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Abstract

In many terrestrial ecosystems, the Apis mellifera species played an essential role, being one of the most beneficial
insects worldwide. Bee venom (BV) has the role of protecting the bee colony from predators. Among the
pharmacological activities of BV are: antibacterial, anti-inflammatory, anticancer, antimutagenic, radioprotective and
even antiviral activity. The manifestation of the therapeutic potential is due to the bioactive compounds of BV, the
main ones being melittin, phospholipase A, and apamin, but hyaluronidase, mast cell degranulation peptide and secapin

are also relevant for bioactivity.

The purpose of this paper is to highlight the biotechnological potential, but also the applicability in the medical field

as alternative methods to the use of antibiotics.
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1. Introduction

In the bee colony there are many rich reserves of
honey, pollen and brood which are targets for a
large number of predators. The evolution of insects
was due to the use of defense mechanisms against
predators. In the bee family, thanks to the high
temperature, its constant maintenance and the
presence of humidity, the incubation of
microorganisms (bacteria, viruses, protozoa and
fungi), which most often represent diseases for
bees, is facilitated. Due to this consequence,
physiological and behavioral adaptations have
arisen to counter the increased risks of epidemic
diseases [1].

Kuhn-Nentwig (2003) [2] believes that the venom
of honey bees (BV) as well as of other hymenoptera
is an important source of antimicrobial substances.
One method of protection against pathogens is the
application of venom to the body surface of bees

[3].
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BV, also known as apitoxin, is produced in the two
abdominal glands (venom gland and dufour gland)
of worker bees [4]. The recognition and use of bee
venom dates back thousands of years, appearing
even in some religious books such as the Bible and
the Koran [5]. At the age of 15-20 days, the
maximum amount of venom is recorded,
approximately 0.30 mg, being influenced by the
abundance of food and the breed of bees [6, 7]. As
the worker bee ages, the amount of venom
decreases. In the case of the queen, the amount of
venom is high from the first day to be able to
immediately fight with other queens [4]. In contact
with air, BV crystallizes and has a white-gray color.
Apitoxin has a strong irritating effect, therefore
during handling it is necessary to use and respect
protective measures [6]. Due to the small size of the
bee, extracting a substantial amount of venom is
difficult and, to collect it, the bee has to sting, so
for this purpose the venom collectors are used [6,
8].
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2. Chemical composition of bee venom

Most insect venoms are composed of peptides,
enzymes, proteins and other components. BV has a
complex structure comprising peptides, amino
acids, proteins, enzymes, biogenic amines, volatile
compounds, sugars, phospholipids and
pheromones [8]. Structurally, BV is 88% water and
12% other components (Table 1) [9, 10]. The range

in which the Ph of bee venom is located is 4.5-5.5
[6].

The results of research undertaken by Bousquet et
al. (1979) [11], using the Api-Zym system,
identified 55 enzymes present in BV, venom sac,
sac-free body extract and commercial whole-body
extracts. The components that represent a greater
share in the dry weight of BV are melittin 50-60%
and PLA2 (phospholipase Az) 10-12% [8, 10].

Table 1. Processing according to various authors of the major compounds of bee venom

No. | Compounds | Proportion % | Biological action | Authors
Peptides
Antiviral;  Anti-inflammatory; Marques Pereira et al., 2020 [12];
Antifungal; Antibacterial; Anti- Mohamed et al., 2019 [13]; Yalcin et
atherosclerotic; Pro-apoptotic; al., 2009 [14]; Lim et al., 2019
Analgesic; Anti-fibrotic; Anti- [15]; Jeong etal., 2015 [16]; Kim etal.,
diabetic; Anti-nociceptive; 2011 [17]; Memariani et al., 2020 [18];
1. Melittin and isoforms 50-60 Antiangiogenic; Wound Kongetal., 2016 [19]; Lee et al., 2011
healing; Haemolysis; Anti- [20]; Choi et al., 2019 [21]; Li et al.,
apoptotic; Anti-arthritis; Anti- 2020 [22]; Khulan et al., 2016 [23];
cancer; Anti-secretory; Anti- Hincha et al., 1996 [24]; Shin et al.,
arrhythmic 2013 [25]; Park et al.,, 2010 [26];
Sciani etal., 2010 [27]; Tosteson et al.,
1987 [28]; Schroder et al., 1971 [29].
2. Apamin 1-3 Antibacterial; Antifungal; Anti- OrSoli’c, 2012 [30]; Kim et al., 2012
inflammatory; Anti- [31]; Kim et al., 2017 [32]; Shin et al.,
atherosclerotic; Anti-cancer; 2017 [33]; Lee et al., 2020 [34];
Anti-fibrotic; Neuroprotection Mohammadi-Rad et al., 2019 [35]
3. MCD (mast cell- 1-3 Anti-allergic; Anti-inflammatory ~ Buku et al., 2001 [36]; Banks et al.,
degranulation peptide) 1990 [37]; Klaudiny, 2007 [38]
4. Secapin 0.5-2 Antibacterial; Antifungal; Anti- Lee et al., 2016 [39]; Schrider et al.,
fibrinolytic; Anti-elastolytic 1971 [29].
5. Adolapin 0.1-1 Anti-inflammatory; Anti- Shkenderov et al., 1982 [40]; Wehbe et
nociceptive; Antipyretic al., 2019 [41].
Enzyme
6. PLA2 (Phospholipase 10-12 Antiviral; Inflammatory; Leandro et al., 2015 [42]; Landucci et
Az) Nociceptive; Antibacterial; al., 2000 [43]; Ho et al., 2010 [44];
Neuroprotective;  Antigenicity; Dacheux et al., 2019 [45]; Corthésy et
Allergenicity; Neuronal al., 2016 [46]; Duchez etal., 2019 [47];
activation; Nerve regeneration; Kimetal., 2019 [48]; Ham et al., 2019
Anti-cancer; Antiparasitic; Anti- [49]; Shipolini et al., 1974 [50];
arthritis Kuchler et al., 1989 [51]
7. Hyaluronidase 1.5-2 Allergenicity; Spreading factor by Markovi“c-Housley et al., 2000 [52];

hyaluronic acid activation

Csoka et al., 2001 [53]; Gmachl et al.,
1993 [54].

The minor compounds of bee venom are
dopamine (0.1-1%); acid phosphatase (1%);
histamine (0.5-2%); a-glucosidase (0.6%); P, Ca,
Mg (3-4%); cardiopep (0.7); minimin (2-3%);
pamines (2%); secapin (0.5-2%); phospholipids
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(1-3%); glucose, fructose (2-4%) and complex
ethers (4-8%) [55, 56, 57, 58, 59].

1. Peptides
Melittin (Api m4) has the chemical formula
C131H229N39031 and has a hydrophobic N-
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terminus and a hydrophilic C-terminus [8, 60]
being a polypeptide containing 26 amino acids.
The biological properties of melittin have been
studied due to the high degree of participation in
the BV composition. Melittin's anti-inflammatory
activity is produced by blocking toll-like
receptors (TLRs) 2 and 4, cluster of
differentiation 14 (CD14) and platelet-derived
growth factor receptor beta. Furthermore, melittin
has an inhibitory effect on the essential modulator
of nuclear factor kappa-B (NF-kB). In the
extracellular environment or in the blood vessels,
all these pathways end up releasing pro-
inflammatory molecules such as inflammatory
cytokines, tumor necrosis factors (TNF), nitric
oxide (NO) or prostaglandin E2 (PGE2).
Inflammatory effects on tissues are produced by
these molecules [8, 61].

The ability of melittin to conform pores in
biological membranes represents its non-specific
cytolytic activity. Anionic lipid membranes
attract melittin through its hydrophobic section
and positive charge [62]. The combination of a
large number of pores can destroy the
phospholipid bilayer producing cell lysis [63].
Interaction with cell membranes confers the
ability to perform some important biological
activities, among them antimicrobial, antifungal,
anticancer and hemolytic activity. In the case of
fighting infections produced by viruses, melittin
has the possibility of being an alternative
modality [8].

The results of the research undertaken by Hood et
al (2013) [64] revealed that melittin associated
with nanoparticles has the ability to inhibit the
infectivity of HIV-1 NLHX and HIV-1 NLYU2
viral strains and to deactivate the viral package.
Melittin can be a pre-treatment method by
stimulating type | interferon (I-IFN) and
inhibiting viral replication [65]. Uddin et al.
(2016) [65] noted that melittin reduced the
amount of virus required to produce cytopathic
effect in 50% of inoculated cells.

Melittin interacts with many types of cancer cells,
such as inhibiting the growth of ovarian cancer
cells [66]. Research by Shin et al. (2013) [67]
highlighted anti-angiogenic effects by decreasing
the expression of vascular endothelial growth
factor (VEGF). Cancer-related mortality is a
result of metastases [8].

Apamin is a peptide containing 18 amino acids
cross-linked by 2 disulfide bonds, with the

106

molecular formula C83H135N31026S4 [68].
Blood-brain  barrier  permeability is a
characteristic that gives apamin access to the CNS
(central nervous system) [69]. Apamin inhibits
cyclooxygenase-2 and decreases the levels of
TNF-a, Interleukin-1 (IL-1), IL-6 and NO,
conferring apamin its anti-inflammatory property
[70]. The results of research undertaken by Kim
et al. (2017) [71] showed that apamin is able to
suppress Th2-related chemokines and other pro-
inflammatory cytokines at the same time as
inhibiting the activation of NF-kB (inhibitory
effect of nuclear factor kappa-B) and STAT
pathways in human keratinocyte cell line.

MCD (mast cell degranulation peptide) or peptide
401 consists of 22 amino acids and has a structure
similar to apamin, having 2 bisulfide bridges [72].
MCD is responsible for inflammation, redness
and localized pain at the sting site by producing
mast cell degranulation and the simultaneous
release of histamine [73].

The unique immunological properties of MCD
are the release of histamine at concentrations less
than 0.1 mg/mL; at higher concentrations it acts
as an anti-inflammatory compound [74, 57]. May
act as a neurotoxin due to its ability to block
Ca2+-activate K+ channels leading to an increase
in neuronal excitability [57].

0.5-2% of the dry weight of BV is secapin, which
is composed of 25 aa residues and a bisulfide
bridge that occurs at the bond between amino
acids 9 and 20 [75, 76]. Peptide secapin-1 is
similar to serine protease inhibitor that has shown
antimicrobial, antifibrinolytic, antifungal and
antielastolytic activities [77]. The results of
research undertaken by Mourelle et al. (2014) [78]
highlighted the hyperalgesic and edematogenic
effects of secapin-2.

Adolapin is a basic polypeptide with 103 amino
acid residues, representing 0.1-1% of the dry
weight of bee venom [75]. Due to inhibition of
cyclooxygenase (COX), PLA2 and lipoxygenase,
adolapin is anti-inflammatory, anti-nociceptive
and antipyretic [79].

Tertiapin is a presynaptic peptide of 21 aa
residues with two bisulfide bridges that interacts
with rectifier potassium channels expressed in
epithelial, cardiac and central nervous system
cells by blocking them [80, 81]. In the amino acid
sequence, tertiapin has a methionine that triggers
chemical changes due to oxidation.
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In the composition of bee venom there are other
minor constituents such as minimin (2%),
procamine A, B (1-2%), pamine and melittin F, a
fragment of MLT in which the first seven residues
of the N-terminus are missing [82].

2. Enzymes

Phospholipase A2 (Api m1) consists of 134 amino
acids, having 5 disulfide bonds, representing 10-
12% of the dry weight of BV [83, 81].
Phospholipase A2 (PLA2) in nature has a great
diversity, appearing in 16 groups. Bee-derived
PLA2 (bPLA2) which is in group Il is calcium
dependent and has catalytic activity [84].
Research undertaken by Putz et al. (2007) [85]
emphasizes  membrane-rupturing  cytotoxic
activity against cancer cells. This cleavage gives
bPLA2 antimicrobial activity [86]. The
considered major allergen of bee venom is bPLA2
and is proposed as an alternative treatment for
neuroinflammatory diseases [87].

Hyaluronidase (Api m2) is composed of 350
amino acids with a disulfide bridge, having the
activity of implicitly degrading hyaluronic acid in
the extracellular matrix of various tissues,
allowing the penetration of venom components
into the bloodstream [52]. Because of this ability,
hyaluronidase has been given the common name
of spreading factor [8]. Hyaluronidase also has
other activities related to BV action, cell
membrane destruction, pore formation, mast cell
degranulation, dilation and increased
permeability of blood vessels [9, 81]. In BV, the
Api m2 enzyme is the second major allergen,
representing 1.5-2% of the dry weight, being able
to amplify the action of other toxins in the venom
[57].

Acid phosphatase (Api m3) is a potent allergen
and a glycoprotein with 4 glycosylation sites [9,
88]. Of the dry weight of BV, acid phosphatase
represents 1%, being a stronger stimulant of
histamine release from basophils in sensitized
humans [57].

Dipeptidyl peptidase IV (DPIV) also called Api
m5 represents <1% of the dry weight of bee
venom with a molecular weight of 102 kDa [89].
This proteolytic enzyme cleaves N-terminal
dipeptides from polypeptides with proline or
alanine in the penultimate position, which leads to
activation of BV components and promotes
hypersensitivity reactions [57, 81].
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Vitellogenin (Api m12) is a venom allergen,
found in greater quantity in the venom of queens,
which is involved in several processes such as
hormone signaling, feeding behavior, stress
resistance, immunity and longevity [81].

3. Biogenic amines

Histamine is the major component of the biogenic
amines, representing 0.5-2% of the dry weight of
the venom [7]. It causes pain, swelling and itching
by promoting capillary leakage [75].

Dopamine and noradrenaline are ionotropic
agents and have been shown to be protease
inhibitors, playing a role in hemostasis and acting
as an anti-inflammatory agent [90].

3. Biological activities

The antimicrobial activity is supported mainly by
melittin, which influences biological membranes,
but also by PLA 2, which has antimicrobial
properties [91]. In the cell membranes of bacteria,
damage can be done with vitellogenin [92]. The
studies carried out by Memariani et al. (2020) [18]
report the antifungal effects of Api m4, and the
studies undertaken by Marcos et al. (1995) [93],
Wachinger et al. (1992) [94] indicated the
antiviral activity of bee venom. Influenza A virus
(PR8), herpes simplex virus (HSV), respiratory
syncytial virus (RSV) and vesicular stomatitis
virus (VSV) reacted to melittin which showed
antiviral effects [65].

The antioxidant activity is supported by melittin,
apamin and PLAZ2 by inhibiting the process of
lipid peroxidation and increasing the activity of
superoxidase dismutase [95]. In mammalian cells
via the mechanism of direct cell shielding against
oxidative stress, vitellogenin provides cell
protection against reactive oxygen species [92].
The results of research undertaken by El-Hanoun
et al. (2020) [96] by injecting rabbits with venom
twice a week highlighted the antioxidant activity
of BV and highlighted the improvement of
reproductive performance due to the antioxidant
activity of sperm. In the case of rheumatoid
arthritis, the research carried out by Kocyigit et al.
(2019) [97] highlighted the antioxidant activity of
the venom, the results showing that there was no
difference between the group treated with low or
high doses of BV, the rats increasing their TAS
(total plasma antioxidant status) levels and
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decreased of TOS (total oxidant status) and OSI
(oxidative stress index). The study by Mohamed
et al. (2019) [13] in the case of induced gastric
ulceration in rats demonstrated the antioxidant
activity of BV.

The anti-inflammatory activity is supported by
melittin  which has been studied against
amyotrophic lateral sclerosis, liver inflammation,
arthritis, neuroinflammation and acne vulgaris
[98]. The most common inflammatory pathology
is rheumatoid arthritis, according to studies by
Otdn et al. (2019) [99], depending on the country,
the prevalence is between 0.2 — 0.9 %. The
concentration of monosodium urate crystals in the
intra-articular area leads to the appearance of
gouty arthritis [100].

Neuroprotective activity is supported by PLA2
and apamin, neuroinflammation of chronic
activation of microglia and glial cells leads to
neurodegenerative  disorders,  representative
diseases being Alzheimer's, Parkinson's and
amyotrophic lateral sclerosis [57]. The results of
the research undertaken by De Lau et al. (2004)
[101] showed that 3 out of 100 people over 65
years of age have Parkinson's disease. bPLAZ2 has
protective  effects against  inflammatory
conditions. Research by Kim et al. (2019) [48]
showed that bPLA2 by activating Treg cells
reduced inflammation and reduced levels of
dopaminergic cell loss, suggesting that PLA2 may
be a drug for dopaminergic cell survival.

4. Conclusions

Bee venom is a mixture of substances with
biologically active properties, used since ancient
times to treat various diseases. Melittin is the most
studied and most abundant component. The most
allergenic component of BV is considered PLA2
along with histamine. The minor components of
the venom still need to be further studied. Most
research focuses on immunomodulatory and anti-
inflammatory effects. It is important to continue
experiments both in vivo and in vitro to see and
understand the mechanism of action of bee
venom.
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