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Abstract: Escherichia coli K99 (F5) strain is one of the bacterial agents that cause calf deaths. F5 is an adhesin that allows pathogenic E. coli 
attach to the small intestine cells and colonize there. The presence of F5 in E. coli strains in isolated bacteria is classified as Enterotoxigenic. 
Bee venom and bee venom-derived exosomes are bioactive compounds that exhibit antimicrobial and antibiofilm activity. The aim of 
this study is to demonstrate the antimicrobial and antibiofilm activity of bee venom and bee venom-derived exosomes against E. coli, 
which cause calf diarrhea. Bee venom-derived exosomes and bee venom effects against E. coli strains were determined by using Minimal 
inhibition concentration (MIC), antibiofilm activity, fractional inhibition concentrations (FIC), and measurement of L929 cells viability 
ratio. Cell damage was examined under a fluorescent microscope by an immunohistochemical method. In our study, the MIC value of 
the bee venom-derived exosome was determined as 1.95 µg/mL. A synergistic effect was detected with a value of 0.44 in combinations of 
amoxicillin with clavulanic acid. Antibiofilm activity was determined at the rate of 48.8% in bee venom, while bee venom-derived exosomes 
inhibited the biofilm layer by 60.4%. In L929 cell lines, combination groups have been reported to reduce viability. Bee venom-derived 
exosomes are more effective on bacteria than pure bee venom. In conclusion; It is important that the bee venom-derived exosome, which is a 
biocompatible molecule and acts as a cargo element, exhibits antimicrobial and especially antibiofilm activity and is an alternative approach 
against increasing antibiotic resistance. 
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Escherichia coli K99 Suşuna Karşı Arı Zehiri ve Arı Zehrinden İzole 
Edilen Eksozomun Antimikrobiyal ve Antibiyofilm Etkinliğinin 

Değerlendirilmesi

Öz: Escherichia coli K99 (F5) suşu buzağı ölümlerine sebep olan bakteriyal etkenlerden biridir. F5, patojenik E. coli suşlarının bağırsak 
hücrelerine yapışmasını ve ince bağırsağı kolonize etmesini sağlayan bir adezindir. F5’in varlığı, bakteri izolatının Enterotoksijenik E. coli 
olarak sınıflandırılmasını sağlar. Arı zehiri ve arı zehrinden izole edilen eksozomlar, antimikrobiyal ve antibiyofilm aktivite sergileyen 
bioaktif bileşiklerdir. Bu çalışmanın amacı buzağı ishaline sebep olan E. coli,’ye karşı arı zehiri ve arı zehrinden izole edilen eksozomların 
antimikrobiyal ve antibiyofilm aktivitesini ortaya koymaktır. E. coli suşlarına karşı hem eksozom hem de arı zehirinin minimum inhibisyon 
konsantrasyonu (MIC), antibiyofilm aktivitesi ve fraksiyonel inhibisyon konsantrasyonları (FIC) ve L929 hücrelerinde canlılık oranları 
belirlendi. İmmünohistokimyasal olarak hücre hasarı floresan mikroskop altında incelendi. Çalışmamızda arı zehirinden izole edilen 
eksozomların MIC değeri 1.95 µg/mL olarak tespit edildi. Amoksisilin klavulonik asit ile yapılan kombinasyonlarda 0.44 değer ile sinerjik 
etki tespit edildi. Antibiyofilm aktivitesi arı zehrinde %48.8 oranında belirlenirken arı zehri eksozomu % 60.4 oranında biyofilm tabakasını 
inhibe ettiği tespit edildi. L929 hücre hatlarında kombinasyon grupların canlılık oranını düşürdüğü rapor edildi. Arı zehri eksozomları arı 
zehrinden daha fazla bakteriler üzerinde etkili olmaktadır. Sonuç olarak; biyouyumlu molekül olan ve kargo elemanı olarak görev yapan 
arı zehiri eksozomunun antimikrobiyal ve özellikle antibiyofilm aktivite sergilemesi artan antibiyotik direncine karşı alternatif bir yaklaşım 
olması önem arz etmektedir.

Anahtar sözcükler: Antibakteriyel aktivite, Antibiyofilm aktivitesi, Eksozom, Escherichia coli, Fraksiyonel inhibisyon konsantrasyonu, 
Sinerjistik etki
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Introduction
Resistance to antimicrobials has reached the level of 
red alert all over the world [1]. Although humanity won 
a great victory against microorganisms in the early 
days of the struggle that started with the discovery of 
antibiotics, this victory gained a great momentum towards 
defeat with factors such as resistance developed by 
microorganisms and internal mutations [2]. Unconscious, 
and excessive use of antibiotics, leads to appear resistance 
of microorganisms. Biofilm prevented antimicrobial 
drugs from penetrating at an effective dose [1,2]. This is 
how they managed to stay alive. In addition, they allowed 
the spread of mutant strains with their biofilm properties, 
which are a silent communication community [1,2]. Multi-
drug resistance struggle, which threatens human health, 
has recently started to be seen as a major threat in terms 
of animal health. Among these factors, Eschericia coli 
strains are among the effective pathogens in the transfer 
of antimicrobial resistance genes in cattle and milk E. 
coli strains, which cause calf deaths in particular [3,4]. 
Resistance to β-lactams and fluoroquinolones, which 
are widely used in human and veterinary fields, causes 
alternative searches. The resistance to the carbapenem 
antibiotics in human medicine reveals the importance 
of its precautions once again. In addition, reasons such 
as increased resistance with mutant strains and the 
inadequacy of available antimicrobials led to the search 
for new antimicrobial candidates with the same mode of 
action. Among the candidates in these searches, many 
bee products rich in bioactive compounds were also of 
interest. Data showing that bee venom (BV) and other 
natural products exhibit remarkable activity against 
various diseases have taken their place in the literature [3-6]. 
Bee venom, called apitoxin, has been used in the treatment 
of arthritis, rheumatism, pain, cancer, skin diseases and in 
the field of traditional medicine. Studies have shown that 
it has anti-inflammatory, antimicrobial and antioxidant 
activities [7-11]. The peptides determined in the bee venom 
have antimicrobial activity against some gram-negative 
and gram-positive bacteria. It has been determined that 
the bee venom has a synergistic effect, especially in studies 
conducted with combinations with antimicrobials. The 
synergy that exists in poison combinations with antibiotics 
such as vancomycin and amikacin is promising [5,12,13]. 
Bee venom contains biologically active amines, enzymes, 
peptides, and non-peptide components. 50% of the dry 
weight of bee venom is a peptide component called melittin. 
Melittin is a characteristic component, especially with its 
strong cytotoxic properties and antimicrobial activity [14]. 
Exosomes with a double lipid layer and nanoscale 
membrane vesicles are involved in intercellular signal 
trafficking involving protein regulation mechanisms. 
They are secreted from almost all cells and have the 

characteristics of the cell of origin [15,16]. They were 
detected in biological fluids, isolated from cell culture 
media, and have cell-specific cargo properties [17-19]. The 
cargo molecules in them are composed of lipids, protein, 
DNA, mRNA, miRNA, and sRNA (small RNA) [19]. In 
addition to all these cargo elements, exosomes also 
contain tetraspanins, which play an important role in 
cell penetration and fusion [20]. Thanks to all these cargo 
elements that mediate signalling to recipient cells or 
tissues, exosomes are promising to become a biomarker 
and therapeutic tool in the treatment of cancer and 
pathogens with their role in intercellular signalling, cell-cell 
communication, immune responses, cellular homeostasis 
and autophagy. Recently, in addition to mortality rates due 
to various cancer types, the high mortality rates caused 
by microorganisms with multidrug resistance make it 
necessary to develop new treatment methods urgently. At 
this point, more research is needed on the mechanisms 
of action of exosomes in order to use them as biomarkers 
in the diagnosis, prognosis, and surveillance of multidrug 
pathogens. In addition, the antimicrobial properties and 
carrier capacities of the vesicles need to be determined in 
order to use drug-delivery vesicles without undesirable 
side effects. Based on all these concerns and information, 
we aimed to determine the antimicrobial activity of bee 
venom and exosome and to examine its antibiofilm ability. 
We planned to examine the synergistic effects due to the 
Fractional Inhibitory Concentration Index-Combination 
FIC indices with antibiotics approved by EUCAST. We 
designed to investigate the MTT values formed in the cells 
according to the synergy concentrations and cell damage 
immunohistochemically.

Material and Methods
Ethical Approval

Since the E. coli F82 (O101:K-:F5(K99)+) bacterial strain 
used in our study is the reference strain, ethical approval 
is not required.

Bacterial Strain Production

Bacteria to small intestinal epithelial cells K99 (F5) fimbrial 
antigen in classical Enterotoxigenic E. coli isolates isolated 
from calves is the most commonly detected antigenic 
structure.  E. coli F82 (O101:K-:F5(K99)+) strain was stored 
in trypticase soy agar at room temperature.  Standard 
bacteriological methods were used  to isolate and identify 
the E.coli strain. E. coli strain was inoculated into Eosin 
Methylene Blue (EMB) medium and incubated at 37°C for 
24 h. Then, 108 CFU/mL suspension was prepared from 
the growing colonies according to McFarland 0.5 chart.

MIC Values

MIC values of bee venom and bee venom-derived 
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exosome compounds against E. coli were determined using 
microdilution method. Bee venom and bee venom-derived 
exosome were traditionally determined in triplicate by the 
microdilution broth method. Serial dilutions of both bee 
venom and bee venom-derived exosome were prepared 
in microdilution at concentrations ranging from 1028-
32 µg/mL. Bacterial colonies prepared according to 
McFarland 0.5 scale (108 CFU/mL) with serial dilutions 
were inoculated into all wells as 100 µL. Then, 100 µL of 
Mueller Hinton Broth (MHB) (MilliporeSigma) medium 
and a bee venom and exosome were added to the wells 
by dilution. The sample was incubated at 37°C for 24 h. 
MIC values   were determined depending on the formation 
of agglutination [21].

Biofilm Analysis

The bacteria strain was incubated in MHB medium at 
37°C for 18-24 h. Bacterial suspensions were prepared 
by standardizing them according to the McFarland 0.5 
chart; 100 µL were added to the flat-bottomed wells and 
incubated at 37°C for 24 h. At the end of the incubation 
period, the wells were washed with distilled water and the 
cell residues associated with the biofilm were stained with 
1% crystal violet (MilliporeSigma) for 37°C for 15 min. 
Biofilms observed in bacteria were photographed after the 
excess dye was washed off with water. To quantitatively 
determine biofilm formation, optical densities were 
measured on an ELISA reader (Biotek ELX800; BioTek 
Instruments, Inc.) at OD 570 - OD 630 nm. During the 
test, sterile TSB was used as a negative control [22]. After 
these procedures, bee venom and bee venom-derived 
exosome were added to each well and the antibiofilm 
activity was determined according to the formula below.

SBF = (AB-CW)/G

SBF: Specific biofilm formation; AB: Absorbance of 570 
nm the attached end stained bacteria; CW: Absorbance of 
570 nm of stained control wells containing only bacteria- 
free medium; G:  Absorbance of 630 nm of cell growth in 
broth

Fractional Inhibitor Concentration Index-
Combination (FIC)

When the in-vitro effectiveness of antibiotic combinations 
based on the Clinical and Laboratory Standards Institute 
(CLSI) and European Committee for Antimicrobial 
Susceptibility Test (EUCAST) standards are performed, if 
the effect is higher than the sum of the effect obtained when 
the same drugs are used alone, it is synergistic interaction, 
if it is equal to the sum, additive interaction. It is the test 
principle in which it is defined as indifference if the result 
obtained with one drug is equal, and as antagonism if it is 
lower than the effect of both drugs. Bee venom and bee 
venom-derived exosome with amoxicillin-clavulanic acid 

on bacterial strain checkerboard to test the effect of the 
combination (checkerboard) method was applied. This 
test is one of the synergy tests based on microdilution. 
Combination activity of antimicrobial agent has been 
tested on 96-well plate. 4xMIC and 1/32xMIC dilution 
was determined. First, each test tube was containing 
cation-regulated MHB. Graded dilutions from specified 
concentrations of the agent were prepared. Solutions of 
amoxicillin clavulanic acid plaque vertically, bee venom 
and bee venom-derived exosome were placed in the 
horizontal plane from right to left. Bacterial inoculum 
0.5 McFarland (1x108 CFU/mL) in sterile 0.9% NaCl 
solution by standard density prepared. The final bacterial 
concentration in the wells 10 µL was added to each well 
at a rate of 5 x105 CFU/mL. Microdilution plates was 
incubate at 37°C for 24 h. 

It was applied according to the FIC index formula used to 
determine the effectiveness of the combinations. And the 
results were determined according to the formula.

Calculation of the FIC index:

MIC numerical value of A in the presence of B

FIC A = 

MIC numerical value of A alone

MIC numerical value of B in the presence of A

FIC B = 

MIC numerical value of B alone

A: Antimicrobial 1 used in combination; B: Antimicrobial 
2 used in combination

Σ FIC index = FIC A + FIC B

Σ FIC index ≤ 0.5: synergy

Σ FIC index >0.5 and <1: additive

Σ FIC index ≥1 and 4 ≤: ineffective (indifference)

Σ FIC index >4: antagonism

Bee Venom and Bee Venom-Derived Exosome 
Isolation

Bee venom New Techniques Laboratory Ltd. (Certificate 
No: 1543, Batch#1-5, Mtskheta Str. Tbilisi, 0149. Georgia). 
It was first centrifuged at 1000 g to remove debris. After 
the exosome isolation kit procedure (Total Exosome 
Isolation Reagent; Thermo Fisher; Massachusetts, USA) 
was applied, isolation was performed by centrifugation at 
10.000 g for 30 min.

Scanning Electron Microscopes Analysis

The dimensions of the exosomes were evaluated by 
scanning electron microscopy (SEM) and images were 
taken under high vacuum and 20 kV EHT with the Carl 
ZeissEvo 40 SEM device (Jena, Germany).
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Cell Culture

The L929 (CCL-1, ATCC) cell line was obtained from 
the medical pharmacology department of Bilecik Seyh 
Edebali University (Bilecik, Turkey). Briefly, the cell 
suspension was centrifuged at 1200 rpm for 5 min. Cells 
were resuspended in fresh medium (% Dulbeco-modified 
eagle medium (DMEM-F12), Fetal bovine serum (FBS) 
10%, and antibiotic 1% (penicillin, streptomycin, and 
amphotericin B) and seeded in 25 cm2 flask (Corning, 
USA) planted [21].

MTT Test

Control (cell medium only), E. coli, Amoxicilin 4 mg/
mL, BV (bee venom) 62.5 µg/mL, BVE (Bee venom-
derived exosome) 1.95 µg/mL, Amoxicilin 4 mg/mL + E. 
coli, BV 62.5 µg For the determination of cytotoxicity of 
/mL + Amoxicilin 4 mg/mL + E.coli, BVE 1.95 µg/mL + 
Amoxicilin 4 mg/mL + E. coli groups, ‘direct contact test 
method’ will be applied, 3-(4,5-dimethylthiazol-2-yl)-2,5-
Diphenyltatrazilium bromide containing MTT material 
(Sigma Aldrich inc, St.Louis, USA) will be evaluated. In 
order to determine the cytotoxicity with the MTT test, 
the mixture to be prepared with 5 mg of MTT powder 
in 1 mL of PBS will be passed through a sterile 0.20 μm 
filter (Corning, Wiessbaden, Germany) and kept at +4°C 
until the time of use, after its outer surface is covered with 
aluminium foil. After the medium liquids of the incubated 
cells are withdrawn, the previously prepared samples will 
be placed in each well and left to incubate again for 24 
h at 37°C in an environment containing 5% CO2. Thus, 
the cytotoxic effects of the groups at the end of the 24th 
h will be evaluated. In order to solubilize the formazan 
crystals formed as a result of the application of MTT, 99.4 
mL dimethylsulfoxide (DMSO), 0.6 mL (HCl) and 10 g 
sodium laurylsulfate (SDS) will be added to the mixture 
as 100 μL/well and allowed to incubate again for 4 h. After 
this, the absorbance (optical density) will be measured in 
a spectrophotometer (µQuant, Bad Friedrichshall, Biotek, 
CA, United States) at a wavelength of 570 nm.

Immunofluorescence Analysis

Cells cultivated in cell culture were incubated for 30 min 
in paraformaldehyde solution for 30 min. The cells were 
then incubated in 3% H2O2 for 5 min. 0.1% Triton-X 
solution was dripped onto the cells washed with PBS 
and left for 15 min. After the incubation period, protein 
blocks were dripped onto the cells and kept in the dark 
for 5 min. Then, the primary antibody (8-OHdG cat no: 
sc-66036, Dilution Ratio: 1/100 US) was dropped and 
incubated in accordance with the instructions for use. 
Immunofluorescence secondary antibody was used as a 
secondary marker (FITC Cat No: ab6785 Diluent Ratio: 
1/500. UK) and kept in the dark for 45 min. Then, DAPI 
with mounting medium (Cat no: D1306 Dilution Ratio: 

1/200 UK) was dripped onto the sections and kept in 
the dark for 5 min, then the sections were closed with a 
coverslip. The stained sections were examined under a 
fluorescent microscope (Zeiss AXIO GERMANY) [21].

Statistical Analysis 

In order to determine the intensity of positive staining 
from the pictures obtained as a result of the dyeing; 
5 random areas were selected from each image and 
evaluated in the ZEISS Zen Imaging Software program. 
Data were statistically defined as mean and standard 
deviation (mean±SD) for % area. Mann-Whitney U test 
was performed to compare positive immunoreactive cells 
and immunopositively stained areas with healthy controls. 
As a result of the test, an AP value of <0.05 was considered 
significant and the data were presented as mean ± SD.

Results
Microbiological Results

In our study, minimal inhibition concentrations of bee 
venom and the obtained bee venom-derived exosome were 
determined against E. coli K99 (F5) strain. Amoxicillin 
clavulonic acid, one of the β-lactam antibiotics, was 
included in the study as a positive control in the MIC 
range determined by EUCAST. Minimal inhibition 
concentration value of bee venom, bee venom-derived 
exosome and amoxicillin-clavulanic acid against E.coli 
respectively, it was determined as 62.5 µg/mL 1.95 µg/mL 
and 4000 µg/mL. The MIC concentration of bee venom 
and exosome against E. coli is shown in Table 1.

Bee venom, bee venom-derived exosome and antibiotic 
concentrations prepared according to MIC values were 
determined by the checkerboard method to determine 
the FIC index. According to the FIC index formula, 
the synergistic effect of bee venom and exosome with 
amoxicillin clavulonic acid was observed. All these values 
are shown in Table 2.

Antibiofilm activity against biofilm ability was measured 
at a wavelength of 570 nm. And the results are summarized 
in Table 3 and Table 4. In the results obtained, it was 
determined that the exosome structure inhibited the 
formation of biofilm. In our study results, while the 
antibiofilm activity was determined at the rate of 48.8% 
in bee venom, it was determined that the bee venom-

Table 1. MIC values of bee venom, bee venom exosome and antibiotics 
against reference bacteria strains

Bacteria Strains 
ATCC No

Bee Venom
MIC µg/mL

Bee Venom
Exosome MIC 

µg/mL

Antibiotics
MIC mg/L

E. coli K99 (F5) 62.5 µg/mL 1.95 µg/mL 4 mg/La

a Amoxicillin-clavulanic acid
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derived exosome inhibited the biofilm layer by 60.4%. E. 
coli ATCC 25922 strain was used as positive control in our 
study.

Scanning Electron Microscopes Results

The obtained data are shown in Fig.1. Looking at the data 
obtained, it was determined that the particle sizes were 
between 67.47 nm and 105.9 nm.

MTT Results

Control (cell medium only), E. coli, Amoxicillin 4 mg/
mL, BV (bee venom) 62.5 µg/mL, BVE (Bee venom-
derived exosome) 1.95 µg/mL, Amoxicillin 4 mg/mL + 
E. coli, BV 62.5 µg. The cytotoxic effects of BV 62.5 µg/
mL + Amoxicillin 4 mg/mL + E. coli and BVE 1.95 
µg/mL + Amoxicillin 4 mg/mL + E. coli groups were 
determined after 24 h using the MTT method (Fig. 2). E. 
coli, Amoxicillin 4 mg/mL, BV (bee venom) 62.5 µg/mL, 
BVE data were compared with the control group. The cell 
viability rate of the control group was 100%. Amoxicillin 4 
mg/mL + E. coli, BV 62.5 µg/mL + Amoxicillin 4 mg/mL 
+ E. coli, BVE 1.95 µg/mL + Amoxicillin 4 mg/mL + E. coli 
groups were compared with the E. coli group. The E. coli 
group was compared with the control group (## P<0.001). 
The lowest viability was observed at Amoxicillin 4 mg/
mL + E. coli (viability rate was 158%) (P<0.05). BV 62.5 
µg/mL + Amoxicillin 4 mg/mL + E. coli, BVE 1.95 µg/
mL + Amoxicillin 4 mg/mL + E. coli groups showed more 
toxicity (P<0.001) (Fig. 2).

Immunofluorescence Results

Data of immunofluorescent staining results and statistical 
analysis results are also presented in Table 5 and Fig. 3. 
Our results were in line with cell culture results.

Discussion 
Bee venom (BV) antimicrobial and antibiofilm activity may 
be due to the presence of various peptides such as melittin, 
melectin, apamin, adolapin, mast cell degranulating 
peptides, enzymes, biologically active amines, and non-
peptide components [23-25]. There are many studies on the 
antimicrobial and antibiofilm activity of bee products [26-30]. 
In this study, we tried to determine the antibacterial and 
antibiofilm activity of bee venom and exosome, which is a 

Table 2. Results of the checkerboard assay with fractional inhibitory 
concentration and FIC indices of two-drug combinations

Bacteria Strains 
ATCC No Agent FIC Interpretation

E. coli K99 (F5) Bee venom
Amoxicillin-clavulanic acid 0.33 Synergy

E. coli K99 (F5) Bee venom exosome
Amoxicillin-clavulanic acid 0.44 Synergy

Table 3. Biofilm OD values for bee venom at 570 nm wavelength

Bacteria Strains ATCC 
No

Positive 
Control

Negative
Control

Highest OD 
Value

E. coli K99 (F5)
0.795 0.426

2.700

E. coli K99 (F5) + Bee 
venom 1.381

Table 4. Biofilm OD values for bee venom exosome at 570 nm wavelength

Bacteria Strains 
ATCC No

Positive 
Control

Negative
Control Highest OD Value

E. coli K99 (F5)

0.149 0.079

0.500

E. coli K99 
(F5)+Bee venom 
exosome

0.198

Fig 1. SEM evaluation of bee venom exosomes

Fig 2. Cell viability rate of L929 cell after 24 hours. Control (cell medium 
only), E. coli, Amoxicillin 4 mg/mL, BV (bee venom) 62.5 µg/mL, BVE 
(Bee venom exosome) 1.95 µg/mL, Amoxicillin 4 mg/mL + E. coli, BV 
62.5 µg Viability rates of /mL + Amoxicillin 4 mg/mL + E. coli, BVE 1.95 
µg/mL + Amoxicillin 4 mg/mL + E. coli groups are shown. Control (cell 
medium only), E. coli, Amoxicillin 4 mg/mL, BV (bee venom) 62.5 µg/mL, 
BVE (Bee venom exosome) 1.95 µg/mL compared with the control group 
(## P<0.001). The viability rates of Amoxicillin 4 mg/mL + E. coli, BV 62.5 
µg/mL + Amoxicillin 4 mg/mL + E. coli, BVE 1.95 µg/mL + Amoxicillin 
4 mg/mL + E. coli groups were compared with the E. coli group (*P<0.05, 
** P<0.001)
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bee product, against E. coli K99 (F5) strain. Keles et al.[31], 
in their study investigated the etiology and predisposing 
factors of diarrheal calves from Kayseri province and 
surrounding provinces between January 2016 and 
September 2019. 270 newborn calves from diarrhea 
included in this study. It was determined that 15.6% (42) 
caused by E. coli K99 strain. Alternative treatments are 
important in diarrhea cases due to the antibiotic resistance 
of E. coli strains. Increasing antibiotic resistance has led to 
an increase in the search for bee products and alternative 
treatments [32-36]. Studies have shown that E. coli strains 
show high resistance to antibiotics. Karacan Sever et al.[37] 
in their study, 99 E. coli strains were isolated from poultry. 
High antibiotic resistance in isolated E. coli strains and 
serotyped E. coli. It was determined that O78 was the 
dominant serotype in strains. Cujova et al.[17] reported that 
honey BV contains melittin, which is more active against 
gram-positive bacteria than gram-negative bacteria. In 
our results, antimicrobial and antibiofilm effects of bee 
venom and bee venom-derived exosome were determined. 
The antimicrobial activity of the exosome was 1.95 μg/
mL, and the FIC concentration created by the antibiotic 
showed a synergistic effect of 0.44. In a study, the MIC 
values of bee venom against S. salyarius, S. sobrinus, S. 
mutans, S. mitis, S. sanguinis, L. casei and E. faecalis were 
found to be between 20 and 40 µg/mL. Melittin, one of 
the main components of this poison, showed MIC values 
ranging from 4 to 40 µg/mL, while the MIC value of PLA2 
was found to be over 400 µg/mL [26]. FIC values of bee 
venom combined with traditionally administered drugs 
yielded fractional inhibitory concentration (FIC) indices 
ranging from 0.24 to 0.5. [27] BV and melittin are a potent 
antimicrobial against Methicillin-resistant Staphylococcus 
aureus (MRSA) at MIC values of 6-800 μg/mL showed 
activity [28]. In another study, it was determined that both 
melittin and bee venom had a bactericidal effect on MRSA 
ATCC 33591 strain [29]. Previously, honey and honey-
derived defensin-1 have reported antibiofilm activity on 

wound pathogens [30,32]. In a study by Arteaga et al.[33], a 
MIC value of 512 μg/mL was determined against S. enterica 
isolated from poultry, and their potential to inhibit biofilm 
formation was found to be up to 68%. In a study by Elsayed 
et al.[34], when the antimicrobial activities of Apis mellifera 
venom were examined, it was reported that a MIC value 
of 15.65 μg/mL was detected in E. coli ATCC 8739 strain. 
In our study, the MIC value of bee venom was determined 
as 62.5 μg/mL. The MIC value obtained from the exosome 
of bee venom was determined as 1.95 μg/mL. Considering 
the damage of E. coli, which is the causative agent of calf 
diarrhea. In addition, the synergistic effect of antibiotic 
and bee venom-derived exosome adds originality to our 

Table 5. Data and statistical analysis results of immunofluorescent staining 
results

Groups 8-OHdG

Control 18.19±2.79a

E. coli 71.73±4.5c

Amoxi (Amoxicillin) 26.44±1.96a

B (BV) 28.55±3a

Bexo (BVE) 27.56±2.08a

Amoxi (Amoxicillin) + E. coli 58.13±2.76d

BV (B) + Amoxi (Amoxicilin) + E. coli 41.12±4.94b

Bexo (BVE) + Amoxi (Amoxicilin) + E. coli 29.18±4.46b

a,b,c,d different letters in the same column are considered statistically significant difference 
(P<0.05)

Fig 3. Control, E. coli, Amoxi (Amoxicillin)   4 mg/mL, B (BV) 62.5 µg/
mL, Bexo (BVE) 1.95 µg/mL, Amoxi (Amoxicillin) 4 mg/mL + E. coli, B 
(BV) 62.5 µg/mL + Amoxi (Amoxicillin)   4 mg/mL + E. coli, Bexo (BVE) 
1.95 µg/mL + Amoxi (Amoxicillin)   4 mg/mL + E. coli groups, 8-OHdG 
expressions in L929 cells are shown. (FITC), IF Bar:100 µm
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study. It is understood that exosomes, which act as a 
cargo element, which is a bioactive molecule, are effective 
especially at low concentrations and will be considered as 
an alternative in the search for new antimicrobials. In the 
study of Lima et al.[35], in vitro and in vivo antibacterial 
and anti-biofilm activities of melittin, a peptide derived 
from honey bee venom, against uropathogenic E. coli were 
examined and the MIC values were found to be 0.5 to 8 
µM. It has also been reported that it degrades the biofilm 
layer by 39.58%. In a study by Picoli et al.[36], melittin had 
40-42.5 µg/mL (∼13 µM) MIC and 64-128 µg/mL (∼20-40 
µM) MBC’s against E. coli ATCC 8739. In a study by Han 
et al.[38], it was reported that the MIC of melittin purified 
from honey bee venom against E. coli ATCC 25922 was 
0.125 µg/mL (∼0.04 µM). The cytotoxicity test with 
melectin, a component of bee venom, was evaluated using 
normal human fibroblast cells and it was determined 
that melectin at 32 µM showed low cytotoxicity, such 
as 10%, at concentrations below 16 µM. In our study, 
cytotoxicity was very evident in the toxicity model made 
with fibroblast cells [39]. Although not, it has been shown 
to significantly and significantly reduce the bacterial 
population in co-cultures. Similar results are shown in 
immunohistochemistry analyses. 

Although studies on bee venom and its peptides are 
presented in the literature, there are no studies on the 
antibacterial and antibiofilm activity of exosomes obtained 
from bee venom. It has been determined that bee venom 
exosome has a synergistic effect when used in combination 
with antibiotics. It is important that more studies should 
be done on the cytotoxic effect, which is not seen in studies 
on cells. We see that bee venom and exosome will shed 
light on further studies and as a bioactive antimicrobial 
candidate against increasing antibiotic resistance.
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