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Abstract  
Bee venom (BV) is a substantial ingredient in secondary metabolic products from honeybees (Apis mellifera L.). Polymers and their varieties 
are emphasized in modern research for their obvious biological functions in medication. Chitosan nanoparticles (Chs-NPs) are among the 

anticipations for this approach, which are contingent upon the type of nanoparticles employed for therapeutic purposes. The main objective of 

this research is to substitute chemicals with environmentally friendly manufacturing and extraction of chitosan from exuviae of black soldier 
fly, Hermetia illucens L., prepare exuvial chitosan nanoparticles (Chs-NPs), testing the placing of nanoparticles with the honeybee, Apis 

mellifera venom (BV-placed NPs), and evaluate the antibacterial and anticancer activities of both BV, Chs-NPs, and BV-placed NPs. FTIR 

spectrum of BV, Chs-NPs and BV-placed NPs were illustrated showed the different functional groups of the tested compounds. Hydrodynamic 

size, Zeta potential and PDI of synthesized nanoparticles of Chs-NPs 270.6±5.0, +30.1± 3.3 and 0.199±0.02, while for BV-Chs-NPs were 

380.4±15.0, +25.2±2.5 and 0.514±0.01. BV loaded Chs- NPs has the highest antibacterial impact versus M. smegmatis with inhibition zone of 

28.0 ± 0.4 mm. Additionally, BV loaded Chs-NPs has the most promising antitumor impact versus A549 with IC50 =274.37±0.1 µg/ml with 
minimal cytotoxicity versus Vero cells CC50=62.24± 0.2 µg/ml with notable microscopic alterations. Bee venom (BV) when enclosed in the 

Chs-NPs showed a promising antibacterial impact versus Mycobacterium smegmatis as well as antitumor action versus A549 with an acceptable 

harmful level to be implemented for forthcoming uses. 
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_________________________________________________________________________________________________ 

 

1. Introduction 

 
Antibiotic-resistant bacterial strains have developed as a result of the abuse of antibiotics, making it more difficult to treat and 

eradicate their diseases [1]. In normally sensitive bacteria, antibiotics' effects on microbial communities may cause genomic or 

mutational alterations that provide germs the ability to endure and proliferate as antibiotic-resistant bacteria (ARB) [2]. The 

majority of commonly used antibiotics and chemotherapeutic drugs are inherently ineffective against mycobacteria [3]. 

Mycobacterium smegmatis (M. smegmatis) is some acid-fast bacilli of the fast-growing mycobacteria, and its infection should 

be taken into consideration for persons with persistent infections of the skin and soft tissues at the place of injection or surgery 

spot after aesthetic operations [4]. Cases of M. smegmatis infection in immunocompetent people are linked to injuries, ongoing 

central venous catheterization, and minor surgical procedures, and aesthetic operations [5]. M. smegmatis infection can spread 

in those with impaired immune systems, leading to bacteraemia and fatalities [6]. The prevalence and mortality rates of cancer 

are both rising quickly worldwide, making it an important trigger of death in most regions of the globe, including Europe, China, 

and the United States [7]. Natural discharges from insects and animals have shown promise as complementary treatments, in 

addition to the more well-known herbal and plant-derived medicines [7]. There have been reports of an antimicrobial effect 

from bee venom versus bacteria through creation of pores across their membranes, causing harm to them before rupture [8]. 

Additionally, it demonstrated anti-cancer action versus a number of cancer cell lines, including those from breast, liver, 

melanoma, and prostate [9–12]. Insects, such Hermetia illucens L., have developed humoral immune reaction that create 
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powerful antimicrobial peptides (AMPs) to defend them against pathogen insertion, and these AMPs are thought to be potent 

natural antibiotic candidates [13,14].  The utilization of nanotechnology in the majority of biomedical fields has dramatically 

 boosted. This includes the use of nanomaterials as antimicrobial, and biocidal agents as well as the loading of nanomaterials 

with bioactive components to improve their strength, absorbability, use, and dissolution in the human body [15]. Chitosan is 

amino- polysaccharide produced from deacetylated chitin, has several useful properties (e.g., its biodegradability, nontoxicity, 

biocompatibility, and efficient bioactivities) [16]. The activities of chitosan promoted its use in biomedicine for common uses, 

such as medication delivery, tissue science, antimicrobial forms, anticancer therapy, and dressings for injuries [17]. Therefore, 

the current study's objectives were to produce exuvial chitosan nanoparticles (Chs-NPs), load them with bee venom (BV), assess 

their bioactivities to inhibit M. smegmatis, and highlight the possible application as anticancer agents. 

 

2.Results  
2.1. FTIR analysis  

The FTIR spectra of chitosan prepared from exuviae of Black soldier fly, Chs-NPs, BV, and BV-Chs- NPs were illustrated in 

(Fig.1). In the chitosan prepared from exuviae of Black soldier fly a strong peak at approximately 3468 cm−1 is observed, 

corresponding to the collective effects of hydrogen bond and stretched O–H. Additionally, the N–H stretching arising from 

primary amines overlaps in this area. Other significant absorption peaks detected in chitosan extracted include: 1719 cm−1 

(indicative of carbonyl (C=O) stretching in the secondary amide I band), peaks at 1519 cm−1 (associated with the amide II (N–

H) bended vibration), and a peak at 1060 cm−1 (attributed to stretched C–O–C). As showed in (Fig.1B), some differences are 

noted compared to the FC spectrum. The peak at 3468 cm−1, observed in chitosan extracted, appears wider in Chs-NPs with a 

magnified relative intensity, indicating an improvement in bonds of hydrogen. Moreover, the Chs-NPs spectrum exhibits a clear 

peak at 1180 cm−1, which corresponds to P=O stretching, suggesting linkage with TPP. While the main peaks and bands in 

chitosan extracted spectrum also appear in the Chs-NPs spectrum, they have slight shifting to similar wavenumbers. In the BV 

spectrum, the peak seen in the absorbance region of 3250–3420 cm-1 corresponds to the free vibrations of N–H stretching. The 

FTIR spectrum of BV also displays an amide bands, namely amide I at 1677 cm-1, amide II at 1569 cm-1, and additional band at 

1113 cm-1 indicating unsystematic coil conformation (Fig. 1C).  In the FTIR spectrum of the BV-Chs-NPs (Fig. 1D), the 

absorbance peak of BV associated with N–H stretching at 3413 cm−1 is both smaller in intensity and appeared at 3442 cm−1. 

Furthermore, the amide I band of BV, initially found at 1677 cm−1, is shifted to a higher wavenumber, specifically 1697 cm−1, 

in the BV-Chs-NPs. 

 

 
(Fig.1) Fourier-transform infrared spectroscopy spectra of (A) chitosan extracted from exuvia of black soldier fly, (B) chitosan 

nanoparticles, (C) bee venom, and (D) bee venom loaded chitosan nanoparticles. 

A 

D C 
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2.2 Hydrodynamic size, Zeta potential, and Polydispersity index (PDI) 

The hydrodynamic size, zeta potential and PDI of Chs- NPs and BV- Chs- NPs were illustrated in (Table 1). A reduction in the 

zeta potential was seen in BV-Chs- NPs compared to Chs-NPs. Additionally, a substantial boost in the PDI value was seen in 

BV-Chs-NPs relative to the Chs -NPs. 

 
Table 1: The hydrodynamic size, Zeta potential and PDI of synthesized nanoparticles Chs-NPs and BV- Chs-NPs. 

 

 

 

 

 

 
2.3. TEM analysis 

TEM examination was utilized to examine the particle size distribution and morphology of both Chs-NPs and BV-Chs-NPs as 

depicted in (Fig.2). The findings revealed that Chs-NPs had a mean size of 45.4± 10.55 nm and exhibited spherical shape with 

smooth surface. On the other hand, the BV-Chs-NPs displayed an average size of 115.75 ± 5.41 nm. 

 

 
(Fig.2) Transmission electron microscope micrographs of(A)chitosan nanoparticles and (B) bee venom loaded chitosan nanoparticles 

(Magnification= 6000 ×).  

 

2.4. Encapsulation efficiency (EE), Loading capacity (LC)  

The EE and LC of BV in Chs-NPs were deemed to be 12.5% and 97.54%, respectively.  

 

 

 

2.5. In vitro release of BV-Chs- NPs 

To assess the release behaviour of BV from BV- Chs-NPs, in vitro detections were done at pH 7.3 by directly dispelled the 

specimens through a 24-hour release period. The BV release profile from BV-Chs-NPs is depicted in (Fig.3). The release pattern 

demonstrated an initial burst release of BV within the first 5 hours, followed by a gradual release over the extended 24-hour 

period. Specifically, after 5 hours, 82.7% of BV was released. At the end of the 24-hour duration, the maximum release 

percentages reached 100%. 

 
(Fig. 3) Bee venom release profile from bee venom loaded chitosan nanoparticles at different time intervals and pH 7.4. 

Nanoparticles DLS (nm) 

Zeta 

potential 

(mV) 
PDI 

Chs- NPs 270.6±5.0 +30.1± 3.3 0.199±0.02 

BV-Chs- NPs 380.4±15.0 +25.2±2.5 0.514±0.01 
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2.6. In vitro Antibacterial role  

All tested samples showed good antibacterial activity against M. smegmatis. BV showed inhibition zone of 12.0 ± 

0.1 mm with MIC= 125 µg/ml, Chs-NPs had inhibition zone of 20.0 ± 0.3 and MIC= 62.5 µg/ml and BV loaded 

Chs-NPs showed inhibition zone of 28.0 ± 0.4mm with MIC = 125 µg/ml where the doxycycline (standard drug) 

had inhibition zone of 32.0 ± 0.4mm with MIC = 25.0± 0 µg/ml. Thus, the most effective was BV loaded Chs-NPs 

as seen in (Fig. 4). 

 

 
 
(Fig. 4) Antibacterial activity of negative control, bee venom (BV), chitosan nanoparticles (Chs-NPs), and bee venom loaded chitosan 

nanoparticles (BV-Chs-NPs) against M. smegmatis. 

 

2.7. Cytotoxic activity on (A549) adenocarcinoma cells and normal Vero cells 

A dose dependent cytotoxic impact for BV, Chs-NPs, and BV loaded Chs-NPs with IC50 values of 173.75±0.07 µg/ml, 231.9034 

µg/ml and 274.37±0.1 µg/ml versus A549 respectively. In contrary the cytotoxicity against normal Vero cells CC50 values were 

69.54±0.22 µg/ml, 70.68 ± 0.1 µg/ml and 62.24± 0.2 µg/ml respectively as depicted in (Fig. 5). 

 

 
(Fig. 5) In vitro cytotoxic activity of (B) bee venom, (C) chitosan nanoparticles, (D)bee venom loaded chitosan nanoparticles against (A)normal 

Vero cells (Magnification = 100 ×). 
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2.8. Microscopic examination  

Ultrastructural testing of the bacterial cells (M. smegmatis) using TEM: control cells showed intact membrane and elongated 

normal shape (Fig. 6A). While, upon treatment with BV cells showed alteration in cell structure and partial damage in cell 

membrane (Fig.6B). Additionally, the treatment with Chs-NPs cells showed shrinkage of cytoplasmic fluid and irregular cell 

membrane (Fig. 6C).  Finally, when BV loaded Chs-NPs was applied, the cells showed complete damage and deformation (Fig. 

6D). 

 

 
 

 
(Fig.6) Transmission electron microscope micrographs of M. smegmatis. (A) Control, (B) treated with bee venom, (C) treated with chitosan 

nanoparticles, and (D) treated with bee venom loaded chitosan nanoparticles (Magnification 6000 x).  

 

Morphological alterations of A549 cells adenocarcinoma cells upon exposure using BV, Chs-NPs, and BV loaded Chs-NPs 

were seen under an inverted microscope. The stained cells indicated number of dead cells, the cells treated with BV represented 

morphological alterations including granulation, compression, and uneven form as defining characteristics (Fig. 7B). Besides, 

cells treated with Chs-NPs showed compression, aggregation of cells and distracted shape (Fig.7C). Lastly, cells treated with 

BV loaded Chs-NPs showed existence of dead bodies and a large vacuolation in the cell cytoplasm indicated autophagy-like 

process (Fig. 7D). 

 

A B 

C D 
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(Fig.7) Morphological characteristics of A549 cells adenocarcinoma cells using inverted microscope (A) Control, (B)treated with bee venom, 

(C) treated with chitosan nanoparticles, and (D) treated with bee venom loaded chitosan nanoparticles (Magnification 100 x). 
 

Moreover, electron imaging revealed that the entire group of A549 cells, adenocarcinoma cells in the control group, are 

associated with numerous plasma cell membrane projections with numerous microvilli (Fig. 8A). However, following BV cell 

administration, apoptotic bodies and apoptotic cells were separated (Fig. 8B). Additionally, the Chs-NPs cell exposure resulted 

in a ruptured cell membrane and a constricted nucleus (Fig. 8C). Ultimately, following treatment with BV-loaded Chs-NPs, 

cells exhibited primary referral to apoptosis along with total lysis (Fig. 8D). 

 

    

   
 

(Fig.8) TEM micrograph of the ultrastructural characteristics of A549 cells adenocarcinoma cells (A) control, (B) treated with bee venom, 
(C)treated with chitosan nanoparticles, and (D) treated with bee venom loaded chitosan nanoparticles (Magnification 10,000 X). 

B 

C 
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3.Discussion 

Nanomedicine is a novel approach with a crucial function in both prevention and treatment of many diseases [18-21]. The 

original source of chitosan, crustacean waste, became no longer sustainable, On the alternative, the rearing of bio-converting 

insects, as well as the recycling of insect biomass, represent a waste stream of facilities that may be utilized for several 

applications [22]. 

 In the present work a successful production of chitosan was accomplished using exuvia of black soldier fly. The black soldier 

fly - derived chitin and Chitosan were reported as novel sources for these valuable components [23]. This provided further 

confirmation of previous research indicating the considerable potential of these exuvia as sustainable sources for chitosan 

production [24-27]. These studies have suggested the utilization of chitosan derived from various chitin sources in biomedicine 

and drug delivery applications. The FTIR analysis of chitosan extracted demonstrated that its structure and functional groups 

closely resembled those of the standardized conventional chitosan [28]. Many distinctive peaks and bands in the chitosan 

obtained spectrum showed modest alterations that brought them nearer to the wavenumbers seen in the Chs-NPs spectrum, 

confirming the effectiveness of the Chs -NPs cross-linking and manufacture of the intended NPs. Moreover, comparing the Chs- 

NPs and BV-Chs-NPs spectra provided evidence of BV uptake by the nanoparticles. Specific bands characteristic of 

nanoparticles was observed in both spectra, indicating the presence of nanoparticles in both free BV and BV-Chs-NPs [1]. 

The data obtained from the "Zetasizer" analysis of the synthesized Chs-NPs and BV-Chs-NPs demonstrated that the BV-Chs 

nanoparticles had larger sizes compared to Chs-NPs. This increase in size can likely be attributed to the additional molecular 

weight and composite structure resulting from the incorporation of BV on Nano chitosan [29]. This result indicates the enhanced 

capacity of the current Chs-NPs to carry BV, making it a promising carrier for this bioactive compound. The TEM analysis has 

supported the hypothesis that BV was successfully incorporated into Chs-NPs. This was evident from the observed size 

difference among the BV-Chs-NPs and Chs-NPs. The liberation of BV from BV-Chs-NPs exhibited a rapid burst release during 

the initial 5 hours of the experiment. This sudden liberation is believed to be influenced by the detachment of BV molecules 

from the surface of Chs-NPs, a phenomenon commonly observed with loaded protein molecules on chitosan nanoparticles [30]. 

Following the initial burst release, the subsequent slow release of BV can be attributed to the gradual lysis of the entrapped 

protein molecules within Chs-NPs and the destruction of the nanoparticles themselves. It is hypothesized that the degradation 

rate of the protein exceeded its release rate after an extended period of release [31]. Besides, Khalil et al., [32] investigated that 

loading of bee venom on degradable polymers such as poly-D, L-lactic-co-glycolic acid (PLGA), and chitosan could improve 

its delivery and release. By employing such polymer NPs, bee venom may keep its releases and potency for an extended period 

of time, minimizing the time between injection and improving patient adherence [33, 34]. 

The use of M. tuberculosis, a slow-growing organism, made early attempts to screen TB medicines ineffective. M. smegmatis 

has gained recognition as an effective model organism for preliminary drug evaluation and additional drug optimization in more 

recent years due to the generalization of the majority anti-TB medicines among all mycobacteria [35]. Animal venom peptides, 

particularly BV, offer an enormous number of prospects for use as biological medicines. However, there are a lot of obstacles 

that could be removed by carrying the peptides onto polymeric nanocarriers such as Chs-NPs in order to increasing their 

stability, half-lives, oral absorption, and target cytotoxicity [36], this is assured by our study as the antibacterial activity of bee 

venom increased when its loaded in Chs-NPs with inhibition zone 28.0 ± 0.4 mm versus M. smegmatis. This result of the 

antibacterial activity is not contrasted with those reported by Sharaf et al. [37]   Besides, Wehbe et al. [38] investigated that the 

crude BV have shown antitumor role towards different cancer cell types. our study also revealed the antitumor role of bee venom 

loaded on Chitosan nano particles against adenocarcinoma human alveolar cells. This finding corresponded well with the 

findings of Taher et al. [39], who reported that the bee venom–loaded nanoparticles had good anticancer properties. 

 

4.Experimental 

4.1 Chemicals and Bacteria 

Sodium tri-poly phosphate (TPP), acetic acid, dimethyl sulfoxide (DMSO), and ethanol were obtained from Sigma (Sigma-

Aldrich Co., CA, USA).  The exuviae of H. illucens L. were obtained from (AMININS Co., for organic waste recycling, Cairo, 

Egypt) for recycling organic wastes. Honeybee venom was obtained from Department of honey bee researches, Institute of plant 

protection, Ministry of Agriculture, Dokki, Giza, Egypt. Every chemical and solvent utilized was of the highest grade and 

analytical quality. M. smegmatis (ATCC 700084) was kindly provided from Microbiology-department- Beni-Swief University. 

 

4.2 Developing black soldier fly exuvia in powder form 

Five g of fresh black soldier fly exuvia were meticulously cleaned with distilled water, roasted for 36 hours at 70 °C in an oven, 

ground in a mixer, and then kept at room temperature for additional testing.  

 

4.3 Preparation of chitosan from black soldier fly exuvia 

To obtain chitosan the following steps were done:  

100 g of shells was placed in 0.06 M acetic acid for 25 hours.  Then, after using distilled water to wash the specimens, they 

were then dried for Five hours at 75˚C in an oven. The result powder soaked in 12.5 M NaOH in (1:15 w/v) for 2 hours under 

magnetic stirrer, then cooling for 35 minutes at ambient temperature. After filtering the demineralized shells, the leftover 

material was cleaned with distilled water and dried again. To the result powder, one litre of 1% HCL was incorporated, and it 
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was allowed for 24 hours. Then, the mixture was centrifuged at 4000 rpm for 12 minutes, and the supernatant was disposed of. 

After being cleaned with distilled water, the remaining material was allowed to air out for four hours at 75˚C in an oven. Using 

a magnetic stirrer, a 50% NaOH solution (1:10 w/v) was added and heated to 100˚C for six hours. After cooling to ambient 

temperature, the specimen was filtered, cleaned with distilled water to achieve a pH of neutral, and then dried out at 75˚C in an 

oven. The ultimate product that was produced was chitosan [40]. 

 

4.4 Production of chitosan nanoparticles (Chs- NPs) and bee venom placed nanoparticles (BV-Chs- NPs) 

Chitosan nanoparticles (Chs-NPs) were fabricated using the ionotropic gelation method [41].  

  0.32 g chitosan was mixed in 1.0 % of acetic acid, 100 ml of deionized water and mixed at regular temperature. Chitosan 

solution was raised to a pH of 5.0 using 1M NaOH. A 0.1 g of tripolyphosphate was dissolved in 33.3 ml of distilled water to 

prepare a sodium tripolyphosphate solution. Tripolyphosphate solution (TTP) was added to the chitosan solution with stirring 

at 1000 rpm, room temperature, in the ratio 3:1 (v/v) (chitosan: TPP), sonication was performed for 25 min. The obtained 

chitosan suspension was cooled, rotated at 12000 rpm for 60 minutes, then stored at 4 °C. 

The process of obtaining bee venom-loaded nanoparticles involved adding 0.10 g of venom to the TPP solution prior to putting 

it to the chitosan solution. The combination was subsequently divided using a centrifuge set at 13000 rpm and 5°C for 60 

minutes and kept at 4 °C for storage. 

 

4.5 Examination of prepared black soldier fly chitosan, chitosan nanoparticles (Chs-NPs) and bee venom loaded 

nanoparticles (BV-Chs-NPs) 

4.5.1. Fourier transform-infrared spectroscopy (FT-IR) 

A compact FTIR spectrometer (Agilent Co., USA) was used to identify the chemical structures of the produced chitosan, Chs-

NPs, BV, and BV-Chs-NPs. To create discs, the specimens were combined with spectroscopic-grade potassium bromide (KBr) 

and condensed. The produced materials' spectra were measured in spectral range between the 4000 and 500 cm−1. 

 

4.5.2. Evaluation of the particle size and zeta potential 

The hydrodynamic size, zeta potential, and polydispersity index value have been computed with photon correlation spectroscope 

or dynamic light scattering (DLS) of the ZS92 Zeta sizer instrument (Malvern, United Kingdom) for Chs-NPs and BV-Chs-

NPs.  

4.5.3. Morphology study  

The Chs-NPs and BV-Chs-NPs microstructure was investigated using a transmission electron microscope (TEM), a drop of the 

solution was applied to the copper grids covered with carbon and then left at the ambient temperature to dry. Transmission 

electron microscope (JEOL GEM-1010, Tokyo, Japan) at 80 kV at The Regional centre for Mycology and Biotechnology, 

(RCMB) Al- Azhar University was applied to characterize the specimens [42].  

 

4.5.4. Detection of entrapment efficiency (EE) and loading capacity (LC) 

The efficiency of bee venom entrapment was estimated by Bradford method, [43] which was calculated by deducting the entire 

amount of venom given to the nanoparticle formation solution from the quantity of venom that was not entrapped and left in the 

translucent supernatant. This was done after spinning for 65 minutes at 13000 rpm and 5°C, and the result was recorded at 595 

nm. The estimation of free bee venom in the supernatant was conducted triply (n = 3), and a venom EE% and loading capacity 

(LC) was calculated. 

 

4.5.5. In Vitro Release evaluation  

Amount of 3 mg of BV-Chs-NPs was placed in Eppendorf tubes containing 3 ml of phosphate buffer (PBS), pH 7.2 under 

shaking. At certain time intervals (0.5, 1, 2, 3, to 24 hours), Samples was withdrawing and centrifuged at 11,000 rpm for 45 

minutes. 

The Bradford protein test is a spectrophotometric approach, which measures bee venom produced in the supernatant at 596 nm 

[44]. A standard curve was used to determine the total liberated levels of proteins at every interval [45].  

 

4.6. Determination of Antibacterial Activity: 

The antibacterial activity of BV, Chs-NPs and BV loaded Chs-NPs was investigated against M. smegmatis (ATCC 700084) 

using agar well diffusion method on nutrient agar media. The plates were left for 24 hours at 37°C, the inhibition zones were 

measured. The test was repeated three times. Various dilutions of the effective level were done and examined for M. smegmatis 

(ATCC 700084) to determine minimal inhibitory levels versus standard drug [46]. 

 

4.7. MTT Test and microscopic examination  

The BV, Chs-NPs and BV loaded Chs-NPs were tested for cytotoxic effects on A549 adenocarcinoma human alveolar basal 

epithelial cells, and VERO cells. Following 24 hours of adhesion till confluence, specimens ranging in concentration from 500 

to 15.63 µg/ml were added, and the cells were subsequently cultured for another 24 hours at 37°C. Following the addition of 
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the new medium, 100 µl of MTT solution (5 mg/ml) was added and let to sit for 4 hours at 37 °C. Using a microplate reader 

(Agilent Co, USA), absorbance was measured at 570 nm. IC50 the concentration needed to have a harmful impact on 50% of 

intact tumor cells is known as the 50% inhibitory level (IC50). The level needed to have a harmful impact on 50% of healthy, 

undamaged cells is known as the cytotoxic concentration (CC50). A digital camera and an inverted microscope (CZ43; Nikon, 

Japan) were used to take the pictures [45-47]. 

 

4.8. Electron microscopy 

Mycobacterium smegmatis and A549 cells were treated with BV, Chs-NPs and BV loaded Chs-NPs and then fixed with 2.5% 

glutaraldehyde for 2 hours. The specimens were then immersed with 2.0% osmium tetroxide for 2.5 hours, and the blocks were 

dyed in 1.0% uranyl acetate and dehydrated with ascending levels of ethanol. The specimens were then put in resin, then cut by 

an ultra-microtome (Amos scientific, Germany), and the sections then investigated by a transmission electron microscope 

(JOEL, Japan) [48, 49]. 

 

4.9. Statistics 

All examinations were done three times. A means with standard deviation (S.D) were recoded for each result. 

 

5.Conclusions 

The current work revealed that BV-loaded Chs-NPs have demonstrated comparatively superior outcomes compared to native 

BV and Chs-NPs alone. The in-vitro investigation demonstrated that BV-loaded Chs-NPs had a stronger antibacterial impact 

than the other options. Moreover, its cytotoxic impact was lower than that of solely native BV and Chs-NPs, and it will be 

confirmed by more sophisticated techniques. These results suggest that, with further research, BV-loaded Chs-NPs may prove 

to be a suitable substitute for antibiotics. 
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10. Abbreviations  

M. smegmatis: Mycobacterium smegmatis  

ARB: antibiotic-resistant bacteria  

RGM: rapidly growing mycobacteria  

AMPs: antimicrobial peptides  

Chs-NPs: Chitosan nanoparticles  

BV: bee venom  

TEM: transmission electron microscope  

TTP: Sodium tripolyphosphate solution  

BV-Chs-NPs: Bee Venom loaded nanoparticles  

EE: entrapment efficiency   

LC: loading capacity  

S.D: Standard deviation 

PDI: Polydispersity index  

M. tuberculosis: Mycobacterium tuberculosis 

TB: Tuberculosis 
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