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ABSTRACT: The products obtained as a result of the simultaneous reaction of chitosan, a Schiff-based natural 

polyaminosaccharide, with formaldehyde and benzaldehyde were synthesized by the method indicated in the experimental 
part of the article. The two amine groups formed were then reduced with NaBH4 to give the corresponding tertiary amine 
derivative. The structure of the obtained product was characterized by scanning electron microscopy and elemental analysis 
was determined. The introduction of hydrophobic methyl and benzyl groups into the macromolecule of chitosan reduces the 
intermolecular interaction and hydrogen bonding. causes. This leads to an increase in the degree of polarization and better 
solubility of the functional groups of the product in the polar environment. 
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1 INTRODUCTION 

Polymers are widely used in drug delivery and formulation due to their many superior properties. Polymers used in colloidal 
drug delivery systems consisting of small particles have great advantages in drug delivery systems due to optimized drug 
loading and release properties [1]. Novel drug delivery systems include micelles, dendrimers, liposomes, polymeric 
nanoparticles, microcapsules, and lipoproteins. Recent advances in polymer-based encapsulation and controlled release of 
drugs help regulate drug administration by preventing under- or over-dosing [2]. These advanced systems play a promising role 
in improving biocompatibility, minimizing side effects, and preventing adverse effects in patients. Polymers have also become 
an integral part of drug delivery systems due to their improved pharmacokinetic properties. They have a better circulation time 
(circulation) than conventional small drug molecules, so they target tissues more precisely. Unlike the free drug, when it is used 
in a polymer-bound form, the polymer carrier leads to its longer-lasting effect, reduces its toxicity, and increases its safety and 
effectiveness by controlling the rate, time and place of drug release in the body. Also, drug delivery systems improve the 
pharmacodynamic and pharmacokinetic properties of the drug, e.g. increases plasma residence time, stability, improves 
solubility of small molecule drug and has a wide potential for targeted drug delivery [3]. Such polymers are mostly used in the 
field of polymer therapy and nanomedicine. [4,5]. In traditional drug delivery systems, preparations are used in the form of 
capsules, pills, coatings and encapsulation of biologically active drug molecules [1,2]. 

Polymers play a universal role in such compositions; they function as binding agents in capsules, film coating agents in 
tablets, and viscosity enhancers in emulsions and suspensions. 

Polymeric drug delivery systems are used for controlled drug delivery that ensures patient compliance. The polymers used 
in these systems must be non-toxic, biodegradable and biocompatible. The most commonly used polymers in drug delivery 
include cellulose derivatives, poly-N-vinyl pyrrolidone, polyethylene glycol, etc. includes. 
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Most "smart" polymers are used for immobilization and transportation of biologically active compounds and drugs. Smart 
polymers have the ability to change their shape and properties depending on environmental conditions [6-10]. Various 
environmental irritants include temperature, pressure, pH, electric and magnetic fields, light, changes in density, ionic strength, 
reduction potential, etc. belongs to Dissolution, precipitation, swelling, change in conformation, as well as changes in 
hydrophobic and hydrophilic properties are the responses to such irritants. 

Among the "smart" polymers, stimuli-responsive, pH-sensitive hydrogels are the most studied. These polymers have the 
ability to change their volume under the influence of various factors, especially external factors such as pH, temperature and 
ionic strength of the environment [11-15]. 

Among polymers, natural polymers are considered to be the most widely used materials that enhance the therapeutic 
effects of pharmaceutical preparations. Natural polymers are biodegradable, biocompatible and safe compared to synthetic 
polymers. Carbohydrate polymers are widely studied in biomedicine and pharmaceuticals. Polysaccharides include starch, 
pectin, guar gum, etc. It is used in the preparation of various types of medicinal forms. Preparations for the controlled 
separation of isoniazid and diltiazem were prepared by using quartz crystal. The importance of natural polymers is that they 
are not only used in traditional medicine, but also play a major role in the development of new delivery systems [16]. 

One of the natural polymers used in drug delivery is chitosan. Chitosan is used in various industries, including 
pharmaceuticals, lipid blocker and cholesterol-lowering additives [17], cosmetics, [18,19], medical tissue regeneration and 
wound healing preparations [18,19,20]. Among the various biopolymers available in nature, chitosan has attracted attention 
due to its unique antimicrobial properties [21]. In addition, chitosan is a non-toxic, biodegradable polymer with high 
biocompatibility, mucoadhesive properties, high absorption [22,23]. Due to such useful properties, chitosan is widely used in 
drug delivery systems [24,25]. Despite these attractive properties, chitosan also has its drawbacks, which include its poor 
mechanical properties and high degree of degradation. To overcome this problem, they are usually either sutured with 
occlusive agents or impregnated with other natural or synthetic polymers. The effect of various properties of chitosan is 
particularly important in terms of their utility in the development of innovative, multipurpose drug delivery systems [26]. 
Chitosan nanoparticles have anticancer properties, which have been confirmed by many researchers [27-39]. Evidence shows 
that they exhibit satisfactory biocompatibility with normal developing cells or tissues against oral [35], breast [36–39], prostate 
[40,41], glioblastoma [42], liver [43,44] and colon cancers. has been done. Apart from the release kinetics, the main evaluation 
of the anticancer effect of the emerging nanoparticles was to obtain the pH dependence of the release, which is very useful in 
targeted therapy [46]. Sensitivity to environmental pH helps overcome the problem of premature release of chemotherapeutic 
drugs during delivery. It eliminates the problems related to the difficulty of drugs entering cancer cells and side effects in 
normal organs. All these reports are extremely important; however, most of them require verification in the form of in vivo 
studies. 

2 MATERIALS 

Chitosan Mn=35 kDa (degree of deacetylation 85-87%), acetic aldehyde (≥99.0%), NaBH4 (purum p.a., ≥96%), acetic acid 
(Glacial), ethanol (95%), acetone (residue analysis, ≥ 99.9%), diethyl ether (containing 1 ppm BHT as inhibitor, anhydrous, 
≥99.7%), NaCl (BioXtra, ≥99.5%), acetonitrile from Sigma-Aldrich (anhydrous, 99, 8%). Methyl iodide (99%) stabilized with 
copper is from Acros Organics. 

3 PREPARATION OF HYDROGEL BASED ON N-METHYL, N-BENZYL CHITOSAN 

The synthesis of N-methyl N-benzyl based hydrogel of chitosan was carried out in two stages - first, both alkylation and 
arylation were carried out at the same time, and then the reduction process was carried out [47]. The synthesis process was 
carried out according to the known methodology based on the Schiff reaction. 1.5 g is suspended in 60 ml of 2% CH3COOH 
solution (which retains 7.29 mmol of -NH2 groups). A mixture of 0.81 ml of formaldehyde and 0.74 ml of benzaldehyde is added 
drop by drop and intensively mixed. 30 min. then the color of the solution changes from light brown to a white milky 
suspension. Stirring is continued for 4 hours under inert nitrogen atmosphere. In the end, a viscous-fluid gel is formed. After 
coming to a boil, the mass is allowed to rest for 12 hours, 8 ml of solution dissolved in 0.36 g of NaBH4 is added dropwise and 
stirring is continued for 2-3 hours. At this time, the pH of the environment is 4.0-4.5. After 4 hours, the acidity of the solution 
is raised to pH=10 by adding 1M NaOH (50ml). As a result, the gel collapses. First, the gel is washed with distilled water until 
the filtrate is neutral. Then it is washed successively with alcohol and collapsed in acetone. Finally, after extraction with diethyl 
ether for 4 days in Soxhlet, it is freed from diethyl ether until a constant weight is obtained at 40-50 ºC. 
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4 CHARACTERIZATION OF N-METHYL, N-BENZYL CHLORIDE CHITOSAN BY SCANNING ELECTRON MICROSCOPY 

Morphological surface images of chitosan, intermediate and final product were obtained by scanning electron microscope 
(SEM, JSM-6390, Japan). 

5 CONCLUSION 

In the course of the studies, the derivative of the protons in the amine groups in the chitosan macromolecule, in which both 
methyl and benzyl groups were included, was also used for the immobilization of levotrioxin-Na pentahydrate. The inclusion 
of both alkyl and aromatic radicals in the structure is of great interest in terms of properties of the newly obtained carrier, in 
terms of drug capacity, sorption, isotherms, thermodynamic parameters and release in certain environments for levotrioxin-
Na pentahydrate. The synthesis of N-methyl N-benzyl chitosan in the presence of methanal and benzaldehyde in an acidic 
environment and UV, IR and X-ray studies of the structure of the obtained product were carried out in [47]. 

The synthesis of the main matrix was carried out according to the method indicated in the work, the formation process of 
N-methyl N-benzyl chitosan was studied depending on the molar ratio of its components, the density and nature of aldehydes, 
the average molecular mass of chitosan, and the reaction time. It was determined that, as shown in the work, the hydrogen 
atoms in the amino groups in the chitosan structure are not completely replaced, and the structural composition of the final 
product obtained corresponds to the following chemical structure: 

 

 

Fig. 1. Proposed chemical structural composition of N-benzyl N-methyl chitosan 

Unlike the structural and spectroscopic analyzes conducted in the previous study [47], SEM morphological measurements 
of the product were performed and comparative analyzes were performed. SEM micrographs of the initial chitosan and the 
final product were recorded at the Institute of Biomaterials and Composites, Italy. First, the SEM surface morphologies of 
chitosan before alkylation, and then of the final product obtained after reaction with methanal and benzaldehyde were studied 
(Figure 2). 

  

Fig. 2. SEM micrographs of chitosan (left) and N-methyl N-benzyl chitosan 

As can be seen from the picture, the surface microstructures of the samples at the same 500 μm size and 200x magnification 
differ from each other. While the surface of chitosan appears smooth and microparticles, after alkylation, more wrinkles and 
unevenness are observed. Visible surface folds and densifications prove that the chitosan has undergone chemical 
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transformation. During the SEM analysis, the surface structure of the main product was viewed with 800 and 1500 
magnification and clearer images were obtained (Figure 3.) 

  

Fig. 3. SEM micrographs of N-methyl N-benzyl chitosan at different zoom states 

As can be seen from the picture, the same similar microstructure was formed on all surface areas of the main product. This 
proves that alkylation occurred equally in all fragments of the polysaccharide macromolecule. Alkylation of N-methyl N-benzyl 
chitosan with aldehydes covered the entire chain and did not cause the formation of small particles resulting from the 
degradation and breakage of the polymer chain. 

During the experiments, after the alkylation process, quaternization of N-methyl-N-benzyl chitosan and conversion from 
iodized derivative to chlorinated derivative was carried out, so SEM studies of that intermediate and final salt form were also 
conducted. Thus, the surfaces of N-methyl N-benzyl chitosan quaternized with methyl iodide and N-methyl N-benzyl chloride 
chitosan obtained from its ion replacement with NaCl have been proven to have different structures (Figure 4). 

  

Fig. 4. SEM micrographs of N-methyl N-benzyl chitosan iodide (left) and N-methyl N-benzyl chitosan chloride 

From the analysis, it was determined that when the main product was transformed into both iodized and chlorinated salt 
form, the crystallinity of the surface increased, and the sample showed itself in the characteristic form of crystalline substances 
with ionic bonds. This also proves that the main product quaternized with iodine and chlorine is in the form of an organic salt, 
and the ionic bond formed in the composition affects the surface morphology of the substance. 

The obtained results were also manifested in the energy-dispersive spectra showing the elemental analysis of the samples. 
The following figure shows the energy-dispersive spectrum of N-methyl N-benzyl chitosan iodine by elements. 
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Fig. 5. Energy-dispersive spectrum of N-methyl N-benzyl chitosan iodine 

As can be seen from the spectrum, since the sample was initially quaternized with iodine, the share of iodine in the 
composition is 9.8%. The percentage of carbon, oxygen and chlorine is 25.2, 28.3 and 11.5%, respectively. After ion substitution 
with NaCl, the change in the share of elements in the composition proves that the process is effective (Figure 6). 

 

Fig. 6. Energy-dispersive spectrum of N-methyl N-benzyl chitosan chloride 
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