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Abstract

Bee venom (BV) therapy was used to treat various diseases. It is a tiny essential peptide with a powerful hemolytic feature composed of a
known series of amino acids. Since melittin is a non-specific cyjtolytic pejptide attacking lipjid mjembranes which contribute to toxicity, it
is suspected that it could have important therapeutic benefits. This study aims tjo use a multi-biomarker approach to assess the cytogenotoxic
efifects ojf melittin ijn periphjeral blojod lymiphocytes of mice and thie molejcular mechanjisms involjved. Control and treatment groups are
divided into one hundred and fifty mice. Bee venom has been combined with four separates dose of melittin in the peritoneal (500, 350, 300
and 250) pg/ml. The results of the experiment showed that significant difference in the first group which injected with melittin intra peritoneal
0.2 ml and the second group in mitotic index (MI), where the differences were respectively 8.00 + 0.56 for the first group and the second
group 6.90 + 0.31. In the case of micro nuclei examination, we also showed significant differences in the third group, where the difference
was 14.7 + 0.29. In the case of micronuclei examination, also there were significant differences in the third group, where the difference was

14.7 £0.29.
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INTRODUCTION

Africanized honey bee-AHB (Apis mellifera L.) produces
the bee venom (BV), a complex mixture of proteins, lipids,
amino acids, carbohydrates and peptides such as melittin and
apamine. Many studies have studied bee venom and
melittin's  biological and pharmacological functions,
indicating that they have radio-protective, anti-
inflammatory, antibacterial, antiviral and anti-cancer
activities (1). Melittin (C131H229N39031) is the main
component of HBV (2), and it accounts for about 50% of
venom's dry weight (3). The cationic peptide is made up of
26 amino acid residues, and has five positive bond-free
charges (4). The amphipathic properties of Melittin help the
peptide bind with the phospholipid membranes and turn
them into a water-soluble compound (5). Of red blood cells
too, Melittin has elevated hemolytic activity (6). Several
studies have shown that Melittin prevents apoptosis,
necrosis and lysis induction from the proliferation of
various cancer cells (7).
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Melittin molecular structure, determined from crystals grown
in aqueous solutions is a bent a-helical rod. The bending is
due to the presence of proline, a feature common to anti-
microbial and toxin peptides, and has a molecular weight of
2.86 kD and high aqueous solubility. Melittin also appears to
have toxic side effects as some of the other individual
compounds in BV (8). There are numerous biological
activities in this peptide, including high anti-inflammatory
activity (9). BV toxin has also been used to treat some
immune-related diseases, notably rheumatoid arthritis, in
aqua acupuncture therapy.
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Using traditional oriental medicine, satisfactory results are
obtained (10). Many studies examined the biological and
pharmacological activities of bee venom toxin. Anti-
inflammatory and anti-rheumatoid arthritis effects (11),
pain-relief effect (10), anti-cancer cell proliferation (12, 13).

Therapeutic Uses of Bele Velnolm (BV)

“Although bele velnom is a tolxin that beles usle to
defend against rivalls, numelrous rlecent repolrts on the
benleficial functlions of blee venlom show that it has rladio-
plrotective (14), anlti-mutlagenic (15), alnti-nocicepltive
(16), aniti-calncer (17) and alnti-infllammatory acitivities
(18).”1

1-Anti-Inflammatory:  Inflammation is a primary
mechanism of immune response triggered by any
disturbance that poses a real or perceived threat to
homeostasis, such as infection, trauma or contaminant
penetration (19). However, the progression of various
diseases such as rheumatoid arthritis, cardiovascular
disease, diabetes, obesity, inflammatory bowel disease,
asthma, and CNS-related diseases such as Parkinson's
disease and Amyotrophic Lateral Sclerosis (ALS) may be
caused by chronic inflammation (20). Multiple recent
studies refer to several anti-inflammatory pathways of
melittin through different types of disease models.

2- Neurodegenerative Disease Application: In vitro assays
showed the promise of Melittin as a neurodegenerative
disease prevention agent. Melittin has a strong suppressive
impact on BV2 microglia's pro-inflammatory responses,
indicating that melittin could have the ability to cure
neurlodegenerative diselases witlh milcroglial actlivation
(21). Melilttin suplpresses NO and INOS expressilon by
blocking NF-B activation in the BV2 microglial cell line that
is induced by LPS. Such results show that melittin
suppresses the expression of CIOIX1/12-IPIGIE2| resullting
iln antli-in/flammlatory plroperties. Meanlwhile, Hlan et
all. used the SH-SYSY human neuroblastoma cell line (22)
to inve|stigate thle anlti-apoptlotic effecits of melittlin iln an
H202-induced cytoltoxicity system. Treatment with
melittin incrleased clell vilability and reduced fragmentation
of apopltotic DINIA. Mellittin inhiblited thie delcline in
alnti-apolptotic falctor |1Bcll-2 expresision induced by
H202 and increased Bax expression of the plro-apoptlotic
falctor.

3- Application for Atherosclerosis: In vitro studies show the
effect of melittin on vascular smooth muscle cell
proliferation and apoptosis (VSMCs). As an essential
mechanism for the apoptosis of VSMCa grown mouse, the
NF-B signal pathway was examined. Melilttin nolt onlly
suppresses phosphorylation of the plaltelet-derilved griowth
factlor (PIDIGIFIR)-tyrlosine, blut alslo intracellular
downlstream sig|nal transdulction iIn ralt alortic VSIIMICla
(23) anld bloicks PDGRF-induced AKT phosplhorylation
(24). Furthermore, melittin therapy marginally suppresses
phosphorylation of extracellular signal-regulated kinase 1/2,
an upstream NF-B signal. Melittin therapy also increases

pro-apoptotic protein expression, including p53, Bax, and
caspase-3, but reduces anti-apoptotic protein expression Bcl-
2 (24).

Adverse Effects of Melittin

Melittin is the main component of the apitoxin and
is recognized as a peptide of allergy. Death and cell lysis are
also blamed for it. Accumulated melittin peptides interrupt
phosphorus lipid packaging in the cell membrane,
contributing to lysis of cells (1). Melittin allows plasma
membranes and intracellular membranes to lysis.
Phospholipase A2 (PLA2) of melittin and bee venom shows
synergistic activity with lipid membranes leading to cell
damage (25).

1- Allergic Reactions

“Hymenoptera species venom allergy is a classic IgE-
mediated allergic disease caused by the interconnection of
receptor-bound IgE antibodies on the surface of mast cells
and basophils. Hymenoptera venom allergy is one of the most
severe reactions of hypersensitivity to the high risk of
anaphylactic reactions to the potentially fatal outcome (26).
Melittin has been considered a bee venom allergen since the
1970s showed that it induces an IgE response in
approximately one-third of patients with honeybee venom-
sensitivity (27), and Melittin appears to be allergenic in
numerous patients (28).”

2- Hemolysis, Cytotoxic Effects

“Melittin, the active apitoxin or bee venom agent, is a
transmembrane protein, forming small pores on the
membrane of the cell (29). When melittin binds to the cell's
lipid membranes, toroid-shaped pores are formed, enabling
the leakage of tens of kDa molecules. Depending on the
concentration of melittin it results in changes in the
permeability of the cell membrane. Melittin was extensively
studied as a pore-forming protein from various aspects
including its composition, binding mechanisms, and
processes of pore-forming (30). Due to its fascinating
relationship with lipid membranes and its pore-forming
capability, melittin has the potential to be used for various
applications including antimicrobial, cell-selective attack and
substance translocation by modifying the permeability of the
membrane (31).”

3- Genotoxic Effects

It has been shown that peptide melittin in bee venom
exhibits antitulmor actilvity (32). Melilttin ils stated to have
the calpacity folr anititumor aind ils islolated froim blee
vlenom, working on the physiology of cancer cells through
different mechanisms (33). Thle cytotloxicity olf mellittin iln
tumlor celll lilnes aInd ilts actilon oln signalling palthways
wals indicated tlo contribute to cell proliferation inhibition
(34).

In contrast, melittin interacts with the cell's variety of
metlabolic funcitions anld pathwlays and disturbs the plasima
melmbrane which caluses chalnges iln thle enzyme cycle. It
may also theoretically introduce phospholipid bilayers (35)
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into the cell membrane due to its lytic behavior.

Material and Method
1-Api toxin collection

Honey bee venom for analysis were collected from
Kut province over sequential apiculture seasons during the
period 2016-2018, by invigorating the bee with electric
current pulses (36), and then stored at 40C in the dimness.

2-Anylsis of bee venom by HPLC

The standard melittin wlere sepalrated oln FILIC
(Flast Lilquid Chromlatographic) by using HCMA
BIO1000C-1131 ,8Ipniml palrticle silze (161 .141x1015]
mimIL.DI) collumn.

Molbile phalse 0.1% trichloro acetic acid (TCA) in
deionized water, 0.1% trichloroacetic acid (TCA) in
acetonitrile, graldient prolgram frolm (I 100%- 1%I101BI) folr
8 mlinutes, deltection UIV slet alt 215 nim, at room
temperature. Flolw ratle 1.0ml|l/miln, injection volume 50pul.

Thle selparation occlurred on Shimadzu 10AV-LC
ligluid chromaltography fitted with |LIC-10A shimadzu
binlary distribution pulmp design, UV-Vis 10APD
spectrophotometer tracked the eluted peaks.

3-Preparation of sample for HPLC

The bee venom solution was prepared by dilution of
0.5 mg of lyophilized bee venom in 30 ml 0.1% trichloro
acetic acid (TCA) for HPLC tests. Then agitated in ultra-
sonic bath for 5 minutes, the extract was distilled on
Whitman filtered paper 0.5 um to eliminate the fibers and
undissolved material, then 2 pug / ml of analytical quality was
collected, then 40 pl of aqueous filtrate was inserted into the
HPLC column, analyzed on the HPLC column in a different
environment for quantitative detection of active
constituents. (37).

This experiment was carried out in the laboratories
of the Ministry of Science and Technology, 175 white mice
were used in the experiment which divided into 7 groups, 25
animals for each group. The first group (T1) of injected intra
peritoneal with 0.2 ml distilled water and considered as
control while the other six groups were injected intra
peritoneal with 0.2 ml of bee venom extract which was
previously extracted by HPLC. The six groups treated with
melittin extract with different concentration as the following
(500, 350, 300 and 250) pg/ml. Equipment belonging to the
Ministry of Industry/Al-Razi center for research and medical
kits production. The animals were housed in the same
position above. The mice were divided into five groups in
appropriate plastic cages controlled with a separate bottom
and kept at room temperature and fed to a stable balanced
diet.

Laboratory animals have been divided into (5)
groups and in each group there were (30) white mice.

The first group had injected with (Intra peritoneal) (IP) with

(0.2 ml) dose, with concentration of 500 pg/ml.

The second group had injected with (IP) with (0.2
mL) dose, with concentration of 350 pg/ml.

The third group had injected with (IP) with (0.2mL) dose,
with concentration of 300 pg/ml.

The fourth group had injected with (IP) with (0.2 mL) dose,
with concentration of 250 pg/ml.

The fifth group had injected with (0.2 mL) distilled water
(D.W) by the (IP) and considered as a control group.

After the injection, the clinical signs were observed in
the experimental animals, the harvesting was imposed after
two weeks. Bone marrow samples were collected and divided
into two groups. The first was to carry out the mitotic cell
division (M), where colchicine (Opocalcium 1 mg, Mayoly-
Spindler) was used with a dose of (0.2 ml) at the
concentration of (0.02 mg/10 ml), which was injected Intra
peritoneal two hours before to the animals in order to stop the
cell growth in the stage of cellular division that is passing
through. The cells were obtained from repeated washing of
the femur cells with a solution of phosphate buffer solution
(PBS). The second group, the micronuclei test (Mn) that has
been obtained from repeated washing of the femur with AB-
plasma.

The samples were treated with hypotonic solution KCL for
(30 minutes) in the incubator with shaking each (5) min then
washed with an installed solution (fixating solution) for the
purpose of stabilizing the cells. The cells were then placed in
clean glass slides by dropping to read the changes in the cells
after staining by the Giemsa stain (38).

Cells were calculated according to the following equation

No. of divided cell

MI % (mitotic index) = % 100

Total count
No. of micronuclei

MN % (micronucleus index) = % 100

Total count PCE

PCE: polychromatic erythrocyte
Experimental Design and Data Analysis

This study used a total randomized method of design
consisting of four treatments and control. The number of mice
used to test the mitotic index and micronuclei were the
parameters measured. Data are analyzed using variance
analysis (SPSS).

Results

Statistical analysis was conducted to extract the
means [ standard division. Significant differences between
the mean were tested by using the Duncan polynomial test
(39), to test the differences between the means in the
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intervention trials to compare the treatment groups with
different doses of bee venom and control group. By using F-
test (40).

Table (1): Result of blast index, mitotic index and
micronuclei assay

Sample Bl% MN% MI%
C d40.76 + 852 | a4.13+0.74 A 2.20+
0.13
G1 d51.70+£3.53 | b12.70£0.56 | Bc 8.00
0.56
G2 B 6.90+
c51.156+1.56 | b12.72+£0.39 0.31
G3 c 5.62+
ab55.47+1.18 | c14.7+£0.29 | 1.05
G4 A 3.00%
abh54.55+0.88 | a6.20+0.21 0.35

Rates that carry different letters within each column differ
significantly Probability P < 0.05

To determine the effect of bee venom on genetic material,
we are used important criteria, including mitotic index (MI)
and micro nuclei (MN). The results of the experiment,
especially in mitotic index showed that there were
differences between the groups at the level of significant
P<0.05, where the first group and the second group over the
third, fourth and control group. While there are no
significant differences between the first group and the
second. Also the results were similar in micronuclei assay,
where the differed significantly in the first and second group
from the other groups.

Figure (1): Mitotic Index and Blast Index

Discussion

The results showed that the lymphocytes in the third and
fourth groups significantly outperformed the probability
level (P < 0.05) on all groups. While the first group
significantly outperformed the second group and control.

In the test of micro nuclei, the results showed that the third
group was significantly outperformed at the probability level
(P < 0.05) on all groups and the control group, while the
fourth group showed no significant difference from the
control group. The first and second groups showed a
significant difference from the fourth group when (P <0.05).

In the case of mitotic cell division, the results showed that the
group’s first, second, and third significantly outperformed the
fourth group and the control group at the probability level (P
< 0.05), while the fourth group did not show a significant
difference from the control group.

Melittin inhibits neutrophil superoxide development
(41, 42). Melittin is also known for its human erythrocyte
cells ' elevated lytic activity. This binds directly to
erythrocytes, releasing hemoglobin. It is stated that 1,8107
molecules / cell and 30 nM respectively are thle maxilmum
ability and thle appalrent dissocliation consitant folr mellittin
bilnding tlo humlan erlythrocytes. When melittin causes
hemolysis, erythrocyte swelling is observed following cation
leakage from the cells membrane. Melittin increases ion
permeability in its initial phase and hemoglobin release is
followed (43). Melittin is dose-dependent and time-
dependent for human peripheral blood lymphocytes
(HPBLs). This contributes to granulation, changes in
morphology, and eventually cell death (44).

Melittin in HPBLs can increase damage to DNA.
Melittin  modulates apoptosis-related gene functions,
response to DNA damage, and oxidative stress. The
genotoxicity detected correlates with reduced rates of
glutathione, enhanced production of realctive oxyglen
spelcies, incrleased actilvity olf phosphlolipase IC| anld lilpid
perolxidation, suggesting oxidative stress activation (44).

According to membrane protein aggregation,
hormone secretion and/or altered membrane potential these
melittins may be associated with morphological changes in
membranes. Melittin, on the other side, can cause a number
of enzymes, including G-protein, protein kinase C, adenylate
cyclase and phospholipases (45). Melittin also stimulates the
function of phospholipase A2 (PLA2) and has multiple
effects on living cells. Since melittin is a non-specific
cytolytic peptide that affects all lipid membranes, resulting in
considerable toxicity, it is suspected that it can have
important therapeutic benefits (35, 46). Micrlonuclei
(IMINI) arle extlra-nulclear bodlies thalt conltain damlaged
fralgments of chiromosomes and/or entirle chrlomosomes
thalt after cell division have not been integrated into the
nucleus. MN can be caused by cell repair machinery failures
and DNA damage accumulation and chromosome
aberrations. A variety of genotoxic agents can lead to the
formation of MN lealding tlo celll dleath, genolmic
instlability or devielopment of cancer (47). Micrlonuclei
teslting lis commonly usled folr thle genotoxicity analysis olf
various anl|ti-canlcer drulgs. Adrialmycin isl a highly
mutag|enic antlhracyclline drulg that increases the frequency
of MN up to 11-151 -0Iflold and greatly reduces clelll surlvival
(48). Miclronuclei are tliny elxtra-nucliear boldies wihich
derlive frlom acelntric chrlomatid / chromolsome fragiments
olr wholle chrlomatids / chromlosomes tihat flall belhind thle
dividling celll analphase alnd are not used during telophase
iln thle mailn nuclelus. Rather, they are enveloped by the
nuclear membrane and mimic the mother nucleus '
configuration, although much smaller in length (49). Acentric

Journal of Pharmaceutical Negative Results | Volume 13 | Issue 4 | 2022 -




Huda Sajer Nassir et al: A Cytogenetic Study of the Effect of Bee VVenom on the Genetic Material in the Laboratory Mice

chromatid / chromosome fragments typically emerge from
severe DINIA dalmage sulch als DSIBs which result in
realrrangements anld swlaps of asymmetric chromosomes
when misrepaired. Whiole chrom|atids or chrolmosomes in
MIN alre prioduced durling analphase dule tlo deficliencies
in chromlosome segrelgation uslually caulsed bly miltotic
spilndle loss, kinetlochore disruption, centromer DINIA
hypo methylation, and celll cyclle colntrol systlem
deficiencies (50).

Conclusion

In summary, this study demonstrated despite the
therapeutic indications for bee venom, excessive high doses
of it may cause side effects. Where we notice that there is a
damage in the genetic material at high doses, and this is
represented by the increase in the rates of Micronuclei,
Mitotic index and Blast index. The breakdown of the
genetic material is take place in several forms, including the
ring chromosome.
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