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Propolis is a natural material that honey bees (Apis mellifera) produce from various botanical sources. The therapeutic
activity of propolis, including antibacterial, antifungal, and anti-inflammatory effects, have been known since antiquity.
Propolis is a rich source of biologically active compounds, which affect numerous signaling pathways regulating crucial
cellular processes. The results of the latest research show that propolis can inhibit proliferation, angiogenesis, and
metastasis of cancer cells and stimulate apoptosis. Moreover, it may influence the tumor microenvironment and multidrug
resistance of cancers.
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| 1. Introduction

Propolis is a natural and sticky material, also known as bee glue, that honey bees (Apis mellifera) produce from saps,
resins, and mucilages collected from various parts of the plant, such as leaves, flower buds, and tree barks, then mixing
them with beeswax and several bee enzymes W&, The word propolis originates from ancient Greek, in which “pro” stands
for “at the entrance to” and “polis” for “community” or “city”, indicating that this natural product is used in hive protection
and defense BI4IE, Honey bees use this natural material to fix damage in the hive (covering the holes and sealing the
cracks in the nest), to refine the internal walls, and to maintain constant humidity and temperature in the hive. Moreover, it
is used to defend the colony from pathogen microorganisms, parasites, and predators WBEIEIEII At elevated
temperatures, propolis is soft, pliable, and very sticky, while at low temperatures, it becomes hard and brittle; after cooling,
it will remain brittle even at higher temperatures . Propolis is characterized by specific herbaceous aromatic scents with

various colors, including brown, yellow, green, and red, depending on the source from which it is obtained and the storage
time (L8],

The therapeutic activity of propolis has been extensively explored in traditional medicine throughout centuries and cultures
[, The ancient Egyptians used it mainly to embalm their cadavers because it prevented bacterial and fungal overgrowth
and decomposition Bl. Propolis has been used by humans in different fields, including mainly folk medicine for the
treatment of gastrointestinal diseases (i.e., stomach ulcers and buccal infections), wounds, and burns BIl¥. Hippocrates
used propolis to cure wounds and external and internal ulcers. Moreover, in the 17th century, British pharmacopoeias
listed propolis as an official drug . During World War 11, propolis was used as an antibacterial and anti-inflammatory
agent 4. This natural material was also used for other purposes as a constituent of violin varnish by famous Stradivari,
Amati, and others B, The use of propolis has therefore been developed over time. It reveals biological properties,
including antibacterial, fungicidal, antioxidant, immunomodulatory, and anti-inflammatory, among others [SIZILOIL1][12][13]
(141 Therefore, propolis is currently incorporated into a wide range of complementary health care products, including
creams, gels, skin lotions, shampoos, chewing gums, tinctures, throat sprays, cough syrups, lozenges, soaps, toothpaste,
and mouthwash preparations [13116]

| 2. Composition of Propolis

The chemical composition of propolis is diverse and depends on the geographical and botanical origin, i.e., climate
factors, plant resources, place of origin, and time in which it was collected by the bees BIL4, Honey bees collect plant
material for propolis production during the warmest hours of sunny days because of the malleability and softness of the
resins that are an essential component of propolis. Therefore, in temperate regions, propolis production takes place from
late summer until autumn, whereas in tropical regions, honey bees can collect plant material throughout the entire year [,
The specificity of the local flora is the main factor that determines the chemical composition of propolis and, subsequently,
its biological and pharmacological properties . Based on the origin of the propolis plant components, it has been
classified into seven major types: 1. poplar (Europe, China, New Zealand, North America, and Southern South America);



2. birch (Russia); 3. Mediterranean (Sicily, Greece, Crete, and Malta); 4. green (South-eastern Brazil); 5. red (Cuba,
North-eastern Brazil, and Southeast Mexico); 6. Clusia (Venezuela and Cuba); and 7. Pacific (Okinawa, Taiwan,
Indonesia, and Hawaii) €8], poplar types propolis originate mainly from the bud exudates of Populus spp. and mainly
contain flavonoids (flavones and flavanones), phenolic acids (cinnamic acid), and their esters. Birch propolis originates
from Betula verrucosa Ehrh. and also contains flavones and flavonols but is different from poplar propolis. In the
Mediterranean region, honey bees mainly collect the resin of Cupressus sempervirens, therefore, Mediterranean propolis
is rich in diterpenes. Green propolis contains derivatives of phenylpropanoides and diterpenes, chlorophyll and small
amounts of flavonoids collected by bees from young tissues and nonexpanded leaves of Baccharis dracunculifolia.
Contrary to green propolis, its red type is rich in numerous flavonoids (pinobanksin, quercetin, pinocembrin, daidzein), the
source of which are resins of Dalbergia ecastaphyllum. The Clusia type of propolis contains benzophenones derivatives
and originates from the resin of flowers of Clusia sp. Other examples of tropical propolis is Pacific propolis characterized
by content of C-prenylflavanones BR8] The chemical composition and biological activities of propolis extracts depend
on the type of solvent used for the extraction. The most commonly used solvent for the extraction of propolis is ethanol
(particularly at a concentration of 70-75%) 181201 propolis extracts are also obtained by extraction with solvents such as
water, ethyl ether, methanol, hexane, chloroform, glycolic and glyceric solution, and seed oil 1821 |n fact, in
pharmaceutical and health care products, propolis is added in the form of ethanolic and aqueous extracts 1. The
available methods of analyzing the chemical composition of propolis and plant materials included in propolis as well as
standardization and quality control methods for industrial applications have been described by Bankova and colleagues
22 |n general, propolis is composed of 50-60% of resins and balms, 30-40% of waxes and fatty acids, 5-10% of
essential and aromatic oils, 5-10% of pollen, and about 5% of other substances, such as amino acids, vitamins, macro-,
and microelements BEI8I8I23] According to the literature data, more than 300 compounds have been identified in propolis
samples of different geographical origins L2I[8120(23] The major chemical groups found in propolis are flavonoids,
aliphatic and aromatic acids, phenolic esters, fatty acids, alcohols, terpenes, B-steroids, alkaloids that include, but are not
limited to chrysin, pinocembrin, apigenin, galangin, kaempferol, quercetin, cinnamic acid, o-coumaric acid, p-coumaric
acid, caffeic acid (CA), and caffeic acid phenylethyl ester (CAPE) BIBILSI24]  Flayonoids are the main substances
responsible for the pharmacological properties of propolis, while terpenoids are additionally responsible for the odor of
propolis Bl The biological activities of propolis are the results of the interaction between various compounds. Analysis of
the activity of each compound alone allows exploration of the molecular mechanisms underlying the pharmacological
properties of propolis (23], Table 1 summarizes the results of recent in vitro and in vivo studies on the influence of propolis
and its active compounds on the processes related to cancer development.

Table 1. Propolis compounds with anticancer activity (in vitro and in vivo models).
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