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            Abstract

            
               
Chitosan nanoparticles have expanded growing attention for Nano-medicine, development of new therapeutic and biomedical engineering
                  with improved availability, increased specificity, and compact toxicity. The present study aim to synthesis and characterize
                  inhalation of chitosan nanoparticles for anti-mycobacterial supply to the lungs. The ionic gelation method followed spray
                  drying was used for chitosan nanoparticles development. The results showed that the obtained particles had a spherical smooth
                  shape with an average size of 255 ± 3.5 nm. Post nebulization drugs were detected in numerous organs (lungs, spleen and liver)
                  till twenty four hours. A single dose of drug-loaded had a chemotherapeutic efficacy more effective against the mycobacterium
                  than other available drugs.
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               Introduction

            Mycobacterium Tuberculosis is a communicable disease containing the tubercle bacilli.1 Mycobacterium Tuberculosis is spreads by inhalation airborne droplets containing- bacilli.2 The Mycobacterium tuberculosis were reported in 95 % of cases in developed countries and million new cases of infection detected each year which is responsible
               for over two million deaths every year. Mycobacterium tuberculosis global incidence rate is highly growing each year by almost 1%. Anti-Tuberculosis drugs resistance continued to be documented
               as a clinical problem.3 Patient non-compliance to anti-tubercular drug therapy leads to a great therapeutic failure,4 In medicines the use of natural products is well known in many developing countries. The natural products privilege that
               is cheaper, more effective and impart least side effects as compared to synthetic medicines.5, 6 Thus, increasing examination has been given to chitosan and its derivatives. Chitosan is derived from naturally occurring
               sources, including the exoskeletons of arthropods such as shellfish like shrimp, Chitosan contain highly reactive functional
               groups, high adsorption capacity, Antimicrobial, and anti-fungal, even anti-tumor influence.7, 8 Chitosan is widely predictable for its effective broad spectrum antimicrobial activity and low toxicity to mammalian cells.
               Chitosan antimicrobial action mode is not completely understood, the chitosan molecular structure is requirement for its anti-
               bacterial activity. It is well9, 10 Chitosan used as an anti-bacterial against a wide range of bacteria, yeasts, and fungi in vivo and in vitro.11 Chitosan antibacterial activity is subjective by a number of factors that include the degree of polymerization and chemical
               properties.12

            In new centuries, nanoparticle developments are being widely considered for direct delivery to the lungs via the pulmonary
               route.13 Various biodegradable natural origin polymers (cellulose, gelatin and starch) are used as transporters for drugs, but chitosan
               was considered for this study due to its biodegradable nature as a non-toxic polymer which has adhesive and membrane permeability.
               Chitosan can controls the drug release, extending the duration of treatment effects and delivering the drug to the specific
               sites in body. The pulmonary route escapes the problems by ingestion route such as reduced solubility, thereby lead to reduction
               in the dosing frequency, and development of patient passivity. The aim of the study is to a bio-synthesis of the chitosan
               nanoparticles containing rifampicin for antibacterial use. Chitosan nanoparticles have potential role as polymeric platforms
               for the development of new therapeutic drug release technique with better distribution and increased sensitivity and decrease
               toxicity against Mycobacterium Tuberculosis.
            

         

         
               Materials and Methods

            
                  Ethical considerations

               The research protocols for animal injection is approved by National Research Center (NRC – Animal House system – Biosafety
                  level 3) (Dokki – Egypt). Rifampicin was saved by NRC. 
               

            

            
                  Biosynthesis of chitosan

               Production of chitosan from crustacean shell generally consists of three basic steps: demineralization, deproteinization,
                  and deacetylation.14 The shells were demineralized by agitating continuously with 5% HCl at the ratio of 1:15 (w/v, shell to solution) 36 h at
                  room temperature. The demineralized shells were treated with 5% NaOH solution at the ratio of shell to solution of 1:10 (w/v)
                  at 90-95°C for 6h. The deproteinized shells were filtered and washed with tap water until NaOH was removed completely, then
                  dried overnight in an oven at 55-60°C. The shells were filtered and washed with tap water until became neutral. Then deacetylation
                  of chitosan was carried out by hydrolyzing with 80% Na OH at the ratio of 1:20 (w/v, chitin to solvent) at 90-95°C for 5 h.
                  This product was washed with tap water until it became neutral and dried overnight at 55- 60ºC. In the preparation of chitosan
                  solutions, 1.0% (w/v) chitosans were dispersed in a 1.0% (v/v) acetic acid solution. 
               

               Mycobacterium tuberculosis strains H37Rv were obtained from the Mycobacterium tuberculosis unit reference strain. Cultured
                  at 37˚C in Middlebrook 7H9 broth (Becton Dickinson, Sparks, MD) supplemented with 0.2% glycerol (Sigma Chemical Co., St. Louis,
                  MO) and 10% OADC (oleic acidalbumin-dextrose-catalase; Becton Dickinson) until logarithmic growth was reached. Each culture
                  was mixed with a sufficient volume of sterile supplemented Middlebrook 7H9 broth to achieve a turbidity equivalent to that
                  of McFarland’s No. 1 standard. To obtain the test inoculum, this suspension was further diluted 1:50 with the same culture
                  medium to approximately 6 × 106 colony-forming units (CFU)/mL immediately before use. A change in color from blue to pink
                  indicated the growth of bacteria, and the MIC was defined as the lowest concentration of drug that prevented this change in
                  color.
               

            

         

         
               Experimental animals

            
                  Housing conditions

               Animal care and all experimental procedures were carried out in accordance with international guidelines governing animal
                  care and use for research. For Female mice (6–8 of weeks age, 20–25 g) were obtained from a nearby provider and the animals
                  are gathered in isolated cages, in controlled temperature (23–25ºC), humidity (60%), light and dark cycles of 12 hours each.
                  The animals were encouraged on standard pelleted eat less and water. Mice were kept for at least 3 days earlier to test methods
                  and were ordinarily housed all through the observational period. The mice were particular pathogen free.
               

            

            
                  Development and characterization of chitosan Nano-particles drug-loaded

               Using gelation technique.15 Tri-polyphosphate and chitosan solutions were added to each other's (0.5% w/v) containing Rifampicin different amounts, under
                  magnetic stirring. To prepare inhalable nanoparticles, the drug-loaded chitosan Nano-particles were spray-dried with mannitol
                  (1% w/v) and leucine (0.25% w/v), using a dryer. Removal of the powder from the collector vessel and characterization occurred16 Size characterization of chitosan Nano-particles using polydispersity index on a particle size analyzer (Beckman Coulter
                  Pvt. Ltd., Delsa Nano C). (SEM) Scanning electron microscopy was working for visualization of the optimized nanoparticle shape,
                  The particle size and morphology of synthesized nano particles were determined using a field emission scanning electron microscope
                  (FE-SEM, 15 kV, model 54160, Hitachi, Japan). (Figure1). The amount of anti- tubercular drugs untrapped in the chitosan Nano-particles
                  was calculated by estimating the amount of drug recovered in the supernatant after centrifugation. Dialysis method was used
                  to determine the released drug from chitosan Nano-particles. Samples were withdrawn and analyzed using spectrophotometer (UV-1601
                  Shimadzu, Japan) Rifampicin content, at 260 nm and 478 nm respectively.17

            

            
                  In vivo experimental infection using drug disposition method 

               In vivo Experimental infection were in animal house level 3 Biosafety and Biosecurity system ,Female mice (6–8 of week age,
                  20–25 g) were infected with 4x 107 bacilli/ml in 0.1 ml of 0.9% NaCl, through the aerosol route (inhalation exposure system).
                  The animals were then divided into the following groups: Group 1, control group; Group 2, naïve group; Group 3, free drug,
                  aerosol; and Group 4, nanoparticle-loaded anti – tuberculosis drugs. The animals were sacrificed after 2 and 4 weeks of the
                  test experiment starts ; lungs was removed, homogenized in sterile normal saline solution and plated Agar plates for (CFU)
                  colony-forming unit estimation on the 14th and 28th days post inoculation. 18 Nebulizer system (Pan Century, USA) was used in this study. Drug disposition studies for single dose, female mice were grouped
                  as follows, with eighty animals in each group: Group 1, free drug, aerosol; and Group 2, nanoparticle-loaded with aerosol
                  anti-tuberculosis drugs. Animals were sacrificed and drug levels were determined in lungs. 19

               
                     
                     Figure 1

                     SEM images of chitosan nanoparticles size distribution
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               Minimum Bactericidal Concentration determination by using the paper disc method Chitosan nanoparticles screening and its solvents
                  for antibacterial activity against Mycobacterium tuberculosis strain H37Rv were done using the paper disc method.20 For the treatment, each of 0; 150; 300; 600; 1200 μg/mL chitosan nanoparticles solutions were slowly absorbed into the sterilized
                  paper disc (diameter: 8 mm) and adhered to the surface of the plate on which Mycobacterium tuberculosis strains H37Rv at a
                  concentration of 106 CFU/ml had been inoculated in Middlebrook 7H9 broth. Sterilized distilled water was used as a control.
                  After culturing for 24 h in an incubator at 37°C. Antibacterial activity was defined as the diameter (mm) of the clear inhibitory
                  zone formed around the discs. MBC was defined as the lowest concentration that induced the clear inhibitory zone formed around
                  the discs.
               

            

            
                  Statistical analysis

               Statistical tests were performed with Graph-Pad Soft- ware. A difference with a value of p < 0.05 was considered statistically
                  significant.
               

            

         

         
               Results and Discussions

            Tuberculosis is a chronic disease caused by Mycobacterium tuberculosis. The emergence of antibiotic-resistant strains of this species underscores the need for new effective drugs against resistant
               mycobacteria as medications.21 The uses of natural product as traditional medicines are accepted, particularly in developing countries. This led us to the
               investigation of the effects of chitosan nanoparticles from shrimp on anti-mycobacterial activity. Chitosan nanoparticles
               had a spherical shape with an average size of 230 - 4.5 nm. (Figure  1). We modified chitosan into chitosan nanoparticles with used sodium 
            

            Tri-polyphosphate to prepare chitosan nanoparticles by inotropic gelation method, which has more advantages over chitosan.
               Due to this modification can improve bio-distribution and increase specificity and sensitivity, and reduced pharmacological
               toxicity.19 The topography, surfaces, structures, morphologies, and composition of the chitosan nanoparticles were studied using Scanning
               Electron Microscopic.18 The Scanning Electron Microscopic micrograph obtained for the pure chitosan revealed that the texture is plain without pores
               having smooth, compact and homogeneous even surface structure with no gross effects. While the SEM micrograph of chitosan
               nanoparticles revealed the rough surface morphology. The Scanning Electron Microscopic picture of chitosan nanoparticles demonstrates
               the good dispersion of the nanoparticles which are entangled one on the other with a larger exposed surface making the material
               very suitable for adsorption.
            

             Nanoparticles are easily captured by the alveolar macrophage of lungs.18 The higher drug encapsulation observed for Chitosan nanoparticles in this study can be attributed to the higher drug/polymer
               ratio, as well as an excellent ionic gelation between Tri-polyphosphate and chitosan.22 The release behavior of Rifampicin from the Nano particulate formulation followed a biphasic pattern, that is, an initial
               burst (40–50% within 5 hours ) followed by a slower sustained release (90–95% for up to 72 hours) . An initial burst release
               of RIF from nanoparticles could be due to rapid dissolution of drug crystals located on the surface or present beneath the
               nanoparticle surface. 14

            
                  The effect of chitosan nanoparticles against Mycobacterium tuberculosis on the paper method 
               

               Chitosan nanoparticles anti-mycobacterial activity was done using the paper disc method. MIC was defined as the lowest concentration
                  that induced the clear inhibitory zone formed around the discs. The MIC of chitosan nanoparticles against Mycobacterium tuberculosis strains H37Rv was 1200 μg/mL, which induced the clear inhibitory zone formed around the disc. The MIC of the chitosan nanoparticles
                  against Mycobacterium tuberculosis was conducted on the paper disc method. In this study, MIC of chitosan nanoparticles against Mycobacterium tuberculosis strains H37Rv was 1200 μg/mL. These results are in agreement with reports in the literature that have documented the antibacterial
                  activity of chitosan against a large number of both gram positive and negative bacteria. Some researcher has also shown that
                  chitosan generally showed stronger effects for gram positive bacteria (e.g. Staphylococcus aureus) and for gram negative bacteria (e.g. E. coli).
               

            

            
                  In vivo drug disposition studies

               Chitosan nanoparticles were administered through nebulization, the superiority of the anti- tuberculosis drugs loaded Chitosan
                  nanoparticles was seen in comparison to the anti- tuberculosis drugs plain drug in increasing the accumulation of within the
                  organs rich in macrophages, that is, lungs. Both drugs were detected in lungs, for up to 24 hours, thus prompting us to design
                  the nebulized drug-loaded Chitosan nanoparticles for treatment. The higher lung uptake of Chitosan nanoparticles may be attributed
                  to preferential phagocytosis by macrophages and localization in alveolar macrophages.9

            

            
                  Chemotherapeutic efficacy

               Administration of nebulized Chitosan nanoparticles for 28 days to infected mice resulted in undetectable mycobacterial CFUs
                  in lung (Table  1). Observations suggested that Chitosan nanoparticles are more effective against the mycobacterium than free drugs (Figure  2). The efficacy of chitosan nanoparticle formulations shows an effective targeting to macrophage-rich organs in treating the
                  disease.20

               
                     
                     Figure 2

                     Treatment efficacy 1- control group, 2-Rifampicin treated group and 3- anti-tuberculosis chitosan treated.
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                     Table 1

                     Chemotherapeutic efficacy of various formulations (mean ± S.D., n=6)
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                               Anti- tuberculosis drugs loaded chitosan nanoparticles

                              
                           
                        

                     
                  

               

            

         

         
               Conclusions

            The results from this research can be concluded that chitosan nanoparticles have anti-tubercular activity by In vitro techniques.
               Therefore, it has the definite potential as a source of compounds that may be developed further into anti-mycobacterial drugs.
               Furthermore rug-loaded Chitosan nanoparticles were successfully synthesized and characterized as an effective delivery carrier
               for alveolar macrophage targeting. Finally, it may be concluded that Chitosan nanoparticles may be exploited as a prospective
               tool for drug delivery to direct drugs to the lung tissues for the treatment of TB.
            

         

         
               Source of Funding

            No financial support was received for the work within this manuscript.

         

         
               Conflict of Interest

            The authors declare they have no conflict of interest.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Chaubey, P & Mishra, B,   (2014). Mannose-conjugated chitosan nanoparticles loaded with rifampicin for the treatment of visceral leishmaniasis. Carbohydrate Polym, 101, 1101–8. 10.1016/j.carbpol.2013.10.044

                  

                  
                     
                        2 
                              

                     

                     Patel, S, Chavhan, S, Soni, H, Babbar, A K, Mathur, R & Mishra, A K,   (2019). Brain targeting of risperidone-loaded solid lipid nanoparticles by intranasal route. J Drug Target, 19(6), 468–74.
                     

                  

                  
                     
                        3 
                              

                     

                     Sospeter, N Njeru, Meshack, A Obonyo, Silas, M Ngari, Samwel, N Onsarigo, John, M Njeru & Paul, K Kamweru,   (2015). Antituberculous, antimicrobial, cytotoxicity and phytochemical activity study of Piliostigma thonningii extract
                        fractions. J Med Plants Res, 9(22), 655–63. 10.5897/jmpr2015.5822

                  

                  
                     
                        4 
                              

                     

                     Pabreja, S, Garg, T, Rath, G & Goyal, A K,   (2016). Mucosal vaccination against tuberculosis using Ag85A-loaded immunostimulating complexes. Artif Cells, Nanomedicine, Biotechnol, 44(2), 532–9. 10.3109/21691401.2014.966195

                  

                  
                     
                        5 
                              

                     

                     Sudjarwo, S A, Eraiko, K, Wardani, G & Koerniasari,   (2017). The potency of chicken egg yolk immunoglobulin (IgY) specific as immunotherapy to Mycobacterium tuberculosis infection.
                        J Adv Pharm Technol Res, 8(3), 91–6.
                     

                  

                  
                     
                        6 
                              

                     

                     Fadipe, V O, Mongalo, N I, Opoku, AR, Dikhoba, P M & Makhafola, Tshepiso J.,   (2017). Isolation of anti-mycobacterial compounds from Curtisia dentata (Burm.f.) C.A.Sm (Curtisiaceae) Bio Med Central Complement Altern Med, 17(1), 306–13. 10.1186/s12906-017-1818-9

                  

                  
                     
                        7 
                              

                     

                     Kong, M, Chen, X G, Xing, K & Park, H J,   (2010). Antimicrobial properties of chitosan and mode of action: A state of the art review. Int J Food Microbiol, 144(1), 51–63. 10.1016/j.ijfoodmicro.2010.09.012

                  

                  
                     
                        8 
                              

                     

                     Goy, RC, Britto, D de & Assis, OBG,   (2009). A review of the antimicrobial activity of chitosan. Polímeros, 19(3), 241–7. 10.1590/s0104-14282009000300013

                  

                  
                     
                        9 
                              

                     

                     Ngamviriyavong, P, Thananuson, A, Pankongadisak, P, Tanjak, P & Janvikul, W,   (2018). Antibacterial hydrogels from chitosan derivatives. J Met Mater Miner, 20(3), 113–7.
                     

                  

                  
                     
                        10 
                              

                     

                     Kaya, M, Baran, T & Asan-Ozusaglam, M,   (2019). Extraction and characterization of chitin and chitosan with antimicrobial and antioxidant activities from cosmopolitan
                        Orthoptera species. Biotechnol Bioprocess Eng, 20(1), 168–79.
                     

                  

                  
                     
                        11 
                              

                     

                     Friedman, M & Juneja, V K,   (1737). Review of antimicrobial and antioxidative activities of chitosans in food. J Food Prot, 73(9), 1737–61.
                     

                  

                  
                     
                        12 
                              

                     

                     Wardani, G, Mahmiah,  & Sudjarwo, SA,   (2018). A Multifaceted Journal in the field of Natural Products and Pharmacognosy., 10(1), 162–6.
                     

                  

                  
                     
                        13 
                              

                     

                     Garg, T,   (2016). Current nanotechnological approaches for an effective delivery of bio-active drug molecules in the treatment of
                        acne. Artif Cells Nanomed Biotechnol, 44(1), 98–105.
                     

                  

                  
                     
                        14 
                              

                     

                     Younes, I & Rinaudo, M,   (2015). Chitin and Chitosan Preparation from Marine Sources. Structure, Properties and Applications. Marine Drugs, 13(3), 1133–74. 10.3390/md13031133

                  

                  
                     
                        15 
                              

                     

                     Kaur, R, Garg, T, Gupta, U D, Gupta, P, Rath, G & Goyal, A K,   (2016). Preparation and characterization of spray-dried inhalable powders containing nanoaggregates for pulmonary delivery
                        of anti-tubercular drugs. Artif Cells Nanomed Biotechnol, 44(1), 1–6. 10.3109/21691401.2014.930747

                  

                  
                     
                        16 
                              

                     

                     Kaur, R, Garg, T, Malik, B, Gupta, UD, Gupta, P & Rath, G,   (2016). Development and characterization of spray-dried porous nanoaggregates for pulmonary delivery of anti-tubercular
                        drugs. Drug Deliv, 44(6), 1498–507. 10.3109/10717544.2014.920428

                  

                  
                     
                        17 
                              

                     

                     Sharma, A, Garg, T, Aman, A, Panchal, K, Sharma, R & Kumar, S,   (2016). Nanogel—an advanced drug delivery tool: Current and future. Artif Cells Nanomed Biotechnol, 44(1), 165–77. 10.3109/21691401.2014.930745

                  

                  
                     
                        18 
                              

                     

                     Marwah, H, Garg, T, Goyal, A K & Rath, G,   (2016). Permeation enhancer strategies in transdermal drug delivery. Drug Deliv, 23(2), 564–78. 10.3109/10717544.2014.935532

                  

                  
                     
                        19 
                              

                     

                     Pabreja, S, Garg, T, Rath, G & Goyal, A K,   (2016). Mucosal vaccination against tuberculosis using Ag85A-loaded immunostimulating complexes. Artif Cells Nanomed Biotechnol, 44(2), 532–9.
                     

                  

                  
                     
                        20 
                              

                     

                     Nyambuya, T, Mautsa, R & Mukanganyama, S,   (2017). Alkaloid extracts from Combretum zeyheri inhibit the growth of Mycobacterium smegmatis. BMC Complement Altern Med, 17(1), 124–30. 10.1186/s12906-017-1636-0

                  

                  
                     
                        21 
                              

                     

                       (2015). World Health Organization. Global Tuberculosis Report 2015. 20 Avenue Appia, 1211 Geneva 27, Switzerland: World
                        Health Organization.   , 1–145 
                     

                  

                  
                     
                        22 
                              

                     

                     Hussain, T, Garg, T, Goyal, A K & Rath, G,   (2014). Biomedical Applications of Nanofiber Scaffolds in Tissue Engineering. J Biomat Tissue Eng, 4(8), 600–23. 10.1166/jbt.2014.1214

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Chitosan nanoparticles biosynthesis and characterization for Inhalation as an operative treatment of tuberculosis


      
        		
          Content
        


      


    
  

