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Abstract

Introduction: Bee products have been used by man for centuries. However, their therapeutic
options are not fully understood.

Aim of the study: To review research on the possibilities of using the medicinal properties of
bee products.

Material and method: Standard criteria were used to review literature data. Search for
articles in the PubMed database was carried out using the following keywords: apitherapy,
honey, bee venom, propolis, royal jelly, bee pollen.

Description: Apitherapy is a healing method known to mankind since the oldest times. Due
to the diverse composition, substances produced by bees show a number of activities, which
include Antioxidant, immunomodulatory, antibacterial and anticancer effect. Thanks to
numerous mechanisms, they have a beneficial effect on wound healing, cardiovascular
diseases and metabolic disorders.

Summary: Numerous properties and a wide range of activity of each bee product brings the
possibility of using them in the therapy of many diseases.

Keywords: bee venom; propolis; royal jelly

1. INTRODUCTION

From the beginning, people have been using the goods that nature gives them. For
centuries, we have developed, as a species, the skill of breeding animals and benefiting from
the care of them. One of the species whose breeding we managed to master is the honey bee
(Apis mellifera). In a form similar to the current one, bees appeared on the earth about 100
million years ago. The area of their occurrence covers all continents except Antarctica.
Because of this, the lives of humans and bees have been inseparably connected. In the opinion
of many people, the quote, "when bees disappear from the face of the earth, then man will
have no more than four years to live,” Albert Einstein was to say, but there is no clear
evidence. However it is true, that if the honey bee were to die out, humanity would most
likely be annihilated. 78% of plant species in a moderate climate zone are pollinated by a
honey bee, which contributes to creation of about 1/3 of the food produced. The global
population of bees is between 80 and 100 million breeding hives, of which each contains
between 10,000 and 60,000 individuals. However, it is increasingly emphasized that their
population is decreasing [1, 2]. The number of threats to honey bee is increasing all over the
world, which is becoming more and more susceptible to diseases and pathogens [1]. Bees are
thought to be threatened by: bacteria, viruses, parasites, pesticides used in agriculture,
environmental changes, or genetically modified organisms (GMOs), although sufficient
evidence has not yet been found [2]. Also, increasing environmental pollution contributes to
the extinction of bee families, which in the future will translate into low yields [1].

Bee products, which include honey, bee glue (called propolis), bee pollen, royal jelly
and bee venom have been used by man for centuries not only as food products - honey, royal
jelly, but also as natural medical substances [3].

Apitherapy - this is the therapeutic use of bee products is a branch of alternative
medicine, folk medicine, which uses their natural healing qualities. It originates in the areas of
present-day Russia or ancient China [4]. However, its foundations can already be found in
ancient Egypt or Greece, where bee products were used as cosmetics and preparations to
facilitate wound healing [3, 5]. It should be emphasized that the use of honey or royal jelly
will not cure a patient with e.g. diabetes, but the substances they contain are anti-diabetic and
their consumption may contribute to improving the glycemic profile. The medical use of
honey included treatment of wounds, insect bites, burns, skin diseases and ulcers. Scientific
research confirms its ability to heal wounds and effectiveness as a material with antibacterial
properties [6]. Propolis, otherwise bee putty, is a product of proven medical value. Its
ingredients support the treatment of cardiovascular, allergic and rheumatic diseases and are
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also used to treat furunculus and pressure sores. [7]. Royal jelly and its contained substances
inhibit the growth of bacteria, including bacteria responsible for severe nosocomial infections,
such as P. aeruginosa and MRSA [8]. In addition to antibacterial properties, substances
contained in royal jelly have a beneficial metabolic effect on the human body through their
anti-diabetic, cholesterol-lowering, and antioxidant effects, which supports the cardiovascular
system and contributes to reducing cardiovascular risk [9]. In natural medicine, bee venom
has been attributed properties that reduce the severity of rheumatoid arthritis symptoms. This
theory is confirmed by today's scientific research [10]. On the other hand, bee pollen are a
valuable dietary supplement with proven biological properties such as antioxidant,
antibacterial, antifungal, anti-inflammatory and hepatoprotective effects [11]. Further detailed
considerations on the composition and properties of individual bee products will be made in
the following chapters of this article.

2. HONEY

Honey is one of the products produced by bees and obtained by man for hundreds of
years. For centuries it has been used as a sweetener and because of its medical qualities it has
been used as a medicinal product. This is one of the products next to royal jelly and propolis,
classified as functional foods, i.e. foods that have a beneficial effect on the physiological and
psychological condition of the body [12]. The composition of honey varies and depends on
many factors such as: vegetation from which nectar or honeydew is obtained, pollen source,
geographical region, climate, as well as atmospheric conditions, processing and storage
method [13]. It consists of many different substances, the largest of which are sugars. In
addition, it is rich in compounds that affect its properties including water, proteins (enzymes -
glucose oxidase and catalase), organic acids (aspartic, butyric, citric, acetic, formic, fumaric,
galacturonic, gluconic, glutamic, glutaric, glyoxylic acid), vitamins (especially vitamin B6,
thiamine, niacin, riboflavin and pantothenic acid), minerals (including calcium, copper, iron,
magnesium, manganese, phosphorus, potassium, sodium and zinc), phenolic acids and
flavonoids, carotenoids, a-tocopherol and ascorbic acid with antioxidant properties [14-17].

The main sugars in honey are fructose (38%) and glucose (31%) [18]. In addition to
them, we can also find sucrose, maltose, turanose, isomaltose, maltulose, trehalose, nigerose,
cojibiosis, maltotriose and melezitosis [20]. Their presence in honey determines its energy
value, granulation, hygroscopicity and viscosity, are also responsible for the crystallization of
honey [19]. During storage, the percentage composition of sugars can change while having
the effect of changing the color and taste of honey.

Honey made from nectar is rich in phenolic, which include: p-coumaric acid,
eugenol, ferulic acid, caffeic acid and flavonoids, such as pinobanksin, pinocembrin, chrysin,
quercetin, apigenin, naringin [21]. Their percentage content in honey varies depending on the
species of plant from which nectar is obtained. These are compounds that have antioxidant
effects, acting by eliminating free radicals and inhibiting lipid oxidation [22]. Their ability to
have anti-inflammatory, antibacterial, antiviral and cardioprotective effects has also been
described [23-27]. Anti-inflammatory potential consists in inhibiting the enzyme
cyclooxygenase, which is most strongly associated with the inflammatory process. Flavonoids
also affect lipoxygenase by inhibiting it, as well as an inhibitor of the release of arachidonic
acid, which is necessary in the inflammatory process [28, 29]. Quercetin and routine - these
are substances with anti-viral activity against HSV, syncytial virus, polio and Sindbis virus.
This mechanism is based on the inhibition of viral polymerase and the binding of nucleic
acids or capsid protein [30].

The honey's antibacterial properties are the result of the complexity of its
composition and its specific physical and physicochemical properties, which include: high
osmotic pressure due to the presence of sugars, which limits the growth and multiplication of
bacteria andconsequently, the possibility of biofilm formation [31]. Also, lysozyme contained
in honey has an antibacterial effect increased by joint action with ascorbic acid and hydrogen
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peroxide [32, 33]. Honey is also characterized by other factors such as: low protein content,
high carbon to nitrogen ratio, low redox potential, high viscosity limiting oxygen solubility,
which prevents bacterial growth [34]. The antibacterial activity of phenolic compounds is also
mentioned. This mechanism is to be based on inhibition of bacterial RNA polymerase or
degradation of the bacterial cytoplasmic membrane leading to loss of K + ions and as a
consequence cell autolysis [35, 36]. Antibacterial activity is also based on antioxidant activity
caused by methylglyoxal and hydrogen peroxide present in honey [37, 38]. In addition, it is
used in the treatment of skin wounds and damage to cause leukocyte influx to damaged
tissues, fibroblast stimulation and angiogenesis [39, 40]. Another advantage of antimicrobial
action is the low honey pH causing unfavorable conditions for bacterial growth, which
promotes the healing process [41]. Defensins found in honey disrupt the integrity of the
bacterial cell membrane, thereby increasing its permeability, and thus susceptibility to damage
[42].

Recent studies have also shown an anti-cancer effect of honey, which causes
apoptosis in many types of cancer cells through, among others mitochondrial membrane
depolarization [43, 44]. Honey increases caspase 3 activation and cleavage of poly (ADP-
ribose) polymerase (PARP) in human colon cancer cell lines, which is to be responsible for
the high phenol content [45]. A significant influence of honey on the prevention of initiation
and promotion of the cancer process has been suggested [46]. It is suspected that the
compounds contained in it may cause cell cycle arrest, tonization of oxidative stress and
immunomodulation. Honey, by stimulating the immune system, triggered by the activation of
macrophages, B and T lymphocytes and strong antiproliferative activity, in which apoptotic
pathways dependent on caspase 9 are involved, can have beneficial effects such as inhibition
of tumor cell proliferation, reduction of tumor size, improvement of survival, as well as
alleviating the side effects of chemotherapy, which was demonstrated in a study in mice [47].
In addition, researchers report that honey prevents cell proliferation, induces apoptosis,
modifies the cell cycle in several types of cancer: cervical cancer cells, endometrial cancer,
liver cancer, kidney cancer, colorectal cancer and prostate cancer and melanoma [48].

Antioxidants present in honey, such as flavonoids, polyphenols, and vitamin C can
lead to reduced risk of cardiovascular disease. The protective effect of flavonoids is due to
their anticoagulant, vasodilating and antioxidant effects [49]. There is also scientific evidence
for the antidiabetic effect of honey [50]. Its beneficial effect in diabetes may be manifested by
improving the profile of metabolic disorders associated with diabetes, such as elevated levels
of liver transaminases, triglycerides and HbAlc, as well as reduced levels of HDL cholesterol
[51, 52]. A study in rats showed that the co-administration of antidiabetic drugs (metformin
and glibenclamide) and honey lowers glucose to a greater extent than the use of the drugs
alone and long-term administration of honey improves glycemia, lipid profile and prevents
obesity occurring in patients [53].

Honey is also a substance known for centuries for use in gastrointestinal disorders.
The Roman doctor Celsus was already using honey as a medicine for diarrhea. Sources from
Eastern Europe and from Arab countries say that it was used to treat and prevent
gastrointestinal ailments such as peptic ulcers, gastroenteritis. Phenolic compounds found in
honey are also attributed to anti-ulcer activity, but the mechanism of this action remains
unresolved. It is suspected that these substances increase the amount of antioxidant
prostaglandins and also protects the stomach. There are reports of the inhibitory effect of
honey on the development of H. pyroli, the main causative agent of stomach ulcers [54].

3. BEE VENOM

Bee venom also called apitoxin is produced in bee venom glands serving as a
defensive element. Its properties have been known to humanity since ancient times. Venom
production begins after two or three days of adult bee life and with age decreases. It is a
transparent liquid that can also turn yellow, odorless, but has a sharp, bitter taste. This is a
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water-soluble substance, while it is insoluble in alcohol and ammonium sulfate. The venom's
pH ranges 4.5-5.5 and its specific weight is 1.13. It dries quickly in contact with air, forming a
yellow-brown powder [55, 56].

From all the substances in venom, the largest percentage is water, the amount of
which is 88%. In addition to water, its main components are peptides such as melittin,
apamin, mast cell deregulating (MCD) peptide, promelittinoraz the enzymes hyaluronidase
and phospholipase A2. Other substances included in apitoxin are low-molecular compounds
such as histamine, sinkaline, glycerol, noradrenaline, amino acids, carbohydrates,
phospholipids, physiologically active amines and volatile compounds. All of the above-
mentioned substances are responsible for the properties and activity of apitoxin. The diversity
of these compounds means that bee venom has the largest range of biological activities among
all bee products [56, 57]. One of the main peptides (52% of all apitoxin peptides) contained in
bee venom is melitin, which has numerous potential therapeutic properties and relatively low
toxicity. It has a strong anti-inflammatory effect by inhibiting phospholipase enzymatic
activity and increases cortisol production in the body by stimulating the pituitary gland to
produce ACTH [58]. The possibility of its use is also seen in the therapy of HIV infection - it
destroys the infectivity of the virus particle. However, its use is limited because of its toxic
effect on cell membranes. This problem was solved by using nanoparticles that react only
with virus components [59]. Melitin also has antioxidant potential by inhibiting the
production of hydrogen peroxide by neutrophils. Along with other substances contained in
bee venom, it is antibacterial, particularly strong against Gram-positive bacteria [60, 61].

Research on the mechanism and inhibitory effects of bee venom and melitin on
melanoma cells by Lim et al. showed that these substances strongly inhibited the proliferation,
migration, invasion of cancer cells and melanin production, as well as increased the activity of
the apoptotic pathway dependent on caspases 3 and 9, showing role of melitin as a potential
compound used in the treatment of melanoma [62].

Bee venom has long been used as a natural remedy for rheumatoid arthritis. Its
healing effect has been quite well understood - components of bee venom inhibit the chronic
inflammatory response which rheumatoid arthritis based on. Venom components, among
others adolapin are inhibitors of pro-inflammatory substances such as: Tumor Necrosis Factor
TNF-2, Prostaglandin E2 PGE-2, enzymes like Cyclooxygenase-2 COX-2 and many other
cytokines. In a study by Kocyigit et al. it was shown that administration of honey bee venom
to rats suffering from rheumatoid arthritis causes an increase in IFN-y and a decrease in the
level of proinflammatory factors, thus causing a therapeutic effect [63].

Among the peptides included in bee venom we can also find apamine, which blocks
K + channels activated by Ca2 + ions. Apamine has a neuroprotective effect, which may have
a positive impact on the functioning of the nervous system in Parkinson's disease [64]. In
addition, calcium-induced blockade of potassium channels induced by apamine may result in
neuronal stimulation, enhance synaptic plasticity and induce long-term potential of the
hippocampal area, which may be used in the treatment of Alzheimer's disease [65]. In studies
conducted on mice suffering from experimental autoimmune encephalomyelitis EAE, which
is the model most similar to human myelodegenerative diseases such as multiple sclerosis
MS, administration of bee venom had a beneficial effect stimulating the immune system. Both
in vitro and in vivo studies in EAE mice have increased the population of CD4 (+), CD25 (+),
Foxp3 (+) T cells, which may result in a reduction of the inflammatory response and make
bee venom a potential agent therapeutic [66].

Other uses of apitoxin include skin diseases such as psoriasis, dermatitis, boils, and
eye diseases - iritis or optic neuritis. In the treatment of skin diseases, bee venom is used as
ointments and creams, while in ophthalmology it is a component of drops. Bee venom is also
used as subcutaneous injections [67].
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4. PROPOLIS

Propolis is a non-toxic, resinous substance produced by bees from their plant
secretions. It consists of resin constituting about 50%, wax (30%), essential oils (10%), pollen
(5%) and other organic compounds (5%). The collected resin can come from many species of
different plants, it is mixed with saliva and transformed by the bee enzymes it contains to
form an adhesive-like substance. By bees, it is used to seal hives, fill cracks, and also helps
maintain the temperature in the hive. Due to their properties, bees also use it as an antiseptic,
protecting them against microbial diseases. The chemical composition of propolis depends on
the geographical region and the time of its collection, therefore the amount and type of
compounds contained in it may be subject to high variability. Over 300 substances included in
its composition have been identified. Among the basic elements we distinguish phenolic
compounds, esters, about 12 different flavonoids, terpenes, beta-steroids, aromatic aldehydes,
alcohols and ketones. In addition, we can also find vitamins B1, B2, B6, C and E and minerals
(Mg, Ca, K, Na, Cu, Zn, Mn, Fe, Ni, Co, V) in it. Additionally, it contains several enzymes -
amber dehydrogenase, glucose-6-phosphatase and acid phosphatases [68, 69, 70].

Due to such a diverse composition, propolis is assigned numerous properties. Krol et
al. demonstrated its antioxidant activity, for which mainly are responsible flavonoids, capable
of scavenging free radicals. In this way, it prevents the development of cardiovascular
diseases, diabetes, cancer and neurodegenerative diseases, including Parkinson's disease and
Alzheimer's disease. In addition, they are capable of inhibiting certain enzymes and causing
actions that resemble the activity of some hormones and neurotransmitters. It has also been
found that some flavonoids contained in propolis, such as pinocembrin, have beneficial
effects in improving cognitive impairment resulting from hypoperfusion brain damage [71,
72].

Mirzoeva and Calder in a study on mice showed that flavonoids contained in propolis
also have anti-inflammatory effects resulting from a decrease in the production of
leukotrienes and prostaglandins caused by inhibition of cyclooxygenases and lipoxygenase.
This effect is also enhanced by reducing the activity of myeloperoxidase, ornithine
decarboxylase, protein tyrosine kinase and NADPH-oxidase. Propolis also delays the
expression of the induced nitric oxide synthase gene and blocks TNF-a release. It is also of
great importance in the process of wound healing, in which, in addition to its anti-
inflammatory and antibacterial activity, also uses the antioxidant effect that increases the
amount of collagen produced. The presence of many vitamins, minerals and flavonoids in
propolis also has a beneficial effect on wound healing, by accelerating some enzymatic
reactions, cell metabolism and improving blood circulation [73-75].

Propolis also has an antibacterial effect. Grange and Davey have shown its activity
against S. aureus, S. epidermidis, Enterococcus spp. Corynebacterium spp. B. catarrahlis and
B. cereus. Koo et al. Also found its inhibitory activity against S. mutans, S. sanguis and A.
naeslundaii [76]. It causes an inhibitory effect on bacterial cell division, protein synthesis, and
destroys the bacterial wall and cytoplasm, thereby causing bacterial death [77]. A study by
Sforcin also showed anti-fungal activity of propolis. Pinocembrin has been found to inhibit
the development of mycelium and disrupt the metabolism and function of membranes, thus
causing developmental disorders in the fungus Penicillium italicum [78]. In addition,
researchers have also proved the antifungal effectiveness of propolis in contact with yeast,
fungi of the genus Trichophyton and Fusarium and other fungi causing skin infections [79].

Propolis components such as caffeic acid ethyl ester also have anti-cancer effects. A
study by Salomao et al. showed the ability of propolis to inhibit the synthesis of cancer cell
DNA, activate apoptosis and regulate leukocyte function. Researchers also proved that by
inhibiting matrix metalloproteinases and inhibiting angiogenesis, propolis is able to inhibit
tumor growth and its transmission between body tissues. Flavonoids found in propolis also
have anti-tumor activity, which are able to inhibit the division of cancer cells. According to
Martinotti and Ranzato, they have an effect on inhibiting the development of breast cancer,
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lung cancer, oral cancer as well as cancer of the esophagus, stomach, colon, prostate and skin
cancer. Due to the selective toxicity to cancer cells and the low toxicity of propolis to normal
cells of the body, Chinese researchers point to its potential role in the treatment of breast
cancer [80,81].

5. ROYAL JELLY (RJ)

Royal jelly is a yellowish-white, creamy liquid with a sour taste secreted by the
glands of worker bees, used to feed larvae and the queen mother. It consists of numerous
organic and inorganic substances with known medical properties. Among these substances we
find proteins, lipids, sugars, free amino acids, vitamins such as riboflavin, thiamin, niacin,
folic acid, biotin and pyridoxine, smaller amounts of vitamins C, D, A and E as well as
elements calcium, sodium, potassium, copper, iron , zinc and manganese. Royal jelly is a
cosmetic known to people for centuries. It stops the skin aging process thanks to its
strengthening, regenerating and rejuvenating properties. Numerous studies have been carried
out to assess the biological properties [82].

One of the main activities that royal jelly has is antibacterial activity. The first
research on this issue appeared as early as in the 1940s McCleskey and Melampy. Among the
substances that make up royal jelly, several have been identified that showed such properties.
These are: royalactin, royalisina, 10-hydroxy-2-decenoic acid (10H-2DEA), Trans-2-decenoic
acid (2DEA), royal jelly peptides (RIJPS), 24-methylenecholesterol (24MET). Its antibacterial
potential has been the subject of numerous scientific studies. Fujiwara et al. studied pure RJ
and isolated and purified royalisin. At that time, extensive royalisin activity against Gram-
positive bacteria with negligible activity against Gram-negative bacteria was demonstrated.
However, in relation to whole royal jelly, sensitivity to its effects was revealed, both for
Gram-positive and Gram-negative bacteria. This difference was due to the presence of other
active substances in full RJ, such as 10-hydroxy-2-decenoic acid, which inhibits, among
others: Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus MS,
Staphylococcus aureus MR, Escherichia coli [8]. Another of the substances contained in RJ -
royalactin in in vitro studies is active against numerous Gram-positive and Gram-negative
bacteria and additionally two independent research teams have shown its antifungal activity.
The antifungal activity of royal jelly components includes such species of pathogenic fungi as
Aspergillus fumigants, Aspergillus niger, Candida albicans, and Syncephalastrum racemosum
[83].

A study in rats treated with cisplatin showed that ingested RJ increases the individual
body's natural enzyme-reducing, i.e. superoxide dismutase, catalase and glutathione
peroxidase. Watanabe et al., demonstrated in their research the ability of royal jelly to capture
free radicals such as superoxide and hydroxyl radicals [85]. The authors of these studies see
the possibility of using RJ and its components in preventing the undesirable effects of anti-
cancer treatment through protective effects on organs such as kidneys and liver, as well as a
positive effect on protective enzymes produced there, glutathione reductase, glutathione
peroxidase, superoxide dismutase and reduction of genotoxic production malonic aldehyde
[86].

There have also been reports of anti-cancer effects of royal jelly ingredients shown in
a mouse and human study [87, 88]. Researchers show the inhibitory effect of RJ on the
proliferation of human breast cancer cells induced by bisphenol A and vascular endothelial
growth factor (VEGF) as one of the proangiogenic proteins - an inducer of cancer
neovascularization [89].

There is also scientific evidence for the anti-diabetic effects of royal jelly. It has been
shown that 8 weeks of 1g RJ administration to patients with type 2 diabetes reduces fasting
glucose and increases serum insulin. A similar effect was observed in healthy volunteers [90,
91].
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A lot of other activities are attributed to royal jelly. In their works, Fujii et al. point to
its anti-inflammatory and immunomodulatory effects. The body's lipid-lowering properties
have also been studied. They have proven the effect of reducing cholesterol and total lipid
levels in blood serum in patients with atherosclerosis. In addition, RJ may act as a cholesterol-
lowering agent and thus reduce the risk of cardiovascular disease. Research carried out by
Tokunage also shows the hypotensive activity of substances contained in royal jelly [92].

6. BEE POLLEN

Bee pollen is another product of bees and available on the market as a natural
supplement with valuable medicinal properties. For example, bee pollen is a product widely
used and recommended in many disease states in clinical management in the People's
Republic of China, while in Germany it is officially recognized as a medicine [93]. Bee pollen
is produced as a result of lactic fermentation of pollen collected by bees, which is then mixed
with salivary gland secretion and nectar or honey, tightly stuffed in the cells of the patch to
ferment there without air at around 30 degrees Celsius, which protects it from deterioration
[94]. Among the substances forming it we find: proteins and amino acids (10-40%);
carbohydrates (13-55%) mainly are fructose and glucose; fats (1-20%) such as saturated and
unsaturated fatty acids, phospholipids, phytosterols; polyphenols constituting about 1.6% of
flavonoids, leukotrienes, catechins and phenolic acids; vitamins: C, A, E, B1, B2, B6,
nicotinic acid, pantothenic acid, folic acid, biotin, routine; micro- and macroelements: K, Mg,
Ca, Na, Cu, Zn, Cr, Mn, Mo, Kb, Si, Se, Fe; oleanic acid, b-ursolic acid, betulin [94]. As a
bioactive substance, bee pollen is attributed to a number of therapeutic activities:
antibacterial, antiviral, antifungal, anti-inflammatory, immunostimulatory, hepatoprotective,
anti-cancer, it is also supposed to act as an antioxidant [11].

The antioxidant potential of bee pollen results from the substances it contains -
carotenoids, flavonoids, vitamins A and E. Flavonoids such as quercetin, caffeic acid, caffeic
acid phenethyl ester (CAPE), rutin, pinocembrin, apigenin, chrysin, galangin, kaempferol and
isorhamnetin contained in bee pollen are able to remove free radicals, reactive oxygen
species, and inactivation of electrophiles, thus protecting against their mutagenic effects [95].
Flavonoids also have anti-inflammatory properties, inhibiting the metabolism of arachidonic
acid and additionally have a positive effect on the cells of the immune system: macrophages,
NK, T, B lymphocytes, and granulocytes, which are the body's natural defenses [96].
Fatrcova-Sramkova et al. conducted a study in which it showed that an ethanolic extract of
pollen collected from specific flower species showed antibacterial activity against
Staphylococcus aureus, Bacillus subtilis, Klebsiella sp. and Pseudomonas aeruginosa [97].
Another of the biological activities is the hepatoprotective effect that has been shown in
animal studies. Pollen extract reduced the activity of enzymes such as alanine, aspartate
transaminase, acid phosphatase and bilirubin pathologically elevated as a result of poisoning
with organic substances or drugs [11]. Pollen is recommended in acute and chronic liver
inflammation, in liver diseases as well as in its toxic and traumatic injury [97].

In addition, a number of other bee pollen properties were detected. The total lipid
and triacylglycerol lowering effect was demonstrated in a study in rats and rabbits and in
addition the level of hormones responsible for the body's metabolism correlated with the
decrease in lipid concentration [11]. Bee pollen used in patients with hyperlipidemia and
atherosclerosis of arteries not responding to fenofibratum, reduced lipid and cholesterol levels
by 20 to 30 percent [96]. The presence of unsaturated fatty acids, phospholipids and
phytosterols means that bee pollen also has hypoglycemic properties, as well as reducing the
aggregation ability of platelets and increasing fibrinolytic activity. Adding these actions are
antiatherogenic and preventive in relation to heart disease and stroke. Recent studies also
point to the antiallergic effect of bee pollen, it protects mast cells against degranulation by
preventing the release of histamine one of the main substances responsible for allergic
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reactions. Histamine release by anti-IgE antibodies contained in the serum, was inhibited by
bee pollen up to 62%.

7. CONCLUSIONS

This review provides information indicating a wide range of therapeutic properties of
bee products. Numerous substances found in products coming from the hive, through various
mechanisms, have a beneficial effect on the human body. This suggests their possible use in
many medical specialties.

A significant role is attributed to honey and its ingredients, which when taken by
man exert many desirable effects, strengthening his health and preventing the occurrence of
many diseases. An important substance produced by bees is also venom, which, despite its
toxic effects, also has a positive effect on the functioning of the body, which can inhibit the
development of joint diseases. Propolis, royal jelly and bee pollen can also be used in
medicine due to their properties. However, more research is needed on the composition of bee
products, because the mechanism of their action has not yet been fully understood.
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