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Abstract

The widespread prevalence of bacterial resistance to currently available antibiotics has led to search for non-
antibiotic agents to combat infections caused by these bacteria. This study aimed at evaluating the role of whole
honey bee venom (WBV) produced by Apismellifera bees in combating rabbit skin infection produced by Methicillin
resistant staphylococcus aureus (MRSA). Both in vitro and in vivo testing of susceptibility of MRSA to WBV were
tested. In vitro testing showed complete inhibition of MRSA growth by WBV on the agar plate compared to normal
saline. For in vivo testing, three different skin regions on the chest and abdomen of six adult laboratory rabbits
were inoculated separately by MRSA alone, WBV alone and a combination of both agents. Two macroscopic skin
lesions, local swelling and necrosis in the tested regions were inspected and quantitatively scored daily for a total
of 5 days. No significant swelling reported in any animal when injecting WBV alone compared to moderate/severe
swelling in all 6 animals when using MRSA alone. A combination of WBV/MRSA didn’t produce skin swelling too.
For local skin necrosis, no necrosis developed in areas inoculated with WBV alone in contrast to its occurrence in
5 / 6 animals inoculated with MRSA alone. With WBV/MRSA combination, 5 animals (83.3%) showed no necrosis
and in remaining one only slight necrosis developed. The study concluded that WBV has a therapeutic potential
to combat Staphylococcal skin infection as the majority of tested rabbits didn’t develop infection with the use of
WBV/MRSA combination.
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INTRODUCTION

The spread of methicillin resistant
Staphylococcus aureus (MRSA) across the world
becomes a real public health concern over the past
20 years'?. In spite of decreasing mean prevalence
of MRSA in Europe the United States and Canada,
the situation is different in most countries with still
a high rate of MRSA prevalence from 15% to 45%
3

In Australia, the prevalence showed an
increase from 12% in 2000 to 19% in 2013 * while
in other regions such as Latin n American countries
and India, the prevalence of MRSA is estimated to
be > 80% and 41-80% respectively **.

The search for alternative modes of non-
antibiotic therapeutic agents to combat these
resistant bacteria is agent ongoing all over the
world. One of these potential modalities is natural
substances extracted from animals and plants with
WABYV as an example.

The venom of the honey bee is a thick
colorless liquid which has a hot-bitter test. It
consists of a mixture of protein that produces local
inflammation. Honey Bee Venom (Apismellifera)
contains anticoagulation factors and increases the
blood-clotting time. It is considered to be one of
the rich sources for a new component which is
used in applicable medicine and biochemistry °.

Apitoxin is one of the most important
substances thatis produced by honey bee. The main
composition of whole honey bee venom (WBV)
are low molecular polypeptides and enzymes.
Peptides such as the mast-cell-degranulating
(MCD) peptide, apamin, adolapin and melittin. The
enzymes, such as hyaluronidase, phospholipase
A, (PLA)), a-D-glucosidase, lysopphospholipase,
a-acetylamino-deosiglucosidase, arylamidase
and phosphomonoesterase acid esterase.
Moreover, the WBV contains biologically active
amines such as histamine and epinephrine
and non peptidedrivaties which have different
pharmaceutical actions were described by many
others ©. Therapeutic application of anti-arthritis,
pain-releasing, and anti-cancer effects of bee
venom and its constituent compounds ’.

Melittin in BV consists about 50% of the
dry weight, it has many potential effects such as
antiviral, anti-bacterial and anti-inflammatory
action in a different type of cells ®°.

A recent study showed that BV has an

anti-bacterial action against inflammation of skin
diseases™.

A study showed the topical application of
BV on the skin caninduce cell regeneration process
and that will accelerate the healing of the skin™.

It was found that innate immune response
in the inflammatory skin disease increase in the
use of BV, due to the expression of inflammatory
gen as a result of the transcription factor NF-kB
signalling pathways 2.

MATERIALS AND METHODS
Manual collection of bee venom

The bees were collected from the hive
and stored in a small closed glass tube at -18°C to
become motionless. The sting apparatus of the
insect were removed using the fine tip tweezers
under the stereomicroscope. The sac of venom
was pressed and the venom collected using a 20-
pL microcapillary tube®®. The collected venom was
stored at -18°C until it is utilized for further analysis
for antibacterial effect.
Bacterial Culture

Methicillin resistant Staphylococcus
aureus was obtained from the microbiology
laboratory in Al SADR teaching hospital / Basra
often its proper identification and detection
utilizing routine laboratory tests and by the Vatic2
system.
In vitro testing of MRSA susceptibility to WBV

0.1 ml of a suspension of MRSA was
cultured on previously prepared Mueller Hinton
agar and incubated at 37°C for 24 hours. Two holes
were made on the surface of the planted agar using
a metal perforator. To the first hole, 0.1 ml of whole
Bee venom was added and some volume of normal
saline (0.1ml) was added to the second hole to
act as a control and incubated for an overnight.
Inhibition zone around venom loaded hole was
observed in the next day in contrast to the absence
of bacterial growth inhibition around the normal
saline hole.
Experimental animals

The therapeutic application of whole bee
venom was tested by using 6 adult rabbit weight
from 1200-2000 gram, the rabbit were purchased
from the animal market.

The tested area of animals (both side of
chest and abdomen) were prepared by clipping
the hair using scissor, then the short hair were
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completely removed using hair removal solution.
This process was carried out several days before
animal inoculated.

The tested area of animals were divided
and inoculate into three regions; bacterial
inoculation alone, whole bee venom sting alone
and both.

The inoculated area was disinfected by
using 70% ethanol (Disinfectol®, 102 Chem-Lab
NV, Zedelgem, Belgium). After five minutes for
ethanol evaporation, a 0.1 ml of saline solution
containing 10%cfu of tested bacteria was injected
subcutaneously into each region of rabbits by
means of a tuberculin syringe and a 22 gauge
needle.

The shaved skin of rabbits was stung by a
honey bee that collected at the entrance of a hive.
The sting was left on the skin for one minute to
ensure deliver about 90% of venom in the sac of
honey bee *. The immediate sting of the bacterial
inoculated area was performed in the tested
region of the skin to assess the synergistic effect
of the honey bee venoum in the skin.

The macroscopicskinlesions development
in the animals were inspected daily using Vernier
caliper measurement.

Description of Skin Lesions

The appearance, the development
and the size of an abscess on the rabbit skin
were scored since after 24-48 hours of bacterial
inoculation, the skin of rabbits showed a significant
local reaction.

Two parameters and macroscopic
appearance of lesions were recorded for 5 days.
The elevated diameter of swelling was scored
into negative (< 2mm), small (2-5mm), moderate
(6-10mm) and severe (>10mm).

Secondly, the area of necrosis of the
tested regions was divided into negative, slight

(<2mm), moderate (2-5mm) and intensive (>5mm)
15

RESULTS

In vitro, the result showed the
antimicrobial effect of whole honey bee venom
against MRSA. In which, a complete inhibition
growth of MRSA occurred.

For macroscopic swelling in the tested
area of skin, 2 out of 6 animals showed swelling
of less than 2mm (i.e. negative) when bee stings
alone were used in contrast to the appearance of
moderate to severe local swelling

In all MRSA inculcated animals. For those
areas inoculated with both MRSA and bee venom,
only one out of six animals showed swelling less
than 2mm (i.e negative ) as shown in table 1.

The severity of skin necrosis (Table2)
showed that no necrosis (except redness of the
skin) was recorded in all animals when stung with
honey bee alone in contrast to the occurrence of
necrosis in five animals that were inoculated with
MRSA alone. In these animals, intensive necrosis
was recorded in 3 and slight and moderate in one
for each.

For those animals inoculated
simultaneously with both MRSA and bee venom,
no skin necrosis was reported in five animals and
in the remaining sixth rabbit, the area of necrosis
was less than 2mm (i.e. slightly).

The severity of the skin necrosis was also
examined in vivo (Table 2). All the animals showed
no necrosis (except redness of the skin) when sting
with honey bee alone,

Table 1. Appearance of swelling on the skin of the six adult rabbits after stings with honey bee venom

and subcutaneous inoculation with MRSA.

Size of Bee stings Inoculated animals Both bees sting animals and

swelling animals with MRSA inoculated animals with MRSA
Nil(negative)(<2mm) 2 0 1

Small(2-5mm) 0 0 0

Moderate(6-10mm) 0 3 0

Sever(>10mm) 0 3 0

Total of six animals 2 6 1
Journal of Pure and Applied Microbiology 2113 www.microbiologyjournal.org
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Table 2. Appearance of the necrosis on the skin of six adult rabbits after stings with honey bee venom

and subcutaneous inoculation with MRSA.

Degree of Bee stings Inoculated animals Both bees sting animals and
necrosis animals with MRSA inoculated animals with MRSA
Nil (Negative) 0 0 1
Slight(<2mm) 0 1 0
Moderate(2-5mm) 0 1 0
Intensive(>5mm) 0 3 0
Total of six animals 0 5 1

DISCUSSION

In recent years, there is an increase in
the use of natural products to act as antimicrobial
agents. The rationale for this shift to natural
products is increasing in the rates of resistance
of bacterial pathogens to the availability of
chemotherapeutic agents and antibiotics, in
addition to the reduction in the effectiveness of
these agents 620,

One of these natural products is honey
bee products which had been studied extensively
for their potential for a variety of therapeutic
applications 2+,

Several studies confirmed the usefulness
of using bee venom to treat different kinds of
ailments such as accelerating wound healing
alleviating musculoskeletal and back pain and
treatment of angiocardiopathy, arthritis, skin
disease and different cancers 2%,

Several studies confirmed the
antimicrobial activity of venom of honey bee
2326 particularly Staphylococcus bacteria such as
Staphylococcus mutant 22377 |t is well known that
Staphylococcus bacteria are capable of producing
skin infection and necrosis that may have profound
health negative effect on the patients 252°,

In the current study, the effect of whole
bee venom was tested on skin infection induced
by inoculation of MRSA into rabbit skin. Most of
the animals showed no skin infection or necrosis
when inoculated simultaneously with both MRSA
and by bee venom in contrast to those animals that
were inoculated with MRSA alone which showed
moderate to severe degrees of skin swelling
and necrosis in all. These results confirmed the
therapeutic ability of bee venom on curing skin
infection produced by Staphylococci.

Melittin is the component in bee venom
that was found to act as an antibacterial, anti-

inflammatory agent in addition of inhibition of
cell growth and apoptosis of many cancer cell line
31-33 Melittin was also found to have an obvious
effect that accelerates healing of skin wound and
to result in small size scar. A study conducted by
Alia et al & in 2013 confirmed that milittin in bee
venom had reduced the time of wound healing of
skin from eight to five days as well as reducing the
size of scar formed on the skin.

In addition to melittin, phospholipase A2
in bee venom is another fundamental compound
which was shown to have an antibacterial and
anticoagulant effect phospholipase A2 plays as
an important role in the generation of chemical
mediators, cell proliferation and in the anti-
inflammatory process .

Many studies showed that melittin
possessed a broad spectrum antibiotic effect 37,
A study conducted by Choi et al, in 2015%. Showed
that mllittin reduce the presence of bacteria on
the wound surface in addition to the acceleration
of the rate of healing of the wound. It was found
that melittin in bee honey will increase the action
of phospholipase A2 against both Gram positive
and Gram-negative bacteria 8.

The antimicrobial effect of melittin
against the Gram-positive bacteria, particularly
Staphylococcus aureus may be attributed to the
fact that it may target the lipid bilayer of the
membrane of bacteria *.
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