibitors can be used to treat prostate cancer [146].

In summary, the role of autophagy in cancer treatment is yet to be defined and more
studies are required to understand the molecular mechanisms through which propolis
affects autophagy and how this can be related to cancer treatment.

4.3. Anti-Proliferative and Cell Cycle Arrest

Cell cycle progression involves two consecutive events, mainly characterized by
genomic DNA replication and the segregation of replicated chromosomes into daughter
cells [21]. Defects developing in cell cycle checkpoints is one of the main mechanisms
underlying tumorigenesis [147]. Evidence for the role of cell cycle control in the anticancer
effect of propolis was reported by several studies. Li et al., investigated the effect of a
Brazilian propolis on DU145 and RC58T/h/SA#4 cell lines of prostate cancer. Besides
reporting significant growth inhibition, the investigators traced the activity to a combination
of S phase arrest, G2 regulation, and concurrent downregulation of cyclins D1, cyclin-
dependent kinase 4 (CDK4), and cyclin B1, major regulators in the cell cycle [97]. Gunduz
et al. described similar cell cycle arrests and telomerase shortening induced by propolis
on U93 leukemia cells [148]. Moreover, in an in vitro experiment involving SW480 cells
from colorectal cancer, He et al. identified comparable CAPE-induced cell cycle arrests
and downregulation of β-catenin signaling, which is an effect that was also reported by
Xiang et al. [149,150]. In oral cancer, propolis and its active component CAPE inhibited the
growth of oral cancer cell lines through modulating cell cycle regulator proteins cyclin D,
Cdks-2/4/6, and cyclin-dependent kinase inhibitors, thus causing cell cycle arrest at G2/M
phase [151]. Likewise, genistein, a common component found in propolis, was reported
to induce cell cycle arrest at G2/M in human colon cancer cells through upregulating
a number of tumor suppressor genes such as p53 [152]. Using the same human colon
cancer cell line, Shimizu found CAPE-induced G0/G1 cycle arrest attributable to Cip1/p21
stimulation by artepillin C in HCT-8 colon cancer cells [153]. Similarly, propolis caused
cell cycle arrest (G0/G1 and G2/M phase) on BT-474 breast cancer cells via upregulating
p21 and p27 expression [154]. Ethanolic extracts of Brazilian propolis treatment of prostate
cancer cells significantly arrested these cells by altering the expression of cyclin A, B, and
D1, and Cdk as well as p21 [97]. Moreover, it has been reported that different types of
propolis and its components exhibited anti-proliferative effect via triggering cell cycle arrest
by enhancing the expression of various tumor suppressor genes including p53, p16, and Rb
as well as downregulation of oncogenes (MIFT and K-Ras) [152,155]. Figure 4 represents a
model summarizing the molecular mechanisms of how propolis induces cell cycle arrest in
cancer cells.

4.4. Anti-Metastatic and Anti-Angiogenesis Effects

Various studies have shown that propolis and its components demonstrated effective
anti-metastatic and anti-angiogenic properties. These zinc-dependent proteolytic enzymes
play a pivotal role in degrading the extracellular matrix to enable tumor cells to spread
to a new site. Hwang et al. investigated the impact of CAPE on metalloproteinases
gene expression in HT1080 fibrosarcoma cells [156]. They found that propolis inhibited
metalloproteinase activity, reduced cell motility, migration, as well as colony formation
by cancer cells. Propolis was shown to inhibit cancer cell metastasis and angiogenesis by
decreasing the activity of MMPs-2/9 [23]. The reduction in MMPs activity was traced to
the downregulation of growth factors like EGF, vascular endothelial growth factor (VEGF)
via modulating Jun N-terminal kinase, ERK1/2, NF-κB, and Akt signaling [23,24]. A
recent study by Frión-Herrera et al. (2020) showed that Cuban propolis and its active
component nemorosone inhibited cell migration via altering the expression of E-cadherin,
vimentin, and β-catenin in HT-29 and LoVo colorectal cell lines. Similar anti-angiogenic
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and anti-metastatic effect of propolis were revealed in the breast cancer cell line model [157].
The contribution of angiogenesis inhibition in propolis-driven anticancer activity was
also explored by Ahn et al. using ICR mic models where they assessed the impact of
Brazilian propolis on the formation of new blood vessels. They revealed that the Brazilian
propolis extract has significant antiangiogenic effects, which was largely attributed to
artepillin C [158]. Considering the role of angiogenesis in the implantation of metastatic
cancers and in the vascularization of neoplastic masses, the inhibition of this process by
propolis represents a promising anticancer mechanism. Daleprane et al. explained the
antiangiogenic properties of propolis as being mediated by a reduction in the levels of
hypoxia-inducible factor-1α (HIF-1α). The authors tested this effect in in vivo samples of
embryonic stem cells. The results showed that propolis caused a decrease in HIF-1α, which
in turn induces a reduction in the expression of VEGF gene [159]. Similar results were
obtained by Meneghelli et al., who examined the effect of Southern Brazilian autumnal
propolis on tubulogenetic potential of endothelial cells. The study revealed that propolis
extracts decreased proliferation of the endothelial cells and, consequently, reduced new
vessel formation [160]. Altogether, these findings suggest that an important mechanism
through which propolis exerts antimetastatic effects is through inhibition of metalloproteins,
downregulation of EGF, HIF-1α, and VEGF via modulating several signaling pathways
including, c-Jun N-terminal kinase, ERK1/2, NF-κB, and Akt signaling. Figure 5 represents
a model summarizing the molecular mechanisms of how propolis suppresses metastasis in
cancer cells.
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4.5. Suppressing Inflammatory Pathway

The anti-inflammatory effect of propolis accounts for part of its anticancer properties,
especially as far as inflammation-associated tumors are concerned. For instance, a study
by Chiu and his team showed that propolis enriched by CAPE inhibited cyclooxygenase-2
subsequently reduced prostaglandin 2 synthesis in human oral epidermal carcinoma KB
cells [25]. Similarly, Ozturk and others have reported that propolis and its component CAPE
exert anticancer activity through modulating the inflammatory response. This response
is associated with suppression of COX-2/LOX, pro-inflammatory cytokines, and NF-κB
signaling with an increase in the production of anti-inflammatory cytokines (IL-10) in the
melanoma cell line [161]. Moreover, propolis was reported to alter the immunological
response through activation of macrophages, natural killer, and T-lymphocytes. Using
gastric cancer and breast cancer models, propolis targeted the inflammatory cascade by
downregulating Toll-like receptor 4 (TLR-4), glycogen synthase kinase 3 beta (GSK3 β), and
NF-κB signaling pathways [144,157,162]. In a 2018 study, Zheng et al. demonstrated that
Chinese propolis exerts anticancer effect in human melanoma cells via trigger apoptosis,
cell cycle arrest, and autophagy by targeting the NLRP1 inflammatory pathway [145].

In an in vivo setting involving mice with Ehrlich ascites tumors, Orsolić and Basic
assessed the effect of water-soluble constituents of Croatian and Brazilian propolis on the
volume of peritoneal exudates released by the cancer and the macrophage activity against
it. In the exposed animals, the researchers not only recorded decreased ascites exudation
but also enhanced macrophage activity, suggesting a propolis-driven synergistic action
and enhancement of the potency of the innate immunity cells [163]. A similar intersection
involving NF-κB suppression has also been found to underlie both immunomodulatory
and anticancer properties of the propolis. In a study on the anti-inflammatory role of CAPE,
Wang et al. assessed its effect on the activity of monocyte-derived dendritic cells. They
found that, along with several other mediators of inflammation, NF-κB activation was
decreased by CAPE treatment [164]. This mechanism has also been identified by several
other studies exploring the antitumor activity of propolis, representing an important
overlap between the two areas of activity.
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4.6. Epigenetic Modulations

MicroRNAs (miRNAs) play an important role in cell proliferation, apoptosis, develop-
ment, and differentiation. Recently, Misir et al. have demonstrated that Turkish propolis
markedly alters the miRNA expression of tumor suppressors’ genes (miR 34, 15a, and 16-
5p) as well as the miR 21 and breast cancer gene (BRCA 1/2) in human breast cancer MCF-7
cells [165]. Interestingly, Omene et al. demonstrated that CAPE causes epigenetic modi-
fication of genes involved in cell growth, chemoresistance, as well as angiogenesis. This
effect arises from the compound’s inhibition of histone deacetylase, causing an increase of
acetylated proteins in breast cancer cells. These changes induce alteration in the expression
levels of estrogen, progesterone, HER2, and EGFR receptors in the MDA-MB-231 breast
cancer cell lines [166]. The effect of another Turkish propolis called “Aydin” was evaluated
on glioblastoma (GBM) and brain cancer stem cells (BCSCs). The propolis treatment regu-
lated large numbers of miRNAs in both cell types. In this study, they identified the role of
two new miRNAs, miR-30d-5p and miR-335-5p, that were not reported previously in brain
cancer studies. The propolis treatment decreased the expression of miR-30d-5p, a potential
oncomir in GBM and increased the expression of miR-335-5p, a potential tumor suppressor
in GMB [167]. Altogether, these findings suggest that propolis may have a reverse effect
on cancer cell proliferation and progression by targeting oncogenes and tumor suppressor
genes or altering miRNA expression.

4.7. Telomerase Inhibition

Telomerase enzyme is known to be upregulated in cancer cells which might contribute
to cell survival by escaping cellular aging and maintaining the proliferation abilities. There-
fore, a key target to cancer treatment is through inhibiting telomerase activity. Propolis
was shown to inhibit the telomerase reverse transcriptase activity in leukemia cells. Even
though the exact mechanism of telomerase inhibition is yet to be defined, it is thought that
inhibiting telomerase activity will lead to a progressive telomere shortening which will
eventually induce senescence and cell death [148,168]. More studies are needed to elucidate
the mechanism of telomerase inhibition by propolis.

Table 2 summarizes the molecular mechanisms by which propolis from different
origins exerts its anticancer effect using different human cancer cell lines’ models.

Table 2. Summary of Anticancer Mechanisms of Propolis on Human Cancer Cell lines.

Cancer Type Cell Lines Propolis Type/
Active Compound Anticancer Mechanism(s) Reference

Breast Cancer MCF-7

CAPE Modulation of the estrogen receptor [169]

New Zealand
Growth arrest of cells by downregulation
of mortalin and activation of p53 tumor

suppressor protein
[112]

Indian propolis Cytotoxicity “less dense and
rounded cells” [170]

Brazilian propolis Anti-proliferation [171]

Turkish propolis

Cell cycle arrest at G1
Apoptosis through increasing

pro-apoptotic protein levels (p21, Bax,
p53, p53-Ser46, p53-Ser15) and

decreasing MMP
Alters the miRNA expression of tumor

suppression gene (miR 34, 15a, and 16-5p),
miR 21 and breast cancer gene (BRCA 1

2 )

[165]
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Table 2. Cont.

Cancer Type Cell Lines Propolis Type/
Active Compound Anticancer Mechanism(s) Reference

Breast Cancer

MDA-MB-231

Cuban red propolis

Apoptosis by modulation of PI3K/Akt,
p38 MAPK, and ERK1/2 signaling

pathways and enhancing ROS generation
and loss of mitochondrial potential.

[130]

CAPE
Inhibit invasion/metastasis and cell

motility through blockage of
voltage-gated sodium channels

[172]

New Zealand propolis Cell cycle arrest by downregulation of
mortalin and activation of p53 [112]

Serbian propolis Cytotoxicity, proapoptotic,
and antioxidative [173]

BT-474 Thai Apis
mellifera propolis

Cell cycle arrest and apoptosis via
p21 upregulation [154]

Colon Cancer

HCT-116

Chinese propolis Apoptosis [137]

Genistein G2/M Cell cycle arrest and apoptosis [152]

Brazilian Propolis Cell cycle arrest via Cip1/p21 expression [153]

Polish propolis Apoptosis by DNA condensation [124]

Serbian propolis Cytotoxicity, proapoptotic
and antioxidative [173]

SW-480 Genistein G2/M cell cycle arrest and apoptosis [152]

SW620
CAPE Anti-angiogenesis and anti-metastasis via

VEGF and MMPs inhibition [24]

Trigona incisa propolis Apoptosis via increasing ROS [125]

HT-29

Cuban Propolis Cell cycle arrest and apoptosis [174]

Indian propolis Cytotoxicity “less dense and
rounded cells” [170]

DLD-1
Propolis cinnamic acid TRAIL-dependent apoptosis [175]

Brazilian propolis Anti-proliferative [171]

Prostate Cancer

PC-3

Kaempferol Anti- proliferation by downregulation of
PCNA and VCAM-1 [176]

CAPE

Apoptosis by decreasing the cIAP-1/2 [129]

Anti-inflammatory through suppression
of COX-2/LOX and NF-κB signaling,

5-a reductase enzyme inhibition
[161]

DU145, PC-3

Brazilian propolis Downregulation of cyclin A, B, and D1,
and Cdk and upregulation of p21 [97]

Chrysin Mitochondrial-mediated apoptosis and
ER stress and down-regulating ERK1/2 [131]

CAPE

PI3K/Akt downregulation [132]

Activation of the non-canonical
Wnt-signaling pathway and

synergistically act with docetaxel and
paclitaxel

[177]

LNCaP,
DU145 Poland propolis TRAIL-mediated apoptosis [133]
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Table 2. Cont.

Cancer Type Cell Lines Propolis Type/
Active Compound Anticancer Mechanism(s) Reference

Oral
Cancers

SCC15/25,
CAL27 CAPE

Cell cycle arrest
p53 and Rb modulation

Downregulation of oncogenes MIFT
and K-Ras

[151]

KB Brazilian
Brown propolis COX-2 inhibition [25]

YD15, HSC-4
HN22 CAPE Apoptosis via up-regulation of Bax and

Puma proteins [17]

TW2.6 CAPE Alteration of c-Jun N-terminal kinase,
ERK1/2, NF-κB, and Akt signaling [178]

CAL27
Chrysin, Caffeic Acid,
p-Coumaric Acid, and

Ferulic Acid

PRODH/POX (proline
degradation/proline oxidase)

dependent apoptosis
[123]

Melanoma

A375

Chinese Propolis
Apoptosis, cell cycle arrest, and

autophagy via NLRP1
Inflammatory Pathway

[145]

Chrysin

Apoptosis (Bax activation) by
upregulating p38 MAPK

Downregulating the ERK1/2
signaling pathway

[128]

A2058 CAPE

Suppression of the production of
pro-inflammatory cytokines

Production of anti-inflammatory
cytokines (IL-10)

[161]

B16F10

Galangin Apoptosis via mitochondrial pathway
and sustained activation of p38 MAPK [127]

Chrysin

Apoptosis and mitochondrial membrane
potential loss through upregulating p38

mitogen-activated protein kinase (MAPK)
and p62

Downregulation of tyrosinase activity
(anti-melanogenesis) by modulating

microphthalmia-associated
transcription factor

[128]

Osteosarcoma U2OS

New Zealand propolis Cell cycle arrest by downregulation of
mortalin and activation of p53 [112]

Brazilian
green propolis

Activation of p53 and growth arrest [113]

Apoptosis [179]

Lung
Carcinoma

A549

New Zealand propolis Cell cycle arrest by downregulation of
mortalin and activation of p53 [112]

Brazilian
green propolis Activation of p53 and growth arrest [113]

Brazilian propolis Anti-proliferative [171]

Cervical Cancer HeLa Brazilian red propolis
Downregulation the expression alpha

tubulin, tubulin, histone H3 and
prostaglandin E synthase.

[180]



Pharmaceuticals 2023, 16, 450 19 of 28

Table 2. Cont.

Cancer Type Cell Lines Propolis Type/
Active Compound Anticancer Mechanism(s) Reference

New Zealand propolis
Cell cycle arrest mediated by

downregulation of mortalin and
activation of p53

[112]

Gastric Cancer AGS
Iran propolis Downregulation the mRNA expression of

PLD1 gene [120]

Poland propolis Interleukin (IL)-8 suppression [181]

Pancreatic
Cancer

PANC-1
Algerian propolis

Cell cycle arrest,
Apoptosis,

P-Glycoprotein Inhibition
[182]

Vietnamese
Trigona minor Antiausterity [183]

Oesophageal
carcinoma

Eca9706, TE-1,
and EC109 Galangin Apoptosis and cell cycle arrest [184]

Hepatocellular
Carcinoma HEp-2 Chinese and Egyptian

propolis
Protection against doxorubicin-induced

genotoxicity [185]

Neuroblastoma IMR32 New Zealand propolis Cell cycle arrest by downregulation of
mortalin and activation of p53 [112]

Fibrosarcoma HT1080 Brazilian green
propolis Cell cycle arrest via activation of p53 [113]

Leukemia CCRF-SB Turkish propolis Apoptosis [186]

5. Synergistic Effect of Propolis with Other Anticancer Agents

Propolis has been shown to increase the activity of existing chemotherapeutic agents
and inhibit some of their side effects. Using glioblastoma cell lines and H3-thymidine
incorporation to measure cell division, Markiewicz-Żukowska et al. assessed the impact
of propolis on the activity of temozolomide against these cells. The results indicated that
the combination of the two substances enhanced tumor suppression [187]. The mechanism
of EEP’s growth inhibition seemed to be mediated by reducing NF-κB activity. In another
study, Milosevic-Djordjevic et al. studied the in vitro activity of propolis against carcino-
genesis in lymphocytes and breast cancer cells as well as how EEP in combination with
mitomycin C affected the chemotherapeutic properties of the latter [188]. The findings
revealed a concentration- and time-dependent anticancer effect of EEP, which was higher
in cells exposed to a combination of propolis and mitomycin C. Padmavathi et al. also re-
ported enhancement of paclitaxel cytotoxicity against breast cancer in female mice exposed
to propolis [189].

Salim et al. compared tumor suppressive, antioxidant, and antimicrobial activity
of Egyptian propolis and doxorubicin (a standard chemotherapeutic agent) [190]. The
research results indicated that EEP, whether alone or in combination with doxorubicin, has
higher antioxidant, apoptotic, as well as antiproliferative effects on prostate cancer cell lines
compared to doxorubicin alone. In a similar study, Hasan et al. compared the effectiveness
of a combination of EEP and extracts of Curuma zanthorrhiza in inhibiting proliferation of
MDA-MB-231 breast cancer cell lines in an in vitro setting [191]. Using MTT assays, they
found that the two extracts exerted a synergistic effect and exhibited higher antitumor
activity than either of the extracts used individually. The combined treatment also had
higher suppression activity than the doxorubicin control [191].

6. Conclusions

Along with other honey products, propolis has found a myriad of applications across
cultures over time. In the scientific community, propolis has drawn interest following



Pharmaceuticals 2023, 16, 450 20 of 28

its immunomodulatory, antimicrobial, wound healing, hepatoprotective, and anticancer
properties. A resinous mixture of over 300 chemical compounds, propolis has been the
subject of many scholarly studies seeking to verify and understand its effects on various
biological activities. A great deal of this interest is driven by the need to develop effective
chemotherapeutic and chemopreventive agents; the urgency of which is underlined by
the high morbidity and mortality rates accompanying many cancers. As a result of these
needs, many in vitro and in vivo studies have been performed and many reports published
that have documented both the anticancer effects and the underlying molecular pathways
and signaling mechanisms utilized by propolis in various cell lines and animal models.
These investigations have revealed such effects via inhibition of proliferation, decrease
of metastatic potential, and direct cytotoxicity against cancerous cells. These effects are
mediated through a collection of interdependent subcellular pathways and molecules,
with the most apparent being apoptosis. Studies have identified roles of cell cycle arrests
at different stages (mostly G0 and G1), modulation of mitogen-activated protein kinases
(MAPK), and induction of TRAIL death receptor expression, mitochondrial membrane
potential disruption, and regulation of caspases. Despite the large number of studies on the
topic, a comprehensive understanding of the extent of effects of propolis on cancer cells,
including the definite number and types of susceptible cancers, has yet to be established.
Furthermore, this knowledge has hardly been extrapolated beyond in vitro and in vivo
studies. Therefore, the knowledge base on propolis and its chemoprevention and treatment
role, despite being an area of significant excitement and potential, has yet to be well
established. Moreover, as research into the molecular basis of propolis effects on tumors
continues, the role of more cellular pathways is becoming apparent.
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18. Czyżewska, U.; Siemionow, K.; Zaręba, I.; Miltyk, W. Proapoptotic activity of propolis and their components on human tongue
squamous cell carcinoma cell line (CAL-27). PLoS ONE 2016, 11, e0157091. [CrossRef]

19. El-khawaga, O.-A.Y.; Salem, T.A.; Elshal, M.F. Protective role of Egyptian propolis against tumor in mice. Clin. Chim. Acta 2003,
338, 11–16. [CrossRef]

20. Motomura, M.; Kwon, K.M.; Suh, S.J.; Lee, Y.C.; Kim, Y.K.; Lee, I.S.; Kim, M.S.; Kwon, D.Y.; Suzuki, I.; Kim, C.H. Propolis induces
cell cycle arrest and apoptosis in human leukemic U937 cells through Bcl-2/Bax regulation. Environ. Toxicol. Pharmacol. 2008, 26,
61–67. [CrossRef] [PubMed]

21. Vermeulen, K.; Van Bockstaele, D.R.; Berneman, Z.N. The cell cycle: A review of regulation, deregulation and therapeutic targets
in cancer. Cell Prolif. 2003, 36, 131–149. [CrossRef] [PubMed]

22. Weng, M.S.; Liao, C.H.; Chen, C.N.; Wu, C.L.; Lin, J.K. Propolin H from Taiwanese propolis induces G1 arrest in human lung
carcinoma cells. J. Agric. Food Chem. 2007, 55, 5289–5298. [CrossRef] [PubMed]

23. Hwu, Y.-J.; Lin, F.-Y. Effectiveness of propolis on oral health: A meta-analysis. J. Nurs. Res. 2014, 22, 221–230. [CrossRef] [PubMed]
24. Liao, H.-F.; Chen, Y.-Y.; Liu, J.-J.; Hsu, M.-L.; Shieh, H.-J.; Liao, H.-J.; Shieh, C.-J.; Shiao, M.-S.; Chen, Y.-J. Inhibitory effect of caffeic

acid phenethyl ester on angiogenesis, tumor invasion, and metastasis. J. Agric. Food Chem. 2003, 51, 7907–7912. [CrossRef]
25. Chiu, H.-F.; Yang, C.-S.; Chi, H.-I.; Han, Y.-C.; Shen, Y.-C.; Venkatakrishnan, K.; Wang, C.-K. Cyclooxygenase-2 expression in oral

precancerous and cancerous conditions and its inhibition by caffeic acid phenyl ester-enriched propolis in human oral epidermal
carcinoma KB cells. Arch. Biol. Sci. 2017, 69, 83–91. [CrossRef]

26. Doi, K.; Fujioka, M.; Sokuza, Y.; Ohnishi, M.; Gi, M.; Takeshita, M.; Kumada, K.; Kakehashi, A.; Wanibuchi, H. Chemopreventive
action by ethanol-extracted Brazilian green propolis on post-initiation phase of inflammation-associated rat colon tumorigenesis.
In Vivo 2017, 31, 187–197. [CrossRef] [PubMed]

27. Cuesta-Rubio, O.; Piccinelli, A.L.; Campo Fernandez, M.; Marquez Hernandez, I.; Rosado, A.; Rastrelli, L. Chemical characteriza-
tion of Cuban propolis by HPLC−PDA, HPLC−MS, and NMR: The brown, red, and yellow Cuban varieties of propolis. J. Agric.
Food Chem. 2007, 55, 7502–7509. [CrossRef]

28. Lotti, C.; Campo Fernandez, M.; Piccinelli, A.L.; Cuesta-Rubio, O.; Marquez Hernandez, I.; Rastrelli, L. Chemical constituents of
red Mexican propolis. J. Agric. Food Chem. 2010, 58, 2209–2213. [CrossRef] [PubMed]

http://doi.org/10.1002/cncr.31551
http://www.ncbi.nlm.nih.gov/pubmed/29786848
http://doi.org/10.2174/138920008785821657
http://www.ncbi.nlm.nih.gov/pubmed/18781909
http://doi.org/10.1155/2014/721402
http://www.ncbi.nlm.nih.gov/pubmed/25478599
http://www.ncbi.nlm.nih.gov/pubmed/26594645
http://www.ncbi.nlm.nih.gov/pubmed/28244479
http://doi.org/10.3389/fphar.2018.01253
http://doi.org/10.4103/0019-509X.102860
http://www.ncbi.nlm.nih.gov/pubmed/23107970
http://doi.org/10.1159/000086183
http://www.ncbi.nlm.nih.gov/pubmed/16103712
http://doi.org/10.1093/jnci/djn175
http://doi.org/10.1177/2156587217696927
http://doi.org/10.1371/journal.pone.0218125
http://www.ncbi.nlm.nih.gov/pubmed/31185048
http://doi.org/10.3896/IBRA.4.02.1.01
http://doi.org/10.1111/j.2042-7158.2011.01331.x
http://doi.org/10.15430/JCP.2020.25.2.70
http://doi.org/10.4314/tjpr.v14i5.5
http://doi.org/10.1080/01635581.2019.1640884
http://www.ncbi.nlm.nih.gov/pubmed/31318622
http://doi.org/10.1016/j.archoralbio.2017.09.024
http://doi.org/10.1371/journal.pone.0157091
http://doi.org/10.1016/S0009-8981(03)00323-1
http://doi.org/10.1016/j.etap.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/21783889
http://doi.org/10.1046/j.1365-2184.2003.00266.x
http://www.ncbi.nlm.nih.gov/pubmed/12814430
http://doi.org/10.1021/jf070201n
http://www.ncbi.nlm.nih.gov/pubmed/17530771
http://doi.org/10.1097/jnr.0000000000000054
http://www.ncbi.nlm.nih.gov/pubmed/25386865
http://doi.org/10.1021/jf034729d
http://doi.org/10.2298/ABS160324081C
http://doi.org/10.21873/invivo.11044
http://www.ncbi.nlm.nih.gov/pubmed/28358699
http://doi.org/10.1021/jf071296w
http://doi.org/10.1021/jf100070w
http://www.ncbi.nlm.nih.gov/pubmed/20121106


Pharmaceuticals 2023, 16, 450 22 of 28

29. Barth, O.M. Pollen analysis of Brazilian propolis. Grana 1998, 37, 97–101. [CrossRef]
30. Daugsch, A.; Moraes, C.S.; Fort, P.; Park, Y.K. Brazilian red propolis—Chemical composition and botanical origin. Evid.-Based

Complement. Altern. Med. 2008, 5, 435–441. [CrossRef] [PubMed]
31. Thirugnanasampandan, R.; Raveendran, S.B.; Jayakumar, R. Analysis of chemical composition and bioactive property evaluation

of Indian propolis. Asian Pac. J. Trop. Biomed. 2012, 2, 651–654. [CrossRef] [PubMed]
32. Oldoni, T.L.C.; Cabral, I.S.; d’Arce, M.A.R.; Rosalen, P.L.; Ikegaki, M.; Nascimento, A.M.; Alencar, S.M. Isolation and analysis of

bioactive isoflavonoids and chalcone from a new type of Brazilian propolis. Sep. Purif. Technol. 2011, 77, 208–213. [CrossRef]
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42. Słotwiński, B.; Pączkowski, C.; Szakiel, A. Characteristics of the content of lipophilic compounds in propolis and selected types
of honey. In Proceedings of the XIII International Scientific Agricultural Symposium “Agrosym 2022”, Jahorina, Bosnia and
Herzegovina, 6–9 October 2022; p. 262.

43. Tani, H.; Hikami, S.; Takahashi, S.; Kimura, Y.; Matsuura, N.; Nakamura, T.; Yamaga, M.; Koshino, H. Isolation, identification,
and synthesis of a new prenylated cinnamic acid derivative from Brazilian green propolis and simultaneous quantification of
bioactive components by LC-MS/MS. J. Agric. Food Chem. 2019, 67, 12303–12312. [CrossRef] [PubMed]

44. Kegode, T.M.; Bargul, J.L.; Mokaya, H.O.; Lattorff, H.M.G. Phytochemical composition and bio-functional properties of Apis
mellifera propolis from Kenya. R. Soc. Open Sci. 2022, 9, 211214. [CrossRef] [PubMed]

45. Salleh, S.N.A.S.; Hanapiah, N.A.M.; Johari, W.L.W.; Ahmad, H.; Osman, N.H. Analysis of bioactive compounds and chemical
composition of Malaysian stingless bee propolis water extracts. Saudi J. Biol. Sci. 2021, 28, 6705–6710. [CrossRef] [PubMed]

46. Eroglu, N.; Akkus, S.; Yaman, M.; Asci, B.; Silici, S. Amino acid and vitamin content of propolis collected by native caucasican
honeybees. J. Apic. Sci. 2016, 60, 101–110. [CrossRef]

47. Rebiai, A.; Belfar, M.; Mesbahi, M.; Nani, S.; Tliba, A.; Amara, D.G.; Chouikh, A. Fatty acid composition of Algerian propolis.
J. Fundam. Appl. Sci. 2017, 9, 1656–1671.

48. Abdullah, N.A.; Zullkiflee, N.; Zaini, S.N.Z.; Taha, H.; Hashim, F.; Usman, A. Phytochemicals, mineral contents, antioxidants, and
antimicrobial activities of propolis produced by Brunei stingless bees Geniotrigona thoracica, Heterotrigona itama, and Tetrigona
binghami. Saudi J. Biol. Sci. 2020, 27, 2902–2911. [CrossRef]

49. Porrini, M.; Riso, P. Factors influencing the bioavailability of antioxidants in foods: A critical appraisal. Nutr. Metab. Cardiovasc.
Dis. 2008, 18, 647–650. [CrossRef]

50. Curti, V.; Zaccaria, V.; Tsetegho Sokeng, A.J.; Dacrema, M.; Masiello, I.; Mascaro, A.; D’Antona, G.; Daglia, M. Bioavailability and
in vivo antioxidant activity of a standardized polyphenol mixture extracted from brown propolis. Int. J. Mol. Sci. 2019, 20, 1250.
[CrossRef] [PubMed]

51. Gao, S.; Siddiqui, N.; Etim, I.; Du, T.; Zhang, Y.; Liang, D. Developing nutritional component chrysin as a therapeutic agent:
Bioavailability and pharmacokinetics consideration, and ADME mechanisms. Biomed. Pharmacother. 2021, 142, 112080. [CrossRef]
[PubMed]

52. Mesbah, L.; Samia, A. Bioavailability and pharmacokinetic of the Algerian propolis constituent naringenin in rats after oral
administration. Planta Med. 2011, 77, PA11. [CrossRef]

53. Kumazawa, S.; Shimoi, K.; Hayashi, K.; Ishii, T.; Hamasaka, T.; Nakayama, T. Identification of metabolites in plasma and urine of
Uruguayan propolis-treated rats. J. Agric. Food Chem. 2004, 52, 3083–3088. [CrossRef] [PubMed]

54. Shimizu, K.; Ashida, H.; Matsuura, Y.; Kanazawa, K. Antioxidative bioavailability of artepillin C in Brazilian propolis. Arch.
Biochem. Biophys. 2004, 424, 181–188. [CrossRef] [PubMed]

http://doi.org/10.1080/00173139809362650
http://doi.org/10.1093/ecam/nem057
http://www.ncbi.nlm.nih.gov/pubmed/18955226
http://doi.org/10.1016/S2221-1691(12)60114-2
http://www.ncbi.nlm.nih.gov/pubmed/23569988
http://doi.org/10.1016/j.seppur.2010.12.007
http://doi.org/10.1016/j.micres.2005.01.002
http://doi.org/10.1021/np0495884
http://www.ncbi.nlm.nih.gov/pubmed/15974622
http://doi.org/10.1021/jf0518756
http://doi.org/10.3896/IBRA.4.01.2.01
http://doi.org/10.3390/s130810539
http://doi.org/10.1016/j.apjtb.2017.06.009
http://doi.org/10.1080/00218839.2016.1277602
http://doi.org/10.1016/j.ejphar.2022.175127
http://doi.org/10.2478/s11535-010-0112-3
http://doi.org/10.1021/acs.jafc.9b04835
http://www.ncbi.nlm.nih.gov/pubmed/31597041
http://doi.org/10.1098/rsos.211214
http://www.ncbi.nlm.nih.gov/pubmed/35911197
http://doi.org/10.1016/j.sjbs.2021.07.049
http://www.ncbi.nlm.nih.gov/pubmed/34866969
http://doi.org/10.1515/jas-2016-0021
http://doi.org/10.1016/j.sjbs.2020.09.014
http://doi.org/10.1016/j.numecd.2008.08.004
http://doi.org/10.3390/ijms20051250
http://www.ncbi.nlm.nih.gov/pubmed/30871097
http://doi.org/10.1016/j.biopha.2021.112080
http://www.ncbi.nlm.nih.gov/pubmed/34449320
http://doi.org/10.1055/s-0031-1282207
http://doi.org/10.1021/jf0353234
http://www.ncbi.nlm.nih.gov/pubmed/15137857
http://doi.org/10.1016/j.abb.2004.02.021
http://www.ncbi.nlm.nih.gov/pubmed/15047190


Pharmaceuticals 2023, 16, 450 23 of 28

55. Wu, F.; Song, X.-M.; Qiu, Y.-L.; Zheng, H.-Q.; Hu, F.-L.; Li, H.-L. Unique dynamic mode between Artepillin C and human serum
albumin implies the characteristics of Brazilian green propolis representative bioactive component. Sci. Rep. 2020, 10, 17277.
[CrossRef]

56. Paulino, N.; Abreu, S.R.L.; Uto, Y.; Koyama, D.; Nagasawa, H.; Hori, H.; Dirsch, V.M.; Vollmar, A.M.; Scremin, A.; Bretz, W.A.
Anti-inflammatory effects of a bioavailable compound, Artepillin C, in Brazilian propolis. Eur. J. Pharmacol. 2008, 587, 296–301.
[CrossRef] [PubMed]

57. Boufadi, Y.M.; Van Antwerpen, P.; Chikh Alard, I.; Nève, J.; Djennas, N.; Riazi, A.; Soubhye, J. Antioxidant effects and
bioavailability evaluation of propolis extract and its content of pure polyphenols. J. Food Biochem. 2018, 42, e12434. [CrossRef]

58. Tan, M.I.; Rahayu, A.K. Synthesis of Chitosan-Folic Acid Nanoparticles as a Drug Delivery System for Propolis Compounds.
Multifaceted Protoc. Biotechnol. 2021, 2, 145–159.

59. Cavalu, S.; Bisboaca, S.; Mates, I.M.; Pasca, P.M.; Laslo, V.; Costea, T.; Fritea, L.; Vicas, S. Novel Formulation Based on Chitosan-
Arabic Gum Nanoparticles Entrapping Propolis Extract. Rev. Chim. 2018, 69, 3756–3760. [CrossRef]

60. Kujumgiev, A.; Tsvetkova, I.; Serkedjieva, Y.; Bankova, V.; Christov, R.; Popov, S. Antibacterial, antifungal and antiviral activity of
propolis of different geographic origin. J. Ethnopharmacol. 1999, 64, 235–240. [CrossRef] [PubMed]

61. Bankova, V.; Christov, R.; Kujumgiev, A.; Marcucci, M.; Popov, S. Chemical composition and antibacterial activity of Brazilian
propolis. Z. Nat. C 1995, 50, 167–172. [CrossRef] [PubMed]

62. Trusheva, B.; Todorov, I.; Ninova, M.; Najdenski, H.; Daneshmand, A.; Bankova, V. Antibacterial mono-and sesquiterpene esters
of benzoic acids from Iranian propolis. Chem. Cent. J. 2010, 4, 8. [CrossRef]

63. Silici, S.; Kutluca, S. Chemical composition and antibacterial activity of propolis collected by three different races of honeybees in
the same region. J. Ethnopharmacol. 2005, 99, 69–73. [CrossRef]

64. Kumar, N.; KK, M.A.; Dang, R.; Husain, A. Antioxidant and antimicrobial activity of propolis from Tamil Nadu zone. J. Med.
Plants Res. 2008, 2, 361–364.

65. Monzote, L.; Cuesta-Rubio, O.; Campo Fernandez, M.; Márquez Hernandez, I.; Fraga, J.; Pérez, K.; Kerstens, M.; Maes, L.; Cos, P.
In vitro antimicrobial assessment of Cuban propolis extracts. Memórias Do Inst. Oswaldo Cruz 2012, 107, 978–984. [CrossRef]

66. Wagh, V.D. Propolis: A wonder bees product and its pharmacological potentials. Adv. Pharmacol. Pharm. Sci. 2013, 2013, 308249.
[CrossRef]

67. Farnesi, A.P.; Aquino-Ferreira, R.; Jong, D.D.; Bastos, J.K.; Soares, A.E.E. Effects of stingless bee and honey bee propolis on four
species of bacteria. Genet. Mol. Res. 2009, 8, 635–640. [CrossRef] [PubMed]

68. Kai, H.; Obuchi, M.; Yoshida, H.; Watanabe, W.; Tsutsumi, S.; Park, Y.K.; Matsuno, K.; Yasukawa, K.; Kurokawa, M. In vitro and
in vivo anti-influenza virus activities of flavonoids and related compounds as components of Brazilian propolis (AF-08). J. Funct.
Foods 2014, 8, 214–223. [CrossRef]

69. Gekker, G.; Hu, S.X.; Spivak, M.; Lokensgard, J.R.; Peterson, P.K. Anti-HIV-1 activity of propolis in CD4(+) lymphocyte and
microglial cell cultures. J. Ethnopharmacol. 2005, 102, 158–163. [CrossRef] [PubMed]

70. Schnitzler, P.; Neuner, A.; Nolkemper, S.; Zundel, C.; Nowack, H.; Sensch, K.H.; Reichling, J. Antiviral activity and mode of action
of propolis extracts and selected compounds. Phytother. Res. 2010, 24, S20–S28. [CrossRef]

71. Refaat, H.; Mady, F.M.; Sarhan, H.A.; Rateb, H.S.; Alaaeldin, E. Optimization and evaluation of propolis liposomes as a promising
therapeutic approach for COVID-19. Int. J. Pharm. 2021, 592, 120028. [CrossRef] [PubMed]

72. Koc, A.N.; Silici, S.; Mutlu-Sariguzel, F.; Sagdic, O. Antifungal activity of propolis in four different fruit juices. Food Technol.
Biotechnol. 2007, 45, 57–61.

73. Koç, A.N.; Silici, S.; Kasap, F.; Hörmet-Öz, H.T.; Mavus-Buldu, H.; Ercal, B.D. Antifungal activity of the honeybee products
against Candida spp. and Trichosporon spp. J. Med. Food 2011, 14, 128–134. [CrossRef]

74. Bueno-Silva, B.; Alencar, S.M.; Koo, H.; Ikegaki, M.; Silva, G.V.; Napimoga, M.H.; Rosalen, P.L. Anti-inflammatory and
antimicrobial evaluation of neovestitol and vestitol isolated from Brazilian red propolis. J. Agric. Food Chem. 2013, 61, 4546–4550.
[CrossRef]

75. Oliveira, A.C.P.; Shinobu, C.S.; Longhini, R.; Franco, S.L.; Svidzinski, T.I.E. Antifungal activity of propolis extract against yeasts
isolated from onychomycosis lesions. Memórias Do Inst. Oswaldo Cruz 2006, 101, 493–497. [CrossRef]

76. De Almeida, E.; Menezes, H. Anti-inflammatory activity of propolis extracts: A review. J. Venom. Anim. Toxins 2002, 8, 191–212.
[CrossRef]

77. Mirzoeva, O.; Calder, P. The effect of propolis and its components on eicosanoid production during the inflammatory response.
Prostaglandins Leukot. Essent. Fat. Acids 1996, 55, 441–449. [CrossRef]

78. Borrelli, F.; Maffia, P.; Pinto, L.; Ianaro, A.; Russo, A.; Capasso, F.; Ialenti, A. Phytochemical compounds involved in the
anti-inflammatory effect of propolis extract. Fitoterapia 2002, 73, S53–S63. [CrossRef]

79. Özcan, M. Use of propolis extract as a natural antioxidant for plant oils. Grasas Y Aceites 2000, 51, 251–253. [CrossRef]
80. Ahn, M.-R.; Kumazawa, S.; Usui, Y.; Nakamura, J.; Matsuka, M.; Zhu, F.; Nakayama, T. Antioxidant activity and constituents of

propolis collected in various areas of China. Food Chem. 2007, 101, 1383–1392. [CrossRef]
81. Silva, V.; Genta, G.; Möller, M.a.N.; Masner, M.; Thomson, L.; Romero, N.; Radi, R.; Fernandes, D.C.; Laurindo, F.R.; Heinzen, H.

Antioxidant activity of Uruguayan propolis. In vitro and cellular assays. J. Agric. Food Chem. 2011, 59, 6430–6437. [CrossRef]
[PubMed]

http://doi.org/10.1038/s41598-020-74197-4
http://doi.org/10.1016/j.ejphar.2008.02.067
http://www.ncbi.nlm.nih.gov/pubmed/18474366
http://doi.org/10.1111/jfbc.12434
http://doi.org/10.37358/RC.18.12.6836
http://doi.org/10.1016/S0378-8741(98)00131-7
http://www.ncbi.nlm.nih.gov/pubmed/10363838
http://doi.org/10.1515/znc-1995-3-402
http://www.ncbi.nlm.nih.gov/pubmed/7766255
http://doi.org/10.1186/1752-153X-4-8
http://doi.org/10.1016/j.jep.2005.01.046
http://doi.org/10.1590/S0074-02762012000800003
http://doi.org/10.1155/2013/308249
http://doi.org/10.4238/vol8-2kerr023
http://www.ncbi.nlm.nih.gov/pubmed/19554760
http://doi.org/10.1016/j.jff.2014.03.019
http://doi.org/10.1016/j.jep.2005.05.045
http://www.ncbi.nlm.nih.gov/pubmed/16046088
http://doi.org/10.1002/ptr.2868
http://doi.org/10.1016/j.ijpharm.2020.120028
http://www.ncbi.nlm.nih.gov/pubmed/33166584
http://doi.org/10.1089/jmf.2009.0296
http://doi.org/10.1021/jf305468f
http://doi.org/10.1590/S0074-02762006000500002
http://doi.org/10.1590/S0104-79302002000200002
http://doi.org/10.1016/S0952-3278(96)90129-5
http://doi.org/10.1016/S0367-326X(02)00191-0
http://doi.org/10.3989/gya.2000.v51.i4.420
http://doi.org/10.1016/j.foodchem.2006.03.045
http://doi.org/10.1021/jf201032y
http://www.ncbi.nlm.nih.gov/pubmed/21563839


Pharmaceuticals 2023, 16, 450 24 of 28

82. Kumazawa, S.; Hamasaka, T.; Nakayama, T. Antioxidant activity of propolis of various geographic origins. Food Chem. 2004, 84,
329–339. [CrossRef]

83. Miguel, M.G.; Nunes, S.; Dandlen, S.A.; Cavaco, A.M.; Antunes, M.D. Phenols and antioxidant activity of hydro-alcoholic extracts
of propolis from Algarve, South of Portugal. Food Chem. Toxicol. 2010, 48, 3418–3423. [CrossRef] [PubMed]

84. Zabaiou, N.; Fouache, A.; Trousson, A.; Baron, S.; Zellagui, A.; Lahouel, M.; Lobaccaro, J.-M.A. Biological properties of propolis
extracts: Something new from an ancient product. Chem. Phys. Lipids 2017, 207, 214–222. [CrossRef]

85. Zullkiflee, N.; Taha, H.; Usman, A. Propolis: Its role and efficacy in human health and diseases. Molecules 2022, 27, 6120.
[CrossRef] [PubMed]

86. Desamero, M.J.; Kakuta, S.; Tang, Y.; Chambers, J.K.; Uchida, K.; Estacio, M.A.; Cervancia, C.; Kominami, Y.; Ushio, H.;
Nakayama, J. Tumor-suppressing potential of stingless bee propolis in in vitro and in vivo models of differentiated-type gastric
adenocarcinoma. Sci. Rep. 2019, 9, 19635. [CrossRef]

87. Brihoum, H.; Maiza, M.; Sahali, H.; Boulmeltout, M.; Barratt, G.; Benguedouar, L.; Lahouel, M. Dual effect of Algerian propolis on
lung cancer: Antitumor and chemopreventive effects involving antioxidant activity. Braz. J. Pharm. Sci. 2018, 54. [CrossRef]

88. Choudhari, M.K.; Haghniaz, R.; Rajwade, J.M.; Paknikar, K.M. Anticancer activity of Indian stingless bee propolis: An in vitro
study. Evid.-Based Complement. Altern. Med. 2013, 2013, 928280. [CrossRef]

89. Calhelha, R.C.; Falcão, S.; Queiroz, M.J.R.; Vilas-Boas, M.; Ferreira, I.C. Cytotoxicity of Portuguese propolis: The proximity of the
in vitro doses for tumor and normal cell lines. BioMed Res. Int. 2014, 2014, 897361. [CrossRef]

90. Umthong, S.; Phuwapraisirisan, P.; Puthong, S.; Chanchao, C. In vitro antiproliferative activity of partially purified Trigona
laeviceps propolis from Thailand on human cancer cell lines. BMC Complement. Altern. Med. 2011, 11, 37. [CrossRef] [PubMed]

91. Amini-Sarteshnizi, N.; Mobini-Dehkordi, M.; Khosravi-Farsani, S.; Teimori, H. Anticancer activity of ethanolic extract of propolis
on AGS cell line. J. Herbmed Pharmacol. 2015, 4, 29–34.

92. De Mendonça, I.C.G.; de Moraes Porto, I.C.C.; do Nascimento, T.G.; de Souza, N.S.; dos Santos Oliveira, J.M.; dos Santos Arruda, R.E.;
Mousinho, K.C.; dos Santos, A.F.; Basílio-Júnior, I.D.; Parolia, A. Brazilian red propolis: Phytochemical screening, antioxidant
activity and effect against cancer cells. BMC Complement. Altern. Med. 2015, 15, 357. [CrossRef]

93. Waly, M.I.; Al Ajimi, H.; Al-Lawati, H.T.; Guizani, N.I.; Rahman, S.S. In vivo and In vitro evidence of anticancer effects of Omani
propolis against colon cancer. FASEB J. 2017, 31, 790.22.

94. Carvalho, A.A.; Finger, D.; Machado, C.S.; Schmidt, E.M.; da Costa, P.M.; Alves, A.P.N.N.; Morais, T.M.F.; de Queiroz, M.G.R.;
Quináia, S.P.; da Rosa, M.R. In vivo antitumoural activity and composition of an oil extract of Brazilian propolis. Food Chem. 2011,
126, 1239–1245. [CrossRef]

95. Li, F.; Awale, S.; Zhang, H.; Tezuka, Y.; Esumi, H.; Kadota, S. Chemical constituents of propolis from Myanmar and their
preferential cytotoxicity against a human pancreatic cancer cell line. J. Nat. Prod. 2009, 72, 1283–1287. [CrossRef] [PubMed]

96. Li, F.; Awale, S.; Tezuka, Y.; Kadota, S. Cytotoxic constituents of propolis from Myanmar and their structure–activity relationship.
Biol. Pharm. Bull. 2009, 32, 2075–2078. [CrossRef] [PubMed]

97. Li, H.; Kapur, A.; Yang, J.X.; Srivastava, S.; McLeod, D.G.; Paredes-Guzman, J.F.; Daugsch, A.; Park, Y.K.; Rhim, J.S. Antiprolifer-
ation of human prostate cancer cells by ethanolic extracts of Brazilian propolis and its botanical origin. Int. J. Oncol. 2007, 31,
601–606. [CrossRef] [PubMed]

98. Li, X.; Huang, Q.; Ong, C.-N.; Yang, X.-F.; Shen, H.-M. Chrysin sensitizes tumor necrosis factor-α-induced apoptosis in human
tumor cells via suppression of nuclear factor-kappaB. Cancer Lett. 2010, 293, 109–116. [CrossRef] [PubMed]

99. Utispan, K.; Chitkul, B.; Koontongkaew, S. Cytotoxic activity of propolis extracts from the stingless bee Trigona sirindhornae
against primary and metastatic head and neck cancer cell lines. Asian Pac. J. Cancer Prev. 2017, 18, 1051–1055.
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