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ARTICLE INFO ABSTRACT
Artidf? history: Honey bee venom (BV) is a valuable product, and has a wide range of biological effects, and its use is
Received 10 June 2022 rapidly increasing in apitherapy. Therefore, the current study, we reviewed the existing knowledge about
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- ! BV composition and its numerous pharmacological properties for future research and use. Honey bee
Available online 15 November 2022

venom or apitoxin is produced in the venom gland in the honey bee abdomen. Adult bees use it as a pri-
mary colony defense mechanism. It is composed of many biologically active substances including pep-
tides, enzymes, amines, amino acids, phospholipids, minerals, carbohydrates as well as some volatile
Chemical composition component.s. MelitFin anq phospholipase A; are thfe.most Vimpo'rtant. components of BY. having apti—
Physical properties cancer, antimicrobial, anti-inflammatory, anti-arthritis, anti-nociceptive and other curative potentials.
Pharmacological properties Therefore, in medicine, BV has been used for centuries against different diseases like arthritis, rheuma-
Therapeutic potential tism, back pain, and various inflammatory infections. Nowadays, BV or its components separately, are
used for the treatment of various diseases in different countries as a natural medicine with limited side
effects. Consequently, scientists as well as several pharmaceutical companies are trying to get a new
understanding about BV, its substances and its activity for more effective use of this natural remedy in
modern medicine.
© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abbreviations
Abbreviation Definition Cyt C Cytochrome c
BV Bee venom TNBC Triple-negative Breast cancer
PLA, Phospholipase A, HER2 Human epidermal growth factor receptor 2
BVA Bee venom acupuncture PFC Perfluorocarbon
MCDP  Mast cell-degranulating peptide K14-HPV16 Human papillomavirus transgenic mice
IgE Immunoglobulin E Il sPLA; Secreted Phospholipase A,
NF-xB  Nuclear factor kappa B FHC Fetal human cells
DRs’ Death receptor 3 VEGF Vascular endothelial growth factor
ROS Reactive oxygen species VEGFR-2 Vascular endothelial growth factor receptor 2
AIF Apoptosis-induced factors HCT116 cells Human colorectal carcinoma cell line
EndoG Endonuclease G PGE2 Prostaglandin E2
Akt Protein kinase B COX-2  Cyclooxygenase 2
Bcl-2 B-cell lymphoma 2 mRNA  Messenger RNA
DNA Di oxy ribonucleic acid THP-1  Human leukemia monocytic cell line
cDDP cis-diamminedichloroplatinum SBV Sweet bee venom
HeLa Henrietta Lacks IL-1B Interleukin 1 beta
CK Cytokinin TNF-o0  Tumor necrosis factor alpha
HPBLs  Human peripheral blood leukocytes TLR2 Toll-like receptors
MDA Malondialdehyde IGF-1 Insulin-like growth factor-1
GSH Glutathione NO Nitric oxide
MIC Minimum inhibitory concentrations TNF Tumor Necrosis Factor
TMV Tobacco mosaic virus PG Prostaglandin
HIV Human immunodeficiency virus THP1  Human leukemia monocytic cell line
VK2 Vaginal cell line IKK IxB kinase
HSV-1  Herpes simplex virus 1 HaCaT Human keratinocyte cell line
IFN Interferon type I MAPK  Mitogen-activated protein kinase
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 MRTP  1-methyl-4- phenyl-1,2,3,6 tetrahydropyridine
H,0, Hydrogen peroxide MS Multiple sclerosis
ALS Amyotrophic lateral sclerosis VGCs voltage-gated channels
HSCs Hepatic stellate cells AST Aspartate aminotransferase
CCL4 Carbon tetrachloride LDsq lethal dose
LDH Lactate dehydrogenase TZM-bl A cell line (Uterus or cervix)
CK-MB Creatine kinase myocardial band SREBP  Sterol regulatory element-binding protein
cTnl Cardiac troponin 1 SMMC-7721 Human hepatocellular carcinoma
MCF7  Human breast cancer cells line N1S1 cells Rat hepatocellular carcinoma
MCcARH7777 Rat hepatocellular carcinoma MDA-MB-453 Human breast cancer cell line
SKB R3 Human breast cancer cell line

1. Introduction

In apitherapy honey bee products including honey, beeswax,
royal jelly, propolis and venom are used. These products are useful
in treatment of various diseases and alterations of the human
being (Ali 2012, Silva et al., 2015, Abdela and Jilo 2016, Basa
et al., 2016, Azam et al., 2018, Suran et al., 2021). Bee products
were used in ancient times and their therapeutic efficacy is men-
tioned in the Holy Quran, Bible, and Vida (Miinstedt and
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Bogdanov 2009, Ali 2012, Silva et al., 2015). Therefore, numerous
studies are focused especially on the BV. Bee venom is produced
in the venom gland placed in the honey bee’s abdominal cavity
(Gajski and Garaj-Vrhovac 2013, Samanci and Kekecoglu 2019,
Aufschnaiter et al., 2020, Kim et al., 2020a, 2020b, Nainu et al.,
2021). However, bee holds an over 300 g of venom in its venom
sac (Bilo et al., 2005, Komi et al., 2018) and injects an average of
about 50-140 pg of venom during a single sting (Ozdemir et al.,
2011, Moreno and Giralt 2015). Adult honey bees use it for hive
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defense (Frangieh et al., 2019, Ko et al., 2020). During the honey
bee attack, the stinger (with barbs) is drawn out from the abdomen
together with the venom pouch. Honey bees die after stinging
once. The effect of bees’ stings on the host body can be local or sys-
temic. The local reaction to the sting of all insects from the order
Hymenoptera is similar, because of the presence of similar toxin
components. The systemic reactions depend upon the allergens
present in the BV (Fitzgerald and Flood 2006, Komi et al., 2018)..

Honey bee venom consists of various bioactive compounds
including several peptides, amines, enzymes, amino acids, lipids,
and other water dissolvable substances (Chen and Lariviere 2010,
Sobral et al.,, 2016, Rady et al.,, 2017, Azam et al.,, 2018, Komi
et al., 2018, El Adham et al., 2022). Due to these substances, BV
has an anti-inflammatory, antibacterial, antiviral anti-cancer,
anti-mutagenic, anti-nociceptive and radioprotective activity
(Garaj-Vrhovac and Gajski 2011, Samanci and Kekecoglu 2019,
Kim et al., 2020a, 2020Db). Its medicinal properties have been recog-
nized in the ancient ages. In antique medicine, BV was used for the
treatments of dermal diseases, back pain, rheumatism, and arthri-
tis (Kim et al., 2020a, 2020b, Abdela and Jilo 2016, Uddin et al.,
2016, Aliyazicioglu 2019). Today, it is used for the cure of various
human and animal diseases such as nervous system alterations,
arthritis, blood circulatory system disease, tumors, skin diseases
and a few immune-related defects (Bellik 2015, Abdela and Jilo
2016). Furthermore, the components of BV like phospholipase A,
and melittin can be used against numerous types of cancer cells
such as prostate, liver, renal, cervical and mammary cancer cells
(Abdela and Jilo 2016). Bee venom can be applied as cream, oint-
ment, or liniment, through acupuncture or an injection. Also, BV
can be applied via a honey bee sting (Ali 2012, Silva et al., 2015).
Therefore, on the market, BV is available in many forms, such as
injections, ointments, creams, natural bee stings, tablets, balms,
bee sting emergency Kkits, as well as pure liquid venom. Moreover,
some specific laboratories can provide the components isolated
from BV such as melittin, phospholipase A, or other components
for medicinal and scientific purposes (Ali 2012). The most used
technique is bee venom acupuncture (BVA) in which a low concen-
tration of BV can be applied to the patient’s body (Silva et al., 2015,
Abdela and Jilo 2016, Ko et al., 2022). Bee venom acupuncture is a
highly effective method for the treatment of osteoarthritis and
rheumatoid arthritis (Hegazi 2012, Silva et al., 2015, Abd El-
Wahed et al., 2019, Chen et al., 2020). In a recent study, it was
proved that the treatment with bee venom results in reproductive
disorders in the mouse model, such as reduction in sperm count,
motility of sperm, testosterone level as well as some irregular
structural changes in sperm morphology, seminiferous tubules
(Regeai et al., 2021). The aim of this study is to summarize the
existing knowledge on BV with special emphasis on its various
properties and therapeutic potential and suggest of new proposals
for future research.

2. Physical properties of honey bee venom

Bee venom is an odorless, translucent fluid with pungent scent
(Wehbe et al., 2019, Kim et al., 2020a, 2020b, Pattabhiramaiah
et al., 2020, Choi et al., 2021). It has an unpleasant taste and pH
from 4.5 to 5.5 (Ali 2012, Abdela and Jilo 2016, Pattabhiramaiah
et al., 2020). It is dissolvable in water and insoluble in ammonium
sulfate as well as alcohol (Hossen et al., 2017a, 2017b). Due to the
oxidation of BV protein, the dehydrated BV becomes light pale,
while some variants available on the market are brown (Ali
2012, Abdela and Jilo 2016). Also, BV contains about 88 % of water
(Hossen et al., 2017a, 2017b, Wehbe et al., 2019, Nainu et al., 2021).
Additionally, the venom contents like phospholipid, fructose and
glucose are similar to the contents present in bee hemolymph.
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Table 1
General composition of honey bee venom.

Bee venom components

References

Peptides
Melittin, Apamin, Adolapin

MCD peptide, Secarpin, Minimine,
Procamine A, B, Protease inhibitor,
Tertiapin, Melittin F, Cardiopep

Proteins (enzymes)

Phospholipase A, Hyaluronidase,
Acid phosphatase

Phospholipase B, o-Glucosidase

Phospholipids

Biogenic amines
Histamine, Dopamine,
Noradrenaline

Y-Aminobutyric acid, a-amino acids

Sugars
Glucose, fructose

Volatiles (pheromones)
Complex ethers

isopentyl acetate, isopentanol, n-
butyl acetate, n-hexyl acetate, 2-
nonanol, n-octyl acetate, n-decyl
acetate, benzyl alcohol, benzyl
acetate

Minerals
Ca, Mg and P

Lipids

(Lee 2016, Aliyazicioglu 2019, Wehbe
et al., 2019, Aufschnaiter et al., 2020,
Kim et al., 2020a, 2020b, Kurek-
Goérecka et al., 2020)

(Orsoli¢ 2012, Bellik 2015, Eze et al.,
2016, Moga et al., 2018)

(Lee et al., 2015, Moreno and Giralt
2015, Hossen et al., 2017a, 2017b,
Moga et al., 2018, Pucca et al., 2019,
Shaaban and Hamza 2019, El-Seedi
et al., 2020)

(Bellik 2015, Hossen et al., 2017a,
2017b, Pucca et al., 2019,
Aufschnaiter et al., 2020)

(Sobral et al., 2016, Hossen et al.,
2017a, 2017b, Azam et al., 2018,
Frangieh et al., 2019)

(Memariani et al., 2019, Aufschnaiter
et al.,, 2020, Kurek-Gérecka et al.,
2020)

(Ali 2012, Sobral et al., 2016)
(Sobral et al., 2016, Azam et al., 2018,
Samanci and Kekegoglu 2019)
(Orsolic 2012, Bellik 2015, Eze et al.,
2016)

(Or3oli¢ 2012)

(Azam et al., 2018, Aufschnaiter et al.,
2020)
(Uddin et al., 2016, Kim et al., 2020a,

2020b, Kurek-Gérecka et al., 2020)

Due to its components, in direct contact with eyes or mucous
membranes, BV causes mechanical damage (Ali 2012).

3. Chemical composition of honey bee venom

Bee venom contains 18 biologically active components includ-
ing polypeptides, amines, enzymes, amino acids and lipids (Table 1;
Figs. 1 & 2) (Uddin et al., 2016, Hossen et al., 2017a, 2017b, Abd EI-
Wahed et al., 2019, Frangieh et al., 2019, Wehbe et al., 2019, Ko
et al.,, 2020, Kong et al., 2020, Shen et al., 2020). Also, there are var-
ious peptides in BV like mast cell-degranulating peptide (MCDP),
melittin, adolapin and apamin (Zhang et al., 2018, Aufschnaiter
et al,, 2020, Kim et al., 2020a, 2020b, Lamas et al., 2020). But BV
is mostly made of melittin which comprises 26 amino acids
(Hossen et al., 2017a, 2017b, Moga et al., 2018, Kong et al., 2020,
Badawi 2021). Melittin makes about 50 % part of the total BV dry
weight (Gajski and Garaj-Vrhovac 2010, Chen et al., 2016, Hossen
et al,, 20173, 2017b, El-Seedi et al., 2020). The molecular weight
of melittin is about 2840 Daltons (Rady et al., 2017, Somwongin
et al,, 2018). Another important component of BV is called mast
cell degranulating peptide (MCD peptide) or peptide 401. This pep-
tide contains 22 amino acids and makes 2-3 % of BV dry weight
(Baracchi et al., 2011, Wehbe et al., 2019). The name has been given
because of its biotic property of histamine released from mast cells
(Pucca et al.,, 2019). The enzymes in BV are hyaluronidase and
phospholipase (Zhang et al., 2018, Kim et al., 2020a, 2020b,
Pattabhiramaiah et al., 2020, Badawi 2021).

Those enzymes are responsible for activating immunity and
inducing IgE reactions in sensitive people (Moreno and Giralt
2015, Abdela and Jilo 2016). Furthermore, phospholipase A,
(PLA) is the main allergen agent of BV and makes up about 10
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Fig. 1. Chemical structures of important BV components [Data of A, B, C, D, E obtained from SpiderChem (Royal Society of Chemistry)] (F); (Jampilek and Kralova 2021), (G);

(Annand et al., 1996).

to12% of the total weight of BV (Hossen et al., 2017a, 2017b, Wehbe
et al, 2019, Baek et al, 2020). In addition, PLA, (a calcium-
dependent enzyme), accelerates hydrolyze processes of the sn-2
ester of glycerophospholipids and liberates lysophospholipids
and fatty acids (OrSoli¢c 2012, Frangieh et al., 2019, Baek et al,,
2020). Hyaluronidase is also called the “spreading factor” and it
is the second most important allergen of BV, disrupting the cell
membrane which hydrolyzes the sticky polymer hyaluronic acid
into non-sticky parts (Moreno and Giralt 2015, Abdela and Jilo
2016). Additionally, it facilitates the activity of other toxins among
the cells, after the dissolution of extracellular substances(Bellik
2015, Komi et al., 2018). Apamin, which is also called the smallest
neurotoxin of BV, contains 18 amino acids (Abd El-Wahed et al,,
2019, Wehbe et al., 2019), and has two disulfide bridges. Also, apa-
min is known as a well selective terminator of calcium ion (Ca?*)
stimulated potassium (K*) channels (Chen and Lariviere 2010,
Bellik 2015, Moga et al., 2018). Additionally, an important polypep-
tide of BV is adolapin. It has 103 amino acids and makes 1 % of BV

dry weight (Abd El-Wahed et al., 2019, Wehbe et al., 2019). Other
low molecular weight compounds like amino acids, minerals, cat-
echolamines and sugars are also present in BV (Moreno and
Giralt 2015, Pucca et al., 2019). Also, BV contains amines such as
dopamine, norepinephrine and histamine (Komi et al., 2018). The
main component of amine is histamine, and it contributes to the
inflammatory reaction by enhancing the penetrability into the
blood vessels. Similarly, other components like catecholamines,
norepinephrine and dopamine facilitate the dispersal and circula-
tion of BV by enhancing the heart beat (Moreno and Giralt 2015,
Abdela and Jilo 2016).

4. Pharmacological properties of honey bee venom

Bee venom and its components have great biotic and pharma-
ceutical potentials, including anti-cancer, anti-bacterial, anti-
inflammatory, anti-viral, radioprotective, anti-nociceptive, anti-
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Fig. 2. Composition and pharmacological activities of bee venom.

Table 2
Basic components of bee venom and its medicinal properties.
Component Biological properties of Bee References
venom
Melittin anticancer, anti-tumor, anti-  (Bellik 2015, Liu Cui-Cui
angiogenesis, anti-fungal, et al.,, 2016, Rady et al.,
anti-parasitic, anti-microbial, 2017, Aliyazicioglu 2019)
anti-arthritic, anti-
inflammatory, anti-psychotic,
anti-atherosclerosis, anti-
bacterial, anti-viral,
Apamin anti-fungal, anti-viral, anti- (Wehbe et al., 2019,
inflammatory, analgesic Memariani et al., 2020)
Adolapin anti-arthritic, analgesic, anti-  (Ali 2012, Wehbe et al.,
inflammatory, antipyretic, 2019)
anti-nociceptive
MCD peptide anti-inflammatory (Komi et al., 2018)
Phospholipase  anticancer, antiprotozoal, (Or3olic 2012, Lee and Bae
Ay anti-inflammatory, 2016a, 2016b, Hossen

immunomodulatory, anti-
bacterial, anti-viral
hydrolysis of hyaluronic acid
perviousness of blood vessels
anti-microbial, cytotoxicity

et al, 2017a, 2017b)

Hyaluronidase
Histamine
Lasioglossins

(Moreno and Giralt 2015)
(Moreno and Giralt 2015)
(Azam et al., 2018)

arthritis, antifungal as well as hepatoprotective properties (Fig. 2;
Table 2).

4.1. Anti-cancer activity of BV

Studies have shown that BV has anti-cancer efficacy against
prostate cancer cells, hepatocellular cancer cells, lung cancer cells,
mammary cancer cells, bladder cancer cells, ovarian cancer cells,
leukemia, and melanocyte cancer cells (Liu Cui-Cui et al., 2016,
Rady et al., 2017, Abd El-Wahed et al., 2019, Wehbe et al., 2019,
Varol et al., 2022). In lung cancer cells, BV causes apoptosis by acti-
vating the DRs’ (death receptor 3) (Rady et al., 2017). Similarly, it
was shown that BV stops the apoptosis in melanocyte (melanoma
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cells) cancer by a calcium-dependent pathway, followed by reac-
tive oxygen species (ROS) production, the liberation of apoptosis-
induced factors (AIF), endonuclease G (EndoG), and calcium varia-
tion (OrSoli¢ 2012). A component of BV, melittin, stops the spread
of cancer cells trough the initiation of apoptosis (Moga et al., 2018,
Aliyazicioglu 2019). Also, melittin causes apoptosis in leukemia
cells (U937 cells) via the suppression of Akt (protein kinase B) sig-
nal processes (Gajski and Garaj-Vrhovac 2008, Bellik 2015, Rady
etal, 2017, Moga et al., 2018). Bee venom treatment also downreg-
ulated Bcl-2 (B-cell lymphoma 2) which limits the initiation of
caspase-3 and cells reinstated their viability in leukemic cells
(Varol et al., 2022). Furthermore, melittin inhibits calmodulin
(calcium-binding protein) which restrains the progress of leukemia
cells in the human body (Son et al., 2007, Liu Cui-Cui et al., 2016).
Also, melittin triggers apoptosis in gastrointestinal cancer cells
(SGC-7901 cells) (Rady et al., 2017).

Previous studies indicate that melittin disrupts and targets the
whole-cell membrane structure, compared to other chemothera-
peutic medicines which can’t distinguish typical from and cancer
cells (Liu Cui-Cui et al., 2016). Furthermore, melittin can destroy
the internal cytoplasm content and penetrate inside the cancer cell
through endocytosis and destroys the cell membrane (Kohno et al.,
2014). The mechanism of the anti-cancer capability of melittin
depends upon the type of cancer cell. For instance, melittin can dis-
rupt metastasis, proliferation, angiogenesis, cell cycle and apopto-
sis of cancer cells and regulate or activate these reactions via
various genes, molecules and other signal pathways (Orsolic
2012). Gajski et al. (2014) investigated the combined effect of BV
and cisplatin. Authors concluded those two substances have syner-
gistic killing activity towards all tested cell lines (HeLa CK and CK2
cells etc). Because of the pretreatment with BV, these cell lines
become more susceptible and the chances of resistance against cis-
platin is reduced. Also, melittin causes distraction and the forma-
tion of pores in the cell membrane increasing the entry and
deposition of cisplatin, which triggers the cytotoxicity of cancer
cells (Gajski et al., 2014). Additionally, melittin and cisplatin have
a synergistic effect on A1235 cells. That combination boosts the
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killing activity of BV and decreases the resistance of cDDP (cis-
diamminedichloroplatinum) (Gajski et al., 2016a, 2016b).

It was documented that the membrane disrupting action of
melittin can enhance cell membrane permeability and open cal-
cium ion channels which change and elevate free Ca* concentra-
tion inside the cell that causes necrosis or apoptosis in mammal
cells (Saris and Carafoli 2005). Furthermore, previously published
articles showed the destructive and cytotoxic effect of melittin in
leukemia patients (L1210 cells) (Son et al., 2007, Liu Cui-Cui
et al., 2016). Similarly, the BV significantly increases MDA (malon-
dialdehyde) level while decreases the level of GSH (glutathione)
and enhances the damage of DNA in human peripheral blood
leukocytes (HPBLs). Because both MDA and GSH are oxidative
stress factors that could be the cytotoxicity mechanism of BV.
While BV also enhanced the formation of lipid peroxide in renal
proximal tubule cells of rabbit which is involved for the expres-
sions of oxidative pressure. But some studies showed the cytotoxic
effect of BV or melittin on normal cells, indicating the need for fur-
ther researches (Gajski et al., 2012). Additionally, melittin selec-
tively targeted tumor cells because these cells possess high
membrane potential as compared to normal cells (Gajski et al.,
2016a, 2016b) and the concentration, which was used against
tumor cells, does not affect the normal cells growth (Gajski and
Garaj-Vrhovac 2013). Bee venom holds anti-tumor efficacy against
different cancer cells like Breast cancer cell, Liver and Cervix cancer
cells in a time and dose dependent way and have no side effect on
non-target cells (Salama et al., 2021).

According to Kong et al. (2016) melittin enhances the protein
expressions of human digestive tumor cell’s mitochondrial pro-
apoptotic factors as AIF (Apoptosis inducing factor), EndoG (en-
donuclease G) as well as cytochrome c (Cyt C) while reduces the
Smac/Diablo which causes apoptosis by means of the
mitochondrial-dependent pathway (Kong et al., 2016). Wang
et al. (2009) investigated the anti-tumor activity of melittin in
human liver cancer cells. Authors concluded that melittin can
enhance the discharge of cytochrome c through the stimulation
of caspase-9, caspase-3 and the calcium channels, causing distur-
bance of mitochondrial membrane penetrability (Wang et al,
2009). Also, previous studies showed that BV causes alterations
in cell structure, reduces cell survival rate and necrosis in human
lymphocyte cells in vitro. Because the main component of BV,
melittin has a cell demolition property (Garaj-Vrhovac and Gajski
2009, Gajski and Garaj-Vrhovac 2011, Gajski et al., 2016a,
2016Db). It has been reported that BV restrains lung cancer cell
development via the suppression of DNA binding potential of NF-
KB. In addition, BV possesses anti-cancer capability which inacti-
vates NF-kB and overexpresses DR3 in lung cancer cells therapy
(Choi et al., 2014). Studies revealed that melittin is the potent
agent toward TNBC (Triple-negative Breast cancer) (SUM149 and
SUM159) and HER2 (Human epidermal growth factor receptor 2)
enriched breast cancer (SKB R3 and MDA-MB-453) while having
protective impact on normal cells (Duffy et al., 2020).

In another study, scientists observed the anti-angiogenesis
activity of melittin on liver tumor cells of humans (Zhang et al.,
2016). Wu et al. (2015) suggest that melittin can prevent the pro-
gression of cancer cells by affecting their cell cycle (Wu et al.,
2015). Also, melittin can act as an antitumor and anti-vascular
agent through a PFC (Perfluorocarbon) nanoparticles delivery sys-
tem which has therapeutic targeted potential (Pan et al., 2011).
Melittin nanoparticles revealed the anticancer capability via the
immunomodulation of liver sinusoidal endothelial cells which sup-
press the liver malignant growth (Duffy et al., 2020). Additionally,
melittin-laden nanoparticles significantly provided melittin to the
mice model (having squamous dysplasia and carcinoma induced
by human papillomavirus transgenic elements such as E6 and
E7) intravenously which successfully targeted and killed precan-
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cerous lacerations in K14-HPV16 (Human papillomavirus trans-
genic mice) (Kasozi et al., 2020). Bee venom acupuncture has a
favorable effect in the restriction of peripheral nervous system dis-
ease that is caused by the chemical treatment of cancer. The pep-
tide of BV called lasioglossin Il shows cytotoxicity against the
different tumor cells ex vivo (Abdela and Jilo 2016, Azam et al,,
2018). It was demonstrated that BV component group III sPLA; (se-
creted PLA,) as well as phosphatidylinositol-(3,4)-bisphosphate
mutually disintegrate kidney tumor cell membrane and subse-
quently cause tumor cell death (Lee and Bae 2016a, 2016Db).
Researchers examined the anti-tumor activity of BV in vitro and
stated that BV restrains K1735M2 cancer cells in the mice model
because it inhibits the cell cycle of these tumor cells at the G1 stage
(Komi et al., 2018).

Also, the administration of BV intravenously decreases the
spread of lungs tumors in the mice models (OrSoli¢ 2012). Further-
more, BV stops the multiplication of B16 malignancy in C57BL/6
in vivo and K1735M2 tumor cells ex vivo in mice models (Liu
et al,, 2002, Rady et al., 2017). Both in vivo and ex vivo studies sug-
gest that BV is useful in the fight against prostate cancer by the
stimulation of caspase as well as through the deactivation of the
NF-xB process. Bee venom is also preventing the progression of
colon tumor cells via stimulation of apoptosis having no negative
impact on normal FHC (fetal human cells) of colon epithelium
(Zheng et al., 2015, Rady et al., 2017). It has been stated that the
activation of phospholipase A, by melittin can enhance the activity
of calpain as well as necrosis of hepatic cancer cells including
MCcARH7777 and N1S1 cells (Orsolic 2012). Huh et al. (2010) state
that BV can obstruct metastasis and angiogenesis through the sup-
pression of VEGFR-2 (Vascular endothelial growth factor receptor
2) and VEGF (Vascular endothelial growth factor) in pulmonary
cancer cells (Huh et al., 2010). Moreover, the treatment of cancer
with the melittin gene (gene therapy) in vivo causes apoptosis in
tumor cells (Ling et al., 2005, OrSolic 2012). The BV polypeptides
have a major inhibition role in the suppression of human hepato-
cellular carcinoma (SMMC-7721) (Hu et al., 2006, Orsolic 2012,
Azam et al., 2018). Putz et al. (2006) concluded that a combination
of anti-cancer effect of phospholipase A, and phosphatidylinositol-
homologs causes the interruption of membrane integrity, abolition
of signal transduction and the obstruction of renal melanoma cell
proliferation (Putz et al., 2006). Also, BV possesses cytotoxicity
against leukemia, mammary carcinoma, osteosarcoma, and hep-
atoma cells (Moon et al., 2006, Chu et al., 2007).

The venom of A. mellifera syriaca was used against human colon
cancer cells, which showed the combined cytotoxicity activity of
melittin and phospholipase A2 towards HCT116 cells (Human col-
orectal carcinoma cell line) (Yaacoub et al., 2021). In addition, BV
has an anti-cancer capability toward NCI-H1299 cells (human lung
cancer) via the initiation of apoptosis and the synthesis of PGE2
(Prostaglandin E2) because of the obstruction of COX-2 (Cyclooxy-
genase 2) mRNA expression (Bellik 2015). It was discovered that
the compounds of BV have anti-cancer activity against MCF7 cells
(human breast cancer cells), which cause apoptosis via stimulating
caspase-3 and —9 or by the discharge of AIF and EndoG from mito-
chondria (Moga et al., 2018). A recent study has shown that the
sweet bee venom revealed cell death of THP-1 (human leukemia
monocytic cell line) cells at a concentration of 20 pg/mL (Ryu
et al., 2022). Similarly, due to the increased expression of protein
of p21 and p53, bee venom also showed anti-tumor efficacy
towards pancreatic cancer cell lines (Zhao et al., 2022). The current
literature shows that bee venom or its individual component
melittin possess anti-cancer activity against various cell lines, but
some obstacles remain for successful therapy, like non-specificity
in cytotoxicity, in vivo lysis activity and ineffective system delivery.
However, modern strategies such as nanotechnology, gene therapy
and immunoconjugation will overcome these restrictions and bee
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venom or its components will be used as a therapeutic agent in
clinical applications in the near future.

4.2. Antimicrobial action of bee venom

4.2.1. Antifungal activity of BV

It has been documented that melittin possesses anti-fungal
activity (Rady et al., 2017, Pattabhiramaiah et al., 2020) against Can-
dida albicans by destroying membrane and causing the cell apopto-
sis in a caspase/mitochondrial-dependent way (Liu Cui-Cui et al.,
2016). Also, BV is a strong agent against Trichophyton rubrum, Tri-
chophyton mentagrophytes (El-Seedi et al., 2020), Malassezia furfur
and Candida albicans (Kim et al.,, 2019, Kurek-Goérecka et al.,
2020). It is proved that the effect of BV toward Trichophyton rubrum
and Trichophyton mentagrophytes is stronger than of commercially
available antifungal medicine, fluconazole (Park et al., 2018, El-
Seedi et al., 2020). Furthermore, sweet bee venom (SBV) (BV with-
out enzymes and histamines) possesses stronger antifungal efficacy
compared to BV (Lee 2016). Both SBV and BV show antifungal capa-
bility on 10 experimental C. albicans strains isolated from vagina
and blood through broth micro-dilution assay, disk diffusion assay
and killing-curve assay (Park et al., 2018). Surendra et al. (2011)
presented that BV of Apis cerana has strong inhibitory activity
towards C. albicans as compared to Apis dorsata and Apis florea,
respectively (Surendra et al., 2011). The two constituents of BV,
apamin and melittin, show inhibitory effects against Aspergillus pil-
lows and Alternaria alternate which cause inflammatory disease in
the nasal cavity (El-Seedi et al., 2020). Based on the literature stud-
ies, a larger and long-term follow-up trial is needed to determine
the safety and efficacy of BV because its safety is still a strong lim-
iting consideration during clinical treatment.

4.2.2. Anti-protozoal activity of BV

Studies revealed that BV group III sPLA, has anti-
trypanosomiasis properties (Lee and Bae 2016a, 2016b, Pucca
et al,, 2019). The expression of BV group III sPLA; in a genetically
modified mosquito’s midgut has inhibitory action toward Plasmod-
ium ookinetes (Bellik 2015, Lee and Bae 2016a, 2016b). Addition-
ally, cecropin (a hybrid of melittin) has antileishmanial efficacy
for Leishmania donavani promastigote via disrupting its plasma
membrane (Bellik 2015). Melittin disrupts the membrane’s integ-
rity of both prokaryotic and eukaryotic organisms which causes
lysis of membrane and permeability. This kind of reaction makes
melittin an anti-microbial, anti-fungal, and antileishmanial agent
(Bellik 2015). According to previous research, PLA, shows anti-
protozoal action towards Trypanosoma brucei brucei in controlled
conditions. Bee venom peptide called Lasioglossins, possesses
greater antimicrobial action because of its membrane interaction,
as well as DNA binding (Bandyopadhyay et al., 2013, Ali 2014). It
has been reported that, the peptide melittin possesses antiproto-
zoal activity against Toxoplasma gondii, Trypanosoma cruzi, Plas-
modium and Leishmania. Furthermore, melittin has been utilized
in vaccine preparation to enhance immunity to leishmaniasis. Also,
melittin shows Kkilling activity towards Trypanosoma cruzi
(Memariani and Memariani 2021). As we reviewed, BV possesses
antiprotozoal activities but the exact effect of its compounds along
with mode of action and its commercialization as a therapeutic
medicine is still unknown.

4.2.3. Anti-bacterial activity of BV

Researchers documented that BV group Il sPLA, has anti-
bacterial efficacy against Gram-negative bacteria (Boutrin et al,,
2008, Lee and Bae 2016a, 2016b). However, many studies revealed
that melittin shows anti-bacterial activity toward both types of
bacteria, Gram-negative and Gram-positive bacteria (Lee et al.,
2015, Komi et al., 2018). It was demonstrated that BV possesses
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anti-bacterial activity towards various inflammatory dermal dis-
eases (Lee et al., 2015). Purified BV has anti-bacterial capability
toward Propionibacterium acnes, clindamycin-resistant Propionibac-
terium acnes, Streptococcus pyogenes, Staphylococcus aureus, Staphy-
lococcus epidermidis as well as Staphylococcus pyrogenes (Han et al.,
2012, Kim et al., 2019, Kurek-Gérecka et al., 2020). Some studies
have exposed that the treatment of melittin recovered the skin
lesions induced by MRSA (methicillin-resistant S. aureus) in mice
models (Kim et al., 2019). Furthermore, the application of BV
against Acne vulgaris significantly restricts the propagation of S.
aureus which causes inflamed lesions (Lee 2016). It was observed
in Korea that BV stopped the development of two Gram-negative
bacteria while seventeen strains of gram-positive bacteria sepa-
rated from bovine mastitis (Hegazi et al., 2015). Experiments have
shown that BV has bactericidal action against Salmonella spp.,
Enterobacter cloacae, Citrobacter freundii, E. coli, S. aureus and Coag-
ulase-negative Staphylococcus spp. (Hegazi et al., 2014).

Han et al. (2013) documented that BV displayed antibacterial
efficacy towards Vibrio ichthyoenteri, Streptococcus iniae and
Edwardsiella tarda (Han et al., 2013). Also, melittin has antibacterial
activity against Vibrio parahaemolyticus (Memariani et al., 2019). It
was indicated that the use of BV significantly lowered IL-18 (Inter-
leukin 1 beta) along with TNF-o (Tumor necrosis factor alpha) level
and decreased the inflammatory cells’ population in mice skin
which was caused by Cutibacterium acnes injection into ears. In
the same way, BV also retarded the expression of CD14 (protein
coding gene) and TLR2 (Toll-like receptors) in tissues that were
induced by C. acnes injection (An et al., 2014, Kurek-Goérecka
et al., 2020). Additionally, due to its anti-lipogenesis and anti-
acne activity BV and its component melittin obstructed the high
expression of both pro-inflammatory factor and lipogenic in an
IGF-1 (Insulin-like growth factor-1) stimulated lipogenic disorder
and Cutibacterium acnes model via the inhibition of Akt/mTOR/
SREBP signaling pathways (Gu et al., 2022). Due to its antibiotic
properties, BV obstructs the progression of Listeria monocytogenes
strains (foodborne pathogens) at low concentrations (Lamas
et al.,, 2020). Bee venom along with melittin possesses anti-bacte-
rial properties against penicillin resisting S. aureus strains
(Memariani et al., 2019). Furthermore, melittin is a potent anti-
bacterial agent for Borrelia burgdorferi which causes Lyme malady
(Socarras et al.,, 2017). The expression of melittin in a plasmid
can significantly inhibit genitourinary microbes such as Chlamydia
trachomatis and Mycoplasma hominis intracellularly (Lazarev et al.,
2002, Memariani et al., 2019). Likewise, melittin shows antibacte-
rial efficacy against various plants’ pathogenic bacteria, e.g., Xan-
thomonas oryzae pathovar oryzae (Shi et al, 2016).
Correspondingly, melittin has inhibitory activity against 41 exper-
imental bacterial types including 15 methicillin-sensitive S. aureus,
11 methicillin resistive S. aureus and 15 E. faecalis strains (Dosler
and Gerceker 2012, Memariani et al., 2019).

In another study, it was documented that melittin exhibited
antibacterial activity toward 32 types of antibiotics opposing bac-
teria, which include P. aeruginosa, E. coli, Salmonella typhimurium, S.
aureus at about 16 pM concentration (Gopal et al, 2013,
Memariani et al., 2019). The combined effect of melittin along with
erythromycin showed inhibitory action on K. pneumoniae (Liu
et al,, 2002, Moerman et al., 2002). In the same way, melittin also
had antibiotic efficacy against A. baumannii isolates once united
with imipenem as well as colistin (Bardbari et al., 2018). Lazarev
et al. (2004) acknowledged that a plasmid containing the melittin
gene had the potential to restrain Mycoplasma gallisepticum septic-
ity in poultry (Lazarev et al., 2004). A new study revealed that
melittin invades biofilm strata of P. aeruginosa progressively and
attacks the biofilm existing bacteria via destroying their mem-
branes (Khozani et al., 2019, Memariani et al., 2019). Bee venom
and its components, melittin and PLA, were used against various
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oral microbes which were responsible for dental decay. Conse-
quently, BV minimum inhibitory concentrations (MIC) were about
20 to40 pg/mL when applied against Streptococcus mutans, S. sali-
varius, S. mitis, S. sobrinus, S. sanguinis, Enterococcus faecalis and Lac-
tobacillus casei (Leandro et al., 2015, El-Seedi et al., 2020). Bee
venom is effective against 14 out of 16 Salmonella strains of poultry
due to its antibiofilm and antibacterial capability with MIC varying
between 256 and 1024 ng/mL (Arteaga et al., 2019). Additionally,
BV enhanced the production of antibodies against S. gallinarum
(formalin-killed) in broiler chickens (Jung et al., 2013, El-Seedi
et al., 2020). It has been shown that the bee venom of two sub-
species of Apis mellifera (Apis mellifera carnica and Apis mellifera
yemenitica) exhibited parallel anti-bacterial activity against Pseu-
domonas aeruginosa, Escherichia coli and Salmonella typhimurium
with MIC (minimum inhibitory concentration) of 10 mg/ml
(Alajmi et al., 2022). The above summarized antibacterial, antibio-
film and antifungal properties of bee venom revealed its therapeu-
tic potential against microbial pathogens. Future clinical studies
including detailed experimental investigation may eventually yield
treatment of various disorders. So, we believe that bee venom can
be used for therapeutic purposes if careful provisions are taken to
avoid adverse effects.

4.2.4. Anti-viral activity of BV

Melittin possesses anti-viral activity against herpes simplex
virus, TMV (Tobacco mosaic virus) and murine retrovirus (Uddin
et al., 2016, Kurek-Gorecka et al., 2020, Lamas et al., 2020). Addi-
tionally, nanoparticles holding melittin can demolish HIV (human
immunodeficiency virus), having no harmful effect on adjacent
cells (Eze et al., 2016, Azam et al., 2018, Wehbe et al., 2019). Like-
wise, it also showed viricidal capability toward HIV-1 in the
epithelial vaginal cell line, VK2 (Vaginal cell line) and blocked the
infection of HIV in TZM-bl (derived from HeLa cell) reporter cells
(Ratcliffe et al., 2014, Da Mata et al., 2017). The analogous melittin
called Hecate remarkably diminished the synthesis of virus-speci-
fic proteins (glycoproteins B, C, D, H) of herpes simplex virus type 1
(Da Mata et al., 2017). Melittin can disrupt the production of the
viral proteins HSV-1 (Herpes simplex virus 1) and it also dimin-
ishes the expression of the HIV-1 viral genes and inhibits its repli-
cation (Bellik 2015). PLA; also acts as an anti-viral agent for HIV
(Bellik 2015, Wehbe et al., 2019). It was demonstrated that BV
and melittin had viricidal activity ex vivo against various enveloped
and unenveloped viruses including herpes simplex virus, influenza
A virus, vesicular stomatitis virus besides coxsackievirus,
enterovirus-71 respectively along with Respiratory Syncytial Influ-
enza A (El-Seedi et al., 2020).

Bee venom and its constituents can accelerate IFN (interferon
type I), hence restrain viral multiplication in the host cell
(Wehbe et al., 2019). Masuda et al. (2005) justified that phospholi-
pase A, acts as an anti-viral agent and has the proficiency to
destroy the phospholipids of cell membranes (Masuda et al.,
2005). Immediate application of phospholipase A, against 293A
cells reduced the number and the size of plaque formation of ade-
novirus (Mitsuishi et al., 2006, Mansour et al., 2016). BV (non-cyto-
toxic amount) notably repressed the multiplication of HSV along
with the stimulation of IFN-1 that induces the inhibition of virus
replication after the initiation of host antiviral communication
(Kim et al., 2019). Moreover, BV efficiently obstructs the prolifera-
tion of cervical tumor cells via the suppression of HPV viruses E6/
E7 proteins (El-Seedi et al., 2020). Melittin exhibits anti-viral activ-
ity toward HSV-1 as well as HSV-2 (Herpes simplex virus 2) and
Arenavirus Junin through the prevention of virus proliferation,
adsorption in addition to diffusion and also impede K + along with
Na + pumps in host tissue cells (Matanic and Castilla 2004, El-Seedi
et al., 2020). The combination of BV constituents, melittin and apa-
min, show anti-viral activity for the bovine viral diarrhea virus

103

Saudi Pharmaceutical Journal 31 (2023) 96-109

(Picoli et al., 2018). Studies revealed that influenza A virus-
infected chick embryos demonstrate a survival rate of 80 % after
melittin inoculation as compared to non-melittin inoculated chicks
with a 40 % viability rate (Memariani et al., 2020). Bee venom or
melittin and PLA2 individually possesses strong antiviral capabili-
ties against different viruses. In addition, antiviral property of BV
could stand with other remedies as the possible candidate in future
to investigate its activity against SARS-CoV-2 (severe acute respira-
tory syndrome coronavirus 2) (Al Naggar et al., 2020, Kasozi et al.,
2020, Lima et al., 2021). Therefore, like other remarkable activities
of bee BV against various pathogens, it also boosts immunity and
adopts a defensive response towards different viral infections
and could be effective as a natural remedy against SARS-Covid-19.

4.3. Anti-arthritis activity of BV

Studies revealed that BV was used against arthritis disease
through the prevention of rheumatoid joint cell proliferation and
also hindering the assemblage of the pro stimulating ingredients
like PGE-2, cytokinin, NO (Nitric oxide), Enzyme COX-2, and Tumor
Necrosis Factor (TNF-2) (Eze et al., 2016, Aliyazicioglu 2019). Addi-
tionally, melittin has anti-arthritic efficacy due to the reduced
expression of phospholipase A, and cyclooxygenase-2 while it
decreases the levels of interleukin-1, TNF-o (tumor necrosis factor-
alpha), IL-6 (interleukin 6), oxygen reactive species and nitric oxide
(Bellik 2015, Moga et al., 2018). The anti-arthritis capability of ado-
lapin is due to the inhibition of the prostaglandin (PG) production
system. Additionally, it was also discovered that BV inhibits arthri-
tis disease caused by Mycobacterium butyricum in Lewis mice. Pre-
vious reports have shown that BV reduces the level of TNF-a and
NO synthesis which are responsible for the abrasion of joint carti-
lage, invasion of inflammatory cells as well as bone damage in
inflammatory arthritis (Son et al., 2007). Due to its anti-arthritis
property, BV blocks the DNA transcriptional and binding action
of NF-xB in synoviocytes, THP 1 (human leukemia monocytic cell
line) and Raw 264.7 cells (which are the monocyte cell line) in a
dosage-related manner (Park et al., 2004).

Furthermore, BV stops the propagation of rheumatoid synovial
cells and causes apoptosis through the stimulation of caspase-3
(Son et al., 2007). Additionally, the injection of apamin and melittin
to patients having arthritis disease, significantly cures edema. Also,
administration of adolapin and protease inhibitor also treats 15 to
40 % of edema disease (Han et al., 2012). It has been proven that
the injection of BV via Zusanli acupoint in mice having arthritis
which was induced by Freund’s adjuvant, revealed both anti-noci-
ceptive and anti-inflammatory results (Kim et al., 2003, Azam et al.,
2018). Bee venom apitherapy exhibited anti-arthritis activity both
in vivo and ex vivo for osteoarthritis and rheumatoid arthritis. It
also protects the body from oxidative stress caused by rheumatoid
arthritis both in human and animal experimental models (Bellik
2015). It was stated that BV acupuncture treatment inhibits the
immune responses induced by type-II collagen afterward blocking
the progression of arthritis disease (Mansour et al., 2016). Studies
revealed that BV acupuncture significantly protected tissue impair-
ment through the downregulation of lysosomal, cytoplasmic as
well as matrix protease while decreasing the level of reactive oxy-
gen species (ROS) in type-II arthritis induced by collagen in the
mice model (Zhang et al., 2018). In conclusion, numerous evidence
regarding the broad-spectrum of anti-arthritis properties of BV
have encouraged physicians to use it against osteoarthritis and
rheumatoid arthritis carefully to avoid side effects.

4.4. Anti-inflammatory activity of BV

It was documented that the use of melittin reduces the phos-
phorylation of IxB, IKK (IkB kinase), NF-xB along with p38 via
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heat-killed Propionibacterium acnes in HaCaT (human Kkeratinocyte
cell line) cells. This evidence demonstrated that melittin therapy
abolishes the inflammatory cytokine formation by P. acnes via pre-
venting p38 MAPK (Mitogen-activated protein kinase) and NF-«xB
signals in HaCaT cells (Lee et al., 2015, Lee and Bae 2016a,
2016b). Moreover, melittin shows anti-inflammatory activity in a
live model animal having inflammatory dermal disease induced
by P. acnes which exhibited distinctly lower granulomatous and
swelling reactions as compared to P. acnes injected alone
(Memariani et al., 2019). Melittin has the potential to cure neu-
rodegenerative abnormalities along with the activation of micro-
glial cells because it suppresses the pro-inflammatory reactions
of BV2 glial cells (Hegazi 2012, Lee and Bae 2016a, 2016b). It was
detected that the use of melittin restrained the reduction of anti-
apoptotic factor Bcl-2 (B-cell lymphoma 2) expression induced by
H,0, (Hydrogen peroxide), enhancing the pro-apoptotic factor
Bax (Bcl2-associated X protein) expressions in order to reduce
apoptotic DNA division and increasing the viability of cell (Han
et al., 2014). Additionally, the administration of melittin against
animal models having amyotrophic lateral sclerosis (ALS) of lung
and spleen shows accelerated signaling while diminishing inflam-
mation for the survival of cells (Lee et al., 2014, Lee and Bae 2016a,
2016b). Studies have exposed that melittin possesses anti-psy-
chotic activity which can be used for the treatment of psychosis
instead of the use of other therapeutic drugs having side effects
(Dantas et al., 2014). In the same way, melittin was used against
High-Fat/LPS mice in vivo which displayed anti-atherosclerosis
activity through the suppression of atherosclerosis disease in
tested mice (Moreno and Giralt 2015).

Melittin reduces hepatic fibrosis, inflammation, and hepatic
injury through the expression of IL-6, as well as IL-18, and also pre-
vents the secretion of TNF-o in the TNF-a-tested HSCs (hepatic
stellate cells). Similarly, the treatment of the bile duct using melit-
tin diminished the inflammation and fibrosis (Lee and Bae 2016a,
2016b). In a recent study, it was reported that BV diminishes the
lipid polysaccharides (LPS) induced kidney malfunction and phys-
ical defects through the downregulation of oxidative stress, tubular
cell apoptosis and inflammation of an acute kidney wound in a
mice (Kim et al., 2020a, 2020b). The group III sPLA, of BV has anti-
inflammatory activity against mice having asthma disease through
Treg cells (Park et al., 2015). Likewise, the comparable activity of
BV group III sPLA, was also shown in hepatic and renal wound
induced by acetaminophen and cisplatin respectively (Kim et al.,
2015a, 2015b, Lee and Bae 2016a, 2016b). Palm et al. (2013)
proved that the component of BV group III sPLA, enhanced the
immunity of the mice after injection of a high dose of group III
sPLA, showing positive immune responses of IgE toward group
Il sPLA;, and protected mice from future alterations (Palm et al.,
2013). Investigators reported that BV group III sPLA, can stop the
inflammation and death of nerve cells caused by prion protein
fragment;ps.126 (Hossen et al., 2017a, 2017b). New research show
that the treatment with phospholipase A2 significantly cured cho-
lestatic liver injury in mice via the obstruction of inflammation and
liver cell apoptosis (Kim et al.,, 2021). The BV constituent called
MCD peptide is composed of 22 amino acids having 2 disulfide
bridges and possesses anti-inflammatory potential (Bellik 2015,
Komi et al., 2018). Moreover, the administration of melittin can
induce the body to produce cortisol and acts as a potent anti-in-
flammatory representative of BV (Eze et al., 2016). It was investi-
gated that BV component adolapin possesses anti-inflammatory
action towards the adjuvant polyarthritis and mice posterior foot
oedema caused by PG (prostaglandin), carrageenan and adjuvant
(Son et al., 2007).

Similarly, the apamin acts as an anti-inflammatory agent which
stops inflammation of foot edema in animal models induced by
dextran and serotonin hypodermically (Chen and Lariviere 2010,
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Bellik 2015). Due to its anti-inflammatory activity, apamin also
restrains phospholipase A2 and COX —2 (Varol et al., 2022). Studies
have shown that BV contains anti-inflammatory activity against
various diseases. For instance, Herpes zoster, arthritis, osteoarthri-
tis, bursitis, keloids, rheumatoid arthritis, tendinitis, multiple scle-
rosis as well as Lyme disease (Basa et al., 2016). BV can be used
against various neuroinflammatory diseases such as Parkinson’s
disease (PD), amyotrophic lateral sclerosis and multiple sclerosis
(Zhang et al., 2018, Wehbe et al., 2019). In addition, BV exhibited
anti-neuroinflammatory activity toward PD through the control
of apoptotic and neuroinflammatory signs of PD induced in mice
(Silva et al., 2015). Similarly, BV also decreases the inflammation
of nerve cells in MRTP (1-methyl-4- phenyl-1,2,3,6 tetrahydropy-
ridine) treated mouse model with PD (Azam et al.,, 2018). It was
also reported that phospholipase A, causes the downregulation
of neuroinflammatory reactions in mice models having Parkinson’s
disease (Baek et al., 2020). Also, apamin can be used as a healing
agent for the cure of Alzheimer’s disease and Multiple sclerosis
(MS) (Azam et al, 2018). In addition, BV along with other
antiepileptic drugs can have curative potential for epileptic dis-
ease. As BV enhances alterations in the expression of VGCs
(voltage-gated channels) and reverses balance in neurotransmit-
ters and blood electrolytes, because of the prevention of proinflam-
matory cytokine stimulation (Abd El-Hameed et al., 2021).
Furthermore, PLA, has immuno-protective capability against
various diseases like PD, asthma and Alzheimer’s disease (Park
et al,, 2015, Wehbe et al., 2019). Shin et al. (2018) proved that
PLA, possesses anti-inflammatory capability against dermal infec-
tions and reduces atopic dermal inflammation via collaboration
with CD206 (Shin et al., 2018). The application of BV efficiently
blocked DNA impairment while repressed caspase-3, apoptotic
Bax, in addition to Bcl-2 gene expression in mice having PD
(Khalil et al., 2015, Wehbe et al., 2019). Also, BV decreases the syn-
thesis of pro-inflammatory cytokines, PGE2, NO and COX-2 in mur-
ine glial cells (macrophage in the brain) cultures which were
accelerated by lipopolysaccharides (Silva et al., 2015). It was docu-
mented that BV diminishes hepatic fibrosis caused by CCL4 (Car-
bon tetrachloride) via the downregulation of fibrogenic cytokines
in animal models (Lee et al., 2015, Zhang et al., 2018). PLA, medi-
cation treated the liver malfunction and provoked the synthesis of
anti-inflammatory cytokines in acetaminophen-treated mice
(Hossen et al., 2017a, 2017b, Zhang et al., 2018). The wound heal-
ing potential of BV has been shown in many studies. Bee venom
along with chitosan and polyvinyl alcohol synergistically enhances
the wound recovery process via accelerating hydroxyproline and
glutathione while suppressing the IL-6 level in injured tissues
(Kurek-Gorecka et al., 2021). The anti-inflammatory activities of
bee venom and its compounds provide scientific evidence support-
ing the use of bee venom as an alternative therapeutic medicine.

4.5. Anti-nociceptive property of BV

Bee venom has anti-nociceptive capability toward inflamma-
tory pain (Seo et al., 2018). Therefore, BV is used traditionally for
the cure of visceral, inflammatory, thermal, and many others dis-
comfort responses (Son et al., 2007). Hypodermic apipuncture
treatment with BV reduces thermal and mechanical hyperplasia
(Kwon et al., 2001a, 2001b, 2000c, 2000d), arthritic pain induced
by collagen (Komi et al., 2018) and pain induced by formalin, and
knee osteoarthritis associated pain (Kwon et al., 2001a, 2001b,
2000c, 2000d, Son et al., 2007). Also, one component of BV, adola-
pin, shows analgesic efficacy, on its own (Son et al., 2007). More-
over, the anti-nociceptive impact of BV is established when BV is
directly inoculated into acupoint ST36 (which is recognized as
Zusanli) to an animal model having persistent arthritis as com-
pared with a non-acupoint inoculation (Azam et al., 2018). Pre-
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treatment with BV shows anti-nociceptive power against spinal
cord Fos expression associated with formalin-caused distress
behavior in rats (Lee et al.,, 2001, Son et al., 2007). Apamin can
act as a pain killer and is significantly effective in reduction of
arthritis, gout, rheumatoid arthritis, neuralgia and muscular pain
(Han et al., 2012). Also, apamin has analgesic activity via prohibit-
ing lipoxygenase from human blood platelets (Wehbe et al., 2019).
The phospholipase A, improves the negative consequences of
mechanical allodynia and coldness induced by oxaliplatin
(Hossen et al., 2017a, 2017b).

It has been reported that subcutaneous injection of BV causes
anti-nociceptive activity in many rodent models for both visceral
and somatic nuisance, and prohibits the nociceptive reactions in
mice models induced by acetic acid (Costa et al., 2014). Likewise,
BV administration considerably reduces the inflammation-associ-
ated cytokines expressions like phospholipase A,, NO, IL-1, ROS,
IL-6, COX-2 and TNF-o through NF-(B in rheumatoid arthritis
(Costa et al., 2014). It has been documented that that treatment
with BV in the acupoint substantially decreases nociceptive reac-
tions and arthritis-related oedema (Kwon et al.,, 2001a, 2001b,
2000c, 2000d, Kim et al., 2003). Additionally, the administration
of BV through an acupoint had more significant anti-nociceptive
efficacy on mice having writhing reflex (induced by acetic acid)
as compared to non-acupoint injection (Kwon et al., 2001a,
2001b, 2000c, 2000d, Son et al., 2007). Comparatively, the treat-
ment of arthritic pain induced by an adjuvant through BV is better
because of its anti-nociceptive efficiency (Kwon et al., 2001a,
2001b, 2000c, 2000d). It was detected that BV acupuncture con-
tains pain-relieving properties against neuritis pain induced by
paclitaxel in the mice model (Shen et al., 2020). The injection of
bee venom has some deleterious effects on allergic people, like
anaphylactic or systemic reactions. Also, the cellular and molecular
mechanism of bee venom as an anti-nociceptive agent is still
unclear and needs further extensive investigation to minimize its
undesirable effects.

4.6. Radioprotective potential of BV

Studies revealed that BV show radioprotective effects on the
harmful consequences of ionizing radiation. Bee venom protects
from the gamma and X-ray radiation in numerous assessment sys-
tems (Gajski and Garaj-Vrhovac 2009). Also, BV has antioxidant
efficacy and can neutralize free radicals and protect the body from
toxic radiation (Shaaban and Hamza 2019). BV defends the bone
marrow cells from chromosomal abnormalities (aberrations)
in vivo in the Wistar mice model (Varanda and Tavares 1998,
Bellik 2015). It also stimulates hematopoiesis as well as MCD-in-
duced histamine release, phospholipase A,-induced decrease of
blood oxygen pressure (Gajski and Garaj-Vrhovac 2009, Garaj-
Vrhovac and Gajski 2011). One of the BV component, PLA,, pos-
sesses a Foxp3 + CD4 + CD25 + Treg cell which has a defensive
effect towards severe lung inflammation caused by radiotherapy
(Hossen et al., 2017a, 2017b). Moreover, BV treatment consider-
ably reduces the level of both, IL-6 and TNF-o, after exposure to
gamma radiation (Park et al., 2004, Shaaban and Hamza 2019).
Also, BV through the decline of higher hepatic NF-kB expression,
efficiently reduces the serum AST (Aspartate aminotransferase),
LDH (Lactate dehydrogenase), CK-MB (Creatine kinase myocardial
band), ¢Tnl (cardiac troponin 1) and ALT levels in Wistar mice
increased after the gamma radiation. (Darwish et al, 2013,
Shaaban and Hamza 2019).

Research declared that BV has the radioprotective potential for
oxidative and basal DNA destruction (Gajski and Garaj-Vrhovac
2009, Garaj-Vrhovac and Gajski 2011, El Adham et al., 2022). The
administration of melittin 24 h before exposure to the X-rays
(8.5 Gy), significantly increases the survival rate in the mice model
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(Varanda and Tavares 1998). Also, BV protects peripheral blood
lymphocytes of the human from harmful gamma radiation
(Varanda and Takahashi 1993, Varanda and Tavares 1998). Simi-
larly, the components of BV reduce chromosomal damage to bone
marrow cells induced by radiation in Wistar mice, reducing the
number of cells having chromosomal abnormalities along with
aberration frequency as well as fragments in an animal model
24 h before irradiation (3-4 Gy) than radiation subjected group
individually (Varanda et al, 1992, Gajski and Garaj-Vrhovac
2009). A similar experiment revealed the radioprotective mecha-
nism of BV when applied to an animal model (blood lymphocytes)
24 h before exposure to radiation (3-4 Gy) (Varanda and Takahashi
1993). The use of modern technology and non-ionizing radiation in
all spheres of human life, has increased in recent years, increasing
the number of harmful effects on the human body. As BV shows
radioprotective capability against X-rays and gamma radiations
in various experimental trials, it is proposed that BV can be used
as a nontoxic and effective radioprotector agent in the future.

4.7. Anti-diabetic activity of BV

Bee venom contain many beneficial therapeutic activities
against various diseases of human being including Diabetes melli-
tus. Diabetes mellitus is a common human disease characterized
by hyperglycemia and hyperlipidemia and other defects. The use
of both metformin (an oral diabetic medicine) and BV show anti-
diabetic activity in diabetic mice (Sattar 2022). Previous studies
have shown that melittin improves the synthesis of insulin by
downregulating the inflammatory process of pancreatic Islets
(Pollak 2014, Sattar 2022). Additionally, melittin also depolarizes
pancreatic Islets cell membrane which opens Ca?* channels and
permitting Calcium ions enhanced entry and activating B-cells to
synthesize insulin (Mousavi et al., 2012, Zahran et al., 2021a,
2021b, Sattar 2022). The administration of BV renovated the usual
physiology and anatomy of the pancreas because of its anti-
inflammatory and antioxidant activities (Kim et al., 1999, Sattar
2022). In another study, two types (different concentrations) of
BV were used for 35 days against alloxan-induced diabetes melli-
tus in a mice model. Authors conclude that BV improved insulin
production and glucose control as well as diminished infertility
alterations (AL-Shaeli et al., 2022a, 2022b).

Furthermore, the administration of BV reduces cholesterol and
triglyceride (TG) levels, and concentration of glucose while
improving the level of HDL (high-density lipoprotein) and insulin
production in diabetic mice (AL-Shaeli et al., 2022a, 2022b). Also,
Melittin and phospholipase A2 can improve the level of insulin
and glucose and cure the inflammation in islets of Langerhans
(Elkotby et al., 2018, Zidan et al., 2018, Zahran et al., 2021a,
2021b). Additionally, BV also restrains the synthesis of free radicals
and proinflammatory cytokines which may trigger the death of -
cells (Badr et al., 2016, Zahran et al., 2021a, 2021b). BV is alterna-
tive medicine for various diseases, including diabetes mellitus and
obesity. Currently, the clinical use of BV as an anti-diabetic agent is
limited but the ongoing research findings will clarify incomplete
and contradictory findings and make BV a better remedy for the
treatment of diabetic patients in the near future.

5. Bee venom safety

As we have already mentioned, the current findings on the
safety of BV are incomplete and contradictory. Nowadays, BV is
considered a preferable therapeutic remedy to synthetic medicine
against many diseases. But the application of BV sometimes causes
allergic and anaphylactic reactions, depending on the individual
immune system and the dose given. The components of BV such
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as phospholipase A2, melittin and hyaluronidase are the main
allergens of BV. In sensitive people, the administration of 100 pug/
mL BV to the human body, can cause severe implications such as
limb paralysis, pain, dyspnea, nausea, unconsciousness, and lym-
phocyte instability etc. Moreover, the doses from 2.8 mg to
3.5 mg of BV/kg of human body can be lethal (LD50) for an allergic
individual. The severity of BV application mainly depends on the
individual body weight, age, number of stings, immunity and pre-
viously sensitivity (Pucca et al., 2019). The effect of a bee’s sting on
the host body can be local or systemic. The local reaction include
redness of the sting site, swelling and oedema (Annila 2000). The
systemic reactions depend upon effects of the allergens present
in the venom which can develop angioedema, urticaria, vomiting,
pruritus, and diarrhea in allergic patients (Fitzgerald and Flood
2006). Furthermore, some occasional clinical trials also showed
Fisher’s syndrome, peripheral neuritis, optic neuropathy, bilateral
empyema, septicemia and acute inflammatory polyradiculoneu-
ropathy after bee sting (Pucca et al., 2019). Therefore, the knowl-
edge of allergic reactions and side effects of BV should be the
present and future research focus. New knowledge of BV safety is
of great importance for clinical practitioners to avoid the negative
aspects and hazardous consequences of this fundamental bee
product.

6. Conclusive remarks and future studies

Bee venom has been traditionally used as a natural therapeutic
medicine for centuries. Today, crude BV or its components are used
for the treatment of various diseases such as cancer, arthritis, neu-
rodegenerative ailments, inflammatory disorders, liver problems
as well as skin infections in many countries of the world. Moreover,
BV possesses anti-cancer and antimicrobial activity. Previous stud-
ies improved our knowledge about BV composition and its
biomedical application. However, the clinical application of BV is
limited. Also, extraction technologies still need further standard-
ization which would be sustainable. Therefore, future studies
should have greater focus on BV and its specific components, as
well as its physiochemical activities and medical performance. In
that way, BV will have a greater application in advanced medicine.
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