
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Biological Macromolecules xxx (xxxx) xxx

Please cite this article as: Mohamed E. Elnosary, International Journal of Biological Macromolecules, https://doi.org/10.1016/j.ijbiomac.2022.10.173

Available online 22 October 2022
0141-8130/© 2022 Elsevier B.V. All rights reserved.

Synthesis of bee venom loaded chitosan nanoparticles for anti-MERS-COV 
and multi-drug resistance bacteria 

Mohamed E. Elnosary a,*, Hesham A. Aboelmagd b, Manal A. Habaka c, Salem R. Salem d, Mehrez 
E. El-Naggar e 

a Al-Azhar University, Faculty of Science, Botany and Microbiology Department, 11884 Nasr City, Cairo, Egypt 
b Al-Azhar University, Faculty of Science, Botany and Microbiology Department, Assiut 71524, Egypt 
c Microbiology and virology Department, Animal Health Research Institute, Zagazig, Sharkia, Egypt 
d Department of Biochemistry and Clinical Biochemistry, Military Medical Academy, Egypt 
e Textile Research and Technology Institute, National Research Centre, 12622 Dokki, Cairo, Egypt   

A R T I C L E  I N F O   

Keywords: 
Chitosan nanoparticles 
Bee venom 
MERS 
MDR bacteria 

A B S T R A C T   

This study aims to fully exploit the natural compound; bee venom (BV) as a substance that can kill and inhibit the 
growth of microbes and viruses. For this target, BV was loaded onto a safe, natural, and economically inexpensive 
polymer; chitosan (Ch) in its nano-size form prepared using ionic gelation method in the presence of chemical 
crosslinking agent (sodium tripolyphosphate; TPP). The findings illustrated that chitosan nanoparticles (ChNPs) 
were prepared thru this method and exhibited spherical shape and average hydrodynamic size of 202 nm with a 
polydispersity index (PDI = 0.44). However, the size was increased to 221 nm with PDI (0.37) when chitosan 
nanoparticles were loaded with BV (ChNC). In addition, the particles of BV appeared as a core and chitosan 
nanoparticles as a shell implying the successful preparation of nanocomposite (ChNC). Encapsulation of BV into 
ChNPs with significantly small size distribution and good stability that protect these formed nanocomposites 
from agglomeration. The cytopathic effect (CPE) inhibition assay was used to identify potential antivirals for 
Middle East respiratory syndrome coronavirus (MERS-CoV). The response of the dose study was designed to 
influence the range of effectiveness for the chosen antiviral, i.e., the 50 % inhibitory concentration (IC50), as well 
as the range of cytotoxicity (CC50). However, our results indicated that crude BV had mild anti-MERS-COV with 
selective index (SI = 4.6), followed by ChNPs that exhibited moderate anti-MERS-COV with SI = 8.6. Meanwhile. 
The nanocomposite of ChNC displayed a promising anti-MERS-COV with SI = 12.1. Additionally, the synthesized 
nanocomposite (ChNC) had greater antimicrobial activity against both Gram-positive and Gram-negative bac
teria when compared with ChNPs, BV or the utilized model drug.   

1. Introduction 

Nanotechnology refers to the study, production, and synthesis of 
different components thru the manipulation of the material at the 
nanoscale scale [1]. Drug formulations of nanoparticles have a very 
important role in drug delivery [2]. Modern science in the delivery of a 
drug is focused on polymers and their kinds as clear biological functions. 
Chitosan nanoparticles (ChNPs) are one of the expectations for this 
design, depending on the kind of nanoparticles used in treatment [3]. 
However, particles of colloidal that can be trapped, dissolved, absorbed, 
or encapsulated, into polymer matrix might be used in drug carriers or 
vaccines [4]. 

Nanomedicine is new approach and very important role in prevent
ing and treating coronavirus [5,6]. Birds, some mammals, and humans 
are all primarily affected by gastrointestinal and respiratory infections 
brought on by coronaviruses. But a lot of species can lead to serious 
conditions like neurological, hepatitis, or peritonitis disease. Seven 
coronaviruses can infect people, and four of them the human corona
viruses including HcoV-NL63, HcoV-OC43, HcoV HKU1, and 229E can 
cause minor upper and lower respiratory tract infections. SARS-CoV-2 
and SARS-CoV, as well as MERS-CoV (Middle East respiratory syn
drome coronavirus), are 3 more zoonotic coronaviruses that are linked 
to severe, life-threatening organ dysfunction and respiratory problems. 
[7–9]. Similar to SARS-CoV-2, MERS-CoV also includes several bat 
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viruses. Bind the MERS-COV instance, bats are thought to have served as 
the initial reservoir [10], but, the intermediate host of MERS-COV is 
defined as a camel [11]. The human respiratory disease caused by 
MERS-CoV ranges in severity from mild to potentially deadly acute 
respiratory failure. [12–14]. There have been >2000 instances of the 
MERS-CoV infection documented to date, with a death rate of 35 %. 

Microbes acquired the capability to create biofilms set in an extra
cellular matrix that are more resistive to and more difficult for antibi
otics to penetrate as a result of the inappropriate and excessive use of 
antibiotics. The multi-drug resistance bacteria has reached horrifying 
rates in several counties of the world allowing to the World Health Or
ganization (WHO) and few alternatives are available [15]. Unfortu
nately, the number of deaths attributable to anti-microbial resistance is 
expected to exceed those caused by cancer by 2050 [16]. The develop
ment of drugs resistant to the microbial effect stimulates the search for 
new alternatives with unique action modes. Both chitosan (Ch) as linear 
natural polysaccharide (Fig. S1a) and bee venom (BV) and have shown 
very promising and powerful properties as alternatives to antibiotics. 
Bee venom has been reported to have multiple effects as such s anti- 
inflammation, antibacterial, and antivirus in various types of cells. BV 
is a complex combination of active peptides, amines, and enzymes 
(Fig. S1b). Chitosan has fundamental biological features, including such 
antioxidant, anti-inflammatory, and antimicrobial activities. The 
biocompatibility, biodegradability, and its non-toxicity of chitosan 
[17–19] facilitate its application in the nanoform as a carrier for BV. The 
most acceptable antimicrobial mechanism of BV is to form pores in the 
cell membrane which resulting increases in cell permeability [24], while 
in chitosan attributes to their ionic interactions of charged groups 
located onto the polymer molecules with the walls of bacteria that 
causes hydrolysis of the peptidoglycans and seepage of intracellular 
electrolytes, and finally, leading to the microorganism death [25]. 

The aim of the work was designed to prepare nanocomposite (ChNC) 
based on the encapsulation of bee venom (BV) into the environmentally 
biodegradable chitosan nanoparticles (ChNPs) thru the ionic gelation 
method using sodium tripolyphosphate as crosslinking agent. The whole 
nanocomposite was assessed using TEM, DLS, zeta potential and FTIR 
analysis. The work was extended to evaluate the effect of nanocomposite 
as antiviral (anti-MERS-COV) and antimicrobial (multi-drug resistance 
bacteria) agents. 

2. Material and methods 

2.1. Materials 

Sodium tripolyphosphate (TPP) as crosslinking agent and chitosan 
(low molecular weight, purity >99 %) were purchased from Sigma 
Aldrich Co. USA. Bee venom (BV) was obtained from the plant protec
tion Dep., Faculty of Agriculture, Al-azhar University, Cairo, Egypt. 
Middle East respiratory syndrome coronavirus (MERS-CoV) antivirals 
were donated by Nawah-Scientific in Egypt. Both Gram-negative bac
teria (Escherichia coli; ATCC 8739 and Pseudomonas aeruginosa; ATCC 
9027) and Gram-positive bacteria (Bacillus subtilis; ATCC 6633 and 
Staphylococcus aureus; ATCC7984) were used for nanocomposite 
evaluation. 

2.2. Methods 

2.2.1. Preparation of bee venom-loaded chitosan nanoparticles (ChNC) 
Chitosan nanoparticles (ChNPs) were primarily created via the ionic 

gelation process, which involved mixing sodium tripolyphosphate (TPP) 
anions with chitosan cations. To make 50 mL of chitosan solution, chi
tosan (1.5 mg/mL) was dissolved in an aqueous solution of acetic acid 
(0.5 mL and 49.5 mL H2O) and maintained for 120 min at room 

temperature under mechanical stirring. On the other hand, sodium tri
polyphosphate (TPP, 0.75 mg/mL; 20 mL) was dissolved in water and 
agitated for 30 min before adding it to chitosan solution. To chitosan 
solution, TPP solution (10 mL) was then added. Rapid mixing with high- 
speed ultrasound at room temperature for 60 min caused nanoparticles 
to develop on their own, allowing the nanoparticulate system to be 
completely stabilized and an opalescent suspension to be produced. The 
nanoparticles were then lyophilized at − 80 ◦C and kept in the refrig
erator after being separated by a centrifuge at 12,000 rpm and 10 ◦C for 
120 min. Bee venom (BV) at various concentrations (1, 2, and 4 mg/mL) 
were added to TPP solution and then, added to chitosan solution in order 
to prepare BV loaded chitosan nanoparticles (ChNC). 

2.2.2. Characterization of ChNPs and ChNC 
The particle shapes of chitosan nanoparticles (ChNPs) and BV loaded 

ChNPs (ChNC) were assessed using Transmission electron microscopy 
(TEM, JEOL, Japan). The produced nanoparticle solution was first 
dropped onto a carbon-coated grid, dyed with phospho-tungamic acid, 
let to air dry, and then put into TEM instrument for analysis. Based on 
the dynamic light scattering (DLS) method, the average diameter, and 
polydispersity index (PDI) of ChNPs and ChNC were assessed by Zeta 
sizer (Malvern Instruments, UK). The same device was used to test the 
zeta potential of freshly produced nanoparticles. The chemical structure 
of BV, Ch, ChNPs, and ChNC were conducted using FTIR (PerkinElmer, 
Germany) Spectrophotometry at wavenumbers of 400–4000 cm− 1, and 
their FTIR spectra were plotted. 

2.2.3. Anti-MERS-COV activity 
The cytopathic effect (CPE) inhibition assay was utilized to identify 

the potential for MERS-CoV. The goal of the dosage response study was 
to adjust the IC50 (50 percent inhibitory concentration) range for the 
selected antiviral as well as the cytotoxicity range (CC50). This test is 
essential for assessing the effectiveness of antivirals in cell culture 
systems. 

MERS-CoV antivirals were provided by the Egyptian company 
Nawah-Scientific, and Vero E6 cells were grown in Dulbecco's Modified 
Eagle (DMEM) Medium with fetal bovine serum (10 %) and antimicro
bials solution (0.1 %). Gibco BRL provided the trypsin-EDTA, fetal 
bovine serum, antimycotic solution and antimicrobial, and DMEM me
dium (Grand Island, NY, USA). The recently revealed cytopathic inhib
itory effect was used to evaluate antiviral activity and cytotoxicity 
experiments utilizing the crystal violet method [26]. In brief, Vero E6 
cells were seeded into well culture plate (96) at a density for cells/well 
equals 2 × 104 one day before infection. The next day, the cells were 
rinsed with phosphate-buffered saline after the culture media was 
withdrawn. The crystal violet method, which tracked CPE and allowed 
the percentage of cell viability to be measured, was used to assess the 
infectivity of the MERS-CoV virus. Mammalian cells were infected with 
diluted MERS-CoV viral suspension (0.1 mL) containing CCID50 (1.0 ×
104) virus stock. This dose was chosen so that two days after infection, 
the appropriate CPEs would be produced. To treat the cells with a drug, 
0.01 mL of media having the required compound concentration was 
added. The antiviral potency of each test sample was assessed at doses 
that were two times diluted, starting at 1000 g/mL. The virus controls 
were nondrug-treated cells, and virus-infected. Meanwhile, the cell 
controls were nondrug treated cells, and non-infected, and. For 72 h, 
culture plates were incubated at 37 ◦C in CO2 (5 %). The development of 
the cytopathic effect was monitored by light microscopy. Following a 
PBS wash, the cell monolayers were fixed and stained with a 0.03 % 
crystal violet solution in ethanol (2 %) and formalin (10 %). After 
washing and drying the optical density of individual wells was quanti
fied spectrophotometrically at 570/630 nm. According to Pauwels et al. 
[27] the percentages of antiviral activity of the substances tested were 
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determined by using the following equation:   

Considering the above results, CPE inhibitory dosage (IC50) of 50 % 
was assessed. Before this assay, we assessed the cytotoxicity according to 
Vanicha and Kanyawim [4]. In a 96-well culture plate, cells were 
planted at a density of 2 × 104 cells/well. The next day, the cells were 
cultured in growth media containing serially diluted samples for 72 h 
before being removed and rinsed with buffer (PBS). The subsequent 
steps were carried out in the same sequence as those for the antiviral 
activity assay. The findings of CC50 and IC50 were calculated using 

Graph-Pad Software, San Diego (USA). 

2.2.4. Evaluation of antibacterial affectivity 
The antibacterial measurements were performed using two methods. 

2.2.4.1. Agar-well diffusion method for inhibition zone (IZ) determi
nation. The agar-well diffusion test described by Hsouna et al. [28] was 
used with a slightly modified technique. In brief, about 20 mL of Mueller 
Hinton agar (MHA) medium at 45 ◦C were poured into 10 mL petri plates 
and then seeded with a 24 h culture of the bacterial strains. About 100 μL 
of a bacterial suspension with approximately 108 CFU/mL was inocu
lated spreading on the entire surface of agar utilizing a sterile spreader, 

Fig. 1. TEM at different magnifications of (a, b) ChNPs, and (c, d) ChNC.  

Fig. 2. Average hydrodynamic size using dynamic light scattering (DLS) for (a) ChNPs, and (b) ChNC.  

Antiviralactivity =
[Mean optical density of cell controls − Mean optical density of virus controls]

(Optical density of test − mean optical densityof virus controls)
× 100   
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once the plates were dried aseptically, wells with diameter (6 mm) were 
cut into the agar and 50 μL of BV, ChNPs and ChNc were tested. A 
standard drug (tetracycline 500 μg/mL) was used for comparison of the 
antibacterial behavior. The plates were left at +4 ◦C for 2 h to assist the 
diffusion of the tested samples in the agar [29]. For 24 h, incubation was 
carried out at 37 ◦C. The evaluation of bactericidal property was based 
on the diameter of the inhibition zone (IZ) which formed around the well 
and the mean value was taken for three replicate experiments. 

2.2.4.2. Macro-dilution method. To determining, the MIC of the BV, 
ChNPs and ChNc, standard broth dilution method (Clinical and Labo
ratory Standards Institute, CLSI M07-A9) was used by estimating the 
apparent growth of the bacteria in Mueller Hinton broth (MHB) me
dium. Firstly, serial two-fold, dilutions of BV, ChNPs and ChNc in con
centrations ranging from 500 to 7.8 μg/mL in a liquid growth medium 
distributed in tubes with about 2 mL (macro-dilution). Then, each tube 
is inoculated with a bacterial inoculum adjusted to (108 CFU/mL, 0.5 
McFarland's standard), and the bacterial suspension was prepared in the 
same medium. One tube has only inoculated a broth is considered as 
control tube and incubated for 24 h at 37 ◦C. The minimum inhibitory 
concentration (MIC) endpoint is the lowest concentration of the tested 
specimens where no visible growth is seen in the tubes [30]. After broth 
macro-dilution, the minimum bactericidal concentration (MBC) can be 
determined by sub-culturing samples from tubes that gave a negative 
bacterial growth on the surface of MHA plates for 24 h incubation and 
then counting the number of viable cells (CFU/mL). The bactericidal 
(MBC) is endpoint described as the lowest concentration; at which the 
final bacterial inoculum is killed by about 99.9 % [30]. After MIC 
determination for each sample, the fractional inhibitory concentration 
index (FICI) can be calculated by using the following formula: 
∑

FICI = FIC(A)+FIC(B)

In which, FIC(A) =
MIC(A)incombination

MIC(A)alone ∧ FIC(B) =
MIC(B)incombination

MIC(B)alone . 
According to Bassolé and Juliani [31], synergism if FICI ≤0.5; 

antagonism if FICI >4.0; interpreted if FICI 0.5–1; indifference if FICI 
1–4.0. 

3. Results and discussion 

3.1. Characterization of chitosan nanoparticles loaded with bee venom 
(ChNC) 

Based on the cytotoxic data, chitosan nanoparticles that loaded with 
low concentration of BV (1 mg/mL) were selected for further charac
terization and application. Using a transmission electron microscope 
(TEM), ChNPs and ChNC were created and analyzed at different mag
nifications. ChNPs exhibited spherical shapes and smooth surfaces but 
with no clear edges (Fig. 1a, b). On the other hand, after BV loading, 
TEM demonstrated the produced nanocomposite's core shell. The black 
spots are associated with the encapsulated BV, while the faint particles 
could be ChNPs (Fig. 1c, d). The majority of the nanoconjugate particles 
seemed to be spherical, with smooth surfaces and homogeneous 
distribution. 

The finding indicated that ChNPs have 202 nm in size, with a PDI of 
0.44, as shown in Fig. 2a. As observed, the PDI of ChNPs was found to be 
<0.5, confirming the homogeneity of the produced nanoparticles. 
Meanwhile. The average hydrodynamic size of ChNC was 221 nm, with 
a PDI of 0.37 (Fig. 2b). It was noted that the encapsulation of BV 
increased the average size while improving PDI. The obtained data from 
DLS about the synthesized ChNPs and ChNC showed that BV loaded 
ChNPs had larger sizes than ChNPs; this may be because ChNC have 
more molecular weight and a composited structure after being encap
sulated with BV, which may increase their size. As known, zeta potential 
value tells us about the stability and homogenoty of the produced 
nanoparticles. Via measuring the surface charge of ChNPs and ChNC, it 
is slightly decreased from 36 mV to 34.7 mV, suggesting that the impact 
of the TPP crosslinking agent and the entire process of ionic gelation is 
what makes the formed nanoparticles of chitosan and chitosan loaded 
with BV stable and protected from agglomeration. By and large, the 
production of nanocomposites with a size around 200 nm, and above 30 
mV (regarding zeta potential; surface charge), is suitable for the effec
tive biomedical applications since the small particles may reach any 
portion of the body. 

Using FTIR to analyze BV-ChNPs interactions, the ability of the ionic 
gelation procedure to create ChNC was evaluated. Fig. 3 displays the 
FTIR spectra of BV, Ch, ChNPs, and ChNC. The detected peak in the 

Fig. 3. FTIR of (a) BV, (b) Ch, (c) ChNPs, and (d) ChNC.  
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absorbance range of 3250–3450 cm− 1 in the BV spectrum (Fig. 3a) de
notes the free vibrations of N–H stretching. The distinctive amide 
bands, including amide I (1645 cm− 1), amide II (1534 cm− 1), and the 
bands assigned at 1104 cm− 1 and 1240 cm− 1 that denote unsystematic 
coil conformation, were also revealed in the FTIR spectrum of BV. 

The prominent peak appeared in 3200–3411 cm− 1 region in the 
chitosan spectra (Fig. 3b) corresponds to coupled peaks of O–H 
stretching and intermolecular hydrogen bonding. In the same area, the 

NH extending from primary amines overlapped. The secondary amide's 
carbonyl (C=O) stretching absorption band (amide I band) has a peak at 
1027 cm− 1, which is associated with the C-O-C stretching. The spectra of 
ChNPs and ChNC were different. The peak of 3400 cm− 1 in ChNPs 
(Fig. 3c) widened and the relative intensity rose, suggesting an 
improvement in hydrogen bonding. Additionally, the NH2 bending vi
bration's 1610 cm− 1 peak changed to 1563 cm− 1. A P––O peak assigned 
1164 cm− 1 on the cross-linked chitosan further demonstrated the cross- 
linkage with TPP. By comparing with the spectrum of pure chitosan 
nanoparticles, the spectrum of ChNC (Fig. 3d) did not exhibit any 
differences. 

3.2. Anti-MERS-COV activity 

Several studies have proven the efficacy of different natural products 
and nanoparticles as therapy strategies for severe illnesses. However, 
only a few classes have been actively employed for antiviral therapeutic 
targeting. Based on our previous work on the conjugation of bee venom 

Table 1 
Antiviral activity of bee venom (BV), ChNPs and ChNC against human corona
virus MERS-CoV.  

Treatment 
compounds 

Virus CC50 (μg/ 
mL) 

IC50 (μg/ 
mL) 

Selective index 
(*SI) 

BV MERS- 
CoV  

5.664  1.226  4.6 
ChNPs  11.921  1.382  8.6 
ChNC  14.106  1.165  12.1  

Fig. 4. Effect of bee venom (BV) on coronavirus MERS-CoV.  

Fig. 5. Effect of chitosan nanoparticles (ChNPs) on coronavirus MERS-CoV.  

Fig. 6. Effect of ChNC on coronavirus MERS-CoV.  
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as a natural product and ChNPs, a reasonable hypothesis would be to 
start investigating the features and benefits of BV and ChNPs as anti
viral, as well as chitosan as a nano-carrier for antiviral drug delivery in 
the fight against the Middle East respiratory syndrome coronavirus 

(MERS-CoV). 
It is well understood that when the IC50 concentration decreases than 

the CC50 concentration, the virus is destroyed before causing any harm 
to host cells. 

Fig. 7. The antiviral effect CPE of Vero E6 cells infected with untreated or treated (MNTD of BV, ChNPs or ChNC) MERS-CoV.  
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Our results indicated that, crude BV has mild antiviral activity 
against MERS-CoV, with an IC50 (1.226 g/mL) higher than the CC50 
(5.664 g/mL) and SI of 4.6 (Table 1 and Fig. 4) [32]. Melittin has the 
ability to pierce virus protective membrane envelopes, particularly 
those protecting the HIV [33]. 

Chitosan nanoparticles (ChNPs) had a CC50 of 11.921 g/mL, an IC50 
of 1.382 g/mL, and SI of 8.6 (Table 1 and Fig. 5). This indicates that it 
has moderate antiviral action against MERS-COV coronavirus, and more 
research may be done to increase its anti-coronavirus activity. So we 
suggest that the utilization of ChNPs as a carrier for bee venom led to 
enhance the properties of BV which, in turn, increases the antiviral ac
tivities against MERS-COV. This idea is in line with other studies that 
shown how ChNPs enhance the qualities of natural products and deliver 
them directly to the lungs. Thus, our results revealed that ChNC had a 
cytotoxic concentration (CC50) of 14.106 g/mL, an IC 50 of 1.165 g/mL, 
and a selective index (SI) of 12.1 (Table 1 and Fig. 6) which affirmed the 

importnace role of ChNPs as natural carrier for BV. It was also depicted 
that ChNC provides a large surface area, which is a benefit for them and 
enables the use of ChNPs as a carrier for BV for treating MERS [3,35] 
(Fig. 7). 

3.3. Bactericidal and antiviral activities of BV, ChNPs and ChNC 

The bacterial behavior of BV, ChNPs and ChNC were estimated 
against the mentioned bacteria using the well diffusion approach. The 
sensitivity of the bacteria was qualitatively determined by measuring 
the inhibition zone (IZ) which are depicted in Figs. 8 and 9 and reveal 
that, the strong effect of BV is obviously for Gram positive strain 
(S. aureus) which had significant higher IZ compared to other strains, 
and this is due to melittin in honey bee venom, which has greater effi
cacy towards Gram-positive bacteria than Gram-negative ones. Ortel 
and Markwardt [36] found that, low concentrations of BV have higher 
effect on Gram positive bacteria. The elevating values of MIC for BV 
(125 to 500) is agreed with El-Bahnasy et al. [37] which reported that, 
elevating the levels of BV appeared to be has very efficiency against both 
of Gram negative and positive organisms. Also, the ATP level of E. coli 
was significantly decreased when subjected to about 500 μg/mL of BV 
[38]. The two main components that give BV its antibacterial properties 
are melittin and phospholipase A2 (PLA2), where both of them affecting 
cell membrane permeability (Fig. 10). Melittin integrates into the 
phospholipid bilayers and forming pores in the membrane, this results in 
the breakdown of phospholipid groups or the release of Ca++ [39], while 
PLA 2 hydrolyses phospholipids, so indirectly damages the bacterial cell 
membrane [40]. 

Additionally, compared to Gram-negative strains, Gram-positive 
strains were more sensitive to ChNPs. while all the tested strains were 
sensitive to ChNC. Several authors reported the same finding [41], while 
in some published papers, the researchers reported that, unmodified 
chitosan mostly more effective on Gram negative than Gram positive 
strains [42]. The mechanisms by which ChNPs affecting bacterial cell 
are summarized in Fig. 9. The antimicrobial activity of ChNC was higher 
than standard drug for all strains except for S. aureus. Our data also 
revealed that, the minimum inhibitory concentration (MIC) for BV 

Fig. 8. Antimicrobial activity of BV, ChNPs and ChNC compared to reference drug against both Gram-positive and Gram-negative strains. 
*S1; BV, S2; ChNPs, S3; ChNC, positive control; tetracycline and negative control; saline (0.85 %). 

Fig. 9. Antimicrobial activity of BV, ChNPs, and ChNC then compared to 
reference drug against both of Gram positive and Gram negative strains. 
*Ba; Bacillus subtilis, St; Staphylococcus aureus, Es; Escherichia coli, Ps; Pseudo
monas aeruginosa, BV; bee venom, ChNPs; chitosan nanoparticles, ChNC; 
nanocomposite, positive control; tetracycline. 
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ranged from 125 to 500, ChNPs from 15.6 to 500 and ChNC from 15.6 to 
125 μg/mL, and also, S. aureus recorded the lowest MIC values for all the 
tested samples (Tables 2, 4). The minimum bactericidal concentration 
(MBC) for BV ranged from 125 to 500 μg/mL and from 62.5 to 500 for 
both of ChNPs and ChNc (Tables 3, 4). Standard drug displayed that MIC 
and MBC were around 500 μg/mL. The combination between BV and 
ChNPs was expressed as fractional inhibitory concentration index (FICI) 
and fractional bactericidal concentration index (FBCI) which recorded 
in Table 4. By calculating the fractional inhibitory concentration index 
(FICI), it is clear that, FICI was 2.5, 4.51, 1.0 and 0.5 for B. subtilis, 

S. aureus, E. coli and P. aeruginosa respectively, and according to Bassolé 
and Juliani [31], FICI showed synergism effect on P. aeruginosa, antag
onism effect on S. aureus and indifference effect on both of E. coli and 
B. subtilis. 

4. Conclusion 

It can be concluded that chitosan as a promising natural carbohy
drate polymer can be used as a carrier for many drugs and extracts. In 
order to increase chitosan efficiency, ionic gelation method was used to 
prepared chitosan nanoparticles (ChNPs). After that, the as-prepared 
ChNPs was used as a carrier for encapsulating bee venom (BV). The 

Fig. 10. Mechanism suggestion of BV loaded ChNPs as anti-microbial agent.  

Table 2 
Minimum inhibitory concentration (MIC), turbidity for different concentrations 
of BV, ChNPs, ChNC and tetracycline after 24 h.  

Strains 500 250 125 62.5 31.3 15.6 7.8 

BV concentrations (μg/mL) 
B. subtilis Neg. Neg. Pos. Pos. Pos. Pos. Pos. 
S. aureus Neg. Neg. Neg. Pos. Pos. Pos. Pos. 
E. coli Neg. Pos. Pos. Pos. Pos. Pos. Pos. 
P. aeruginosa Neg. Pos. Pos. Pos. Pos. Pos. Pos.  

ChNPs concentrations (μg/mL) 
B. subtilis Neg. Neg. Neg. Neg. Pos. Pos. Pos. 
S. aureus Neg. Neg. Neg. Neg. Neg. Neg. Pos. 
E. coli Neg. Pos. Pos. Pos. Pos. Pos. Pos. 
P. aeruginosa Neg. Pos. Pos. Pos. Pos. Pos. Pos.  

ChNC concentrations (μg/mL) 
B. subtilis Neg. Neg. Neg. Neg. Neg. Pos. Pos. 
S. aureus Neg. Neg. Neg. Neg. Neg. Neg. Pos. 
E. coli Neg. Neg. Neg. Neg. Neg. Pos. Pos. 
P. aeruginosa Neg. Neg. Neg. Pos. Pos. Pos. Pos.  

Standard drug (tetracycline μg/mL) 
B. subtilis Pos. Neg. Neg. Neg. Neg. Neg. Neg. 
S. aureus Pos. Neg. Neg. Neg. Neg. Neg. Neg. 
E. coli Pos. Neg. Neg. Neg. Neg. Neg. Neg. 
P. aeruginosa Pos. Neg. Neg. Neg. Neg. Neg. Neg. 

BV; bee venom, ChNPs; chitosan nanoparticles, ChNC; nanocomposite, negative 
(Neg.) no turbidity indicating absence of growth and positive (Pos.) turbidity 
indicating growth; 

Table 3 
Minimum bactericidal concentration (MBC) of BV, ChNPs and ChNc after 24 h.  

Strains 500 250 125 62.5 31.3 15.6 7.8 

BV concentrations (μg/mL) 
B. subtilis Neg. Pos. Pos. Pos. Pos. Pos. Pos. 
S. aureus Neg. Neg. Neg. Pos. Pos. Pos. Pos. 
E. coli Neg. Pos. Pos. Pos. Pos. Pos. Pos. 
P. aeruginosa Neg. Pos. Pos. Pos. Pos. Pos. Pos.  

ChNPs concentrations (μg/mL) 
B. subtilis Neg. Neg. Neg. Pos. Pos. Pos. Pos. 
S. aureus Neg. Neg. Neg. Neg. Pos. Pos. Pos. 
E. coli Neg. Pos. Pos. Pos. Pos. Pos. Pos. 
P. aeruginosa Neg. Pos. Pos. Pos. Pos. Pos. Pos.  

ChNC concentrations (μg/mL) 
B. subtilis Neg. Neg. Neg. Pos. Pos. Pos. Pos. 
S. aureus Neg. Neg. Neg. Neg. Pos. Pos. Pos. 
E. coli Neg. Neg. Neg. Pos. Pos. Pos. Pos. 
P. aeruginosa Neg. Pos. Pos. Pos. Pos. Pos. Pos.  

Standard drug (tetracycline μg/mL) 
B. subtilis Pos. Neg. Neg. Neg. Neg. Neg. Neg. 
S. aureus Pos. Neg. Neg. Neg. Neg. Neg. Neg. 
E. coli Pos. Neg. Neg. Neg. Neg. Neg. Neg. 
P. aeruginosa Pos. Neg. Neg. Neg. Neg. Neg. Neg. 

Positive (Pos.): Indicating growth; Negative (Neg.): Indicating absence of 
growth. 
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data depicted that the formed nanocomposite of ChNPs loaded with BV 
(ChNC) exhibited spherical size with well homogeneity. The finding 
illustrated that ChNPs exhibited moderate antiviral activity while ChNC 
showed promising antiviral activity against Human coronavirus MERS- 
CoV with selective index (SI) = estimated CC50/estimated IC50 = 8.5 for 
ChNP while SI = 12.1 for ChNC. On other hand the bee venom (BV) 
showed low antiviral activity. The results affirmed that ChNC is a good 
candidate for further experiments as anti-MERS-CoV than ChNPs. The 
experimental data from the current study concluded that, nano
composite (ChNC) had greater antimicrobial activity against both Gram- 
positive and Gram-negative bacteria compared to the standard drug 
(tetracycline), bee venom (BV) and chitosan nanoparticles (ChNPs). 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijbiomac.2022.10.173. 
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Table 4 
The fractional inhibitory concentration index (FICI) and the fractional bacteri
cidal concentration index (FBCI).  

Strains MIC 
(A) 

MIC 
(B) 

MIC 
(C) 

MIC 
(D) 

FIC 
(A) 

FIC 
(B) 

FIC 
index 

B. subtilis  250.0  62.5  31.3  500.0  0.50  2.00  2.50 
S. aureus  125.0  15.6  15.6  500.0  0.50  4.01  4.51 
E. coli  500.0  500.0  31.3  500.0  0.50  0.50  1.00 
P. aeruginosa  500.0  500.0  125.0  500.0  0.25  0.25  0.50   

Strains MBC 
(A) 

MBC 
(B) 

MBC 
(C) 

MBC 
(D) 

FBC 
(A) 

FBC 
(B) 

FBC 
index 

B. subtilis  500.0  125.0  125.0  500.0  0.25  1.00  1.25 
S. aureus  125.0  62.5  62.5  500.0  0.50  1.00  1.50 
E. coli  500.0  500.0  125.0  500.0  0.25  0.25  0.50 
P. aeruginosa  500.0  500.0  500.0  500.0  1.00  1.00  2.00 

MIC; minimum inhibitory concentration, FIC; fractional inhibitory concentra
tion, MBC; minimum bactericidal concentration, FIC; fractional bactericidal 
concentration, A; bee venom, B; chitosan nanoparticles, C; nanocomposite. 
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