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Modification of chitosan has become an important means to obtain chitosan polymers with better properties. In
recent years, the application properties of chitosan have been greatly improved by modification, crosslinking,
grafting and other modification methods. In order to improve its poor solubility and weak stability and expand
its application scope, physical and chemical methods are often used to modify chitosan. As an important
natural biomaterial, the modification and application of chitosan have attracted wide attention. This paper
briefly summarizes the degradation and modification methods of chitosan at home and abroad and its
research results in biomedicine. The interaction of the interface of the knife polymer composite system and the
bonding effect of the coupling agent on the interface of the composite were analyzed by computer simulation.
The simulation results show that the interaction between the surface and the three polymer segments is the
strongest. These results indicate that chitosan is a kind of biomaterial with excellent performance and has
broad application prospects.
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Abstract. Modification of chitosan has become an important means to obtain chitosan polymers
with better  properties.  In  recent  years,  the application properties  of chitosan have been greatly
improved  by  modification,  crosslinking,  grafting  and  other  modification  methods.  In  order  to
improve  its  poor  solubility  and  weak  stability  and  expand  its  application  scope,  physical  and
chemical  methods  are  often  used  to  modify chitosan.  As an  important  natural  biomaterial,  the
modification  and  application  of  chitosan  have  attracted  wide  attention.  This  paper  briefly
summarizes  the degradation and modification methods of  chitosan at  home and abroad and its
research results in biomedicine. The interaction of the interface of the knife polymer composite
system and the bonding effect of the coupling agent on the interface of the composite were analyzed
by computer simulation. The simulation results show that the interaction between the surface and
the  three  polymer  segments  is  the  strongest.  These  results  indicate  that  chitosan  is  a  kind  of
biomaterial with excellent performance and has broad application prospects.

Introduction

Chitosan is obtained by deacetylation of chitin, and its biosynthesis is second only to cellulose.
Chitosan is the only alkaline polysaccharide in natural polysaccharides. It is called the “sixth major
factor” in addition to the five major elements of human life essential substances except protein, fat,
sugar,  vitamins  and  minerals  [1].  Chitin  is  a  carbohydrate,  a  natural  N-acetylated
aminopolysaccharide, widely found in nature in low-level biological fungi, algae cells, shells of
shrimp, crabs, insects,  shells  and cartilage of mollusks.  ,  fine plants and so on.  It  is soluble in
organic acids such as acetic acid, and has non-toxicity, biodegradability, good biocompatibility, etc.
In addition, there are many amine groups and carboxyl groups in chitosan molecules, which are
easy to be chemically modified and modified [2]. In addition, the structure of chitosan is simple and
its function is single, which can not meet the higher application requirements. Polymer segments
with  different  functions  and compositions  can  be  introduced  into  chitosan  branched  chains  by
grafting modification [3]. Through computer simulation, we can study the effects of the surface
microstructures of biomaterials and the external chemical environment on the interaction between
biomaterials and organisms at the atomic and molecular level [4]. It provides a valuable theoretical
basis  for  the  surface  modification  of  biomaterials  with  good  biocompatibility  and  bioactivity.
Chemical modification of chitosan can improve its physical and chemical properties, broaden the
application fields of chitosan and its derivatives, and is one of the hot topics in recent years. China
has abundant chitosan resources and superior conditions for production and processing. Therefore,
it is of great significance to develop and utilize this resource. 

Chemical Modification of Chitosan 

Acylation Reaction
Chitosan is  a product of chitin N-deacetylation,  which is second only to cellulose in natural

polymers.  Its  structural  formula  is  shown in  Figure  1  below.  Chitosan  introduces  aliphatic  or
aromatic acyl groups of different molecular weights on macromolecular chains by reaction with
acid chlorides or anhydrides [5]. The acylation reaction can be carried out on a hydroxyl group (O-
acylation)  or  an  amino  group  (N-acylation).  Chitosan  is  widely  used  in  the  water  treatment,
biomedical, cosmetic, agricultural and food industries due to its numerous advantages: non-toxic,



biodegradable,  biologically  active,  biocompatible  and  antibacterial.  Therefore,  it  is  a  very
interesting research topic to select appropriate conditions and methods to control the degradation of
chitosan and prepare chitosan oligosaccharides  to expand the application range.  Acyl  groups in
acylated  chitosan  and  its  derivatives  destroy  the  hydrogen  bond  between  chitosan  and  its
derivatives,  change  their  crystal  structure  and improve the  solubility  of  chitosan  materials  [6].
Computer simulation, as a means of scientific research in addition to experimental research and
theoretical research, can study the physical and chemical properties of materials at different time
and  space  scales,  from  electrons  to  intermolecular  interactions,  from  micron-sized  defects  to
millimeter-sized  bulk  materials  [7].  Water-soluble  N-acetylated  chitosan  was  prepared  in  ionic
liquid aqueous solution. The hygroscopicity and moisture retention properties of the product were
studied.  The  results  showed  that  the  product  had  good  hygroscopicity  and  heat  preservation
properties. 

Fig. 1 Molecular structure of chitosan
Alkylation Reaction

The  alkylation  reaction  generally  refers  to  the  reaction  of  chitosan  with  a  halogenated
hydrocarbon or sulphuric acid vinegar to form an alkylated product which can occur either on the
carboxyl group or on the amino group. However, since the activity of the amino group is large, the
N-alkylation reaction is more likely to occur. This reaction is characterized by the simultaneous
introduction of two hydrophilic hydroxyl groups. For example, when chitosan reacts with an excess
of an epoxy derivative in an aqueous solution, two H groups on the molecular amino group are
substituted, and the resulting product is easily dissolved. In the water. The results showed that the
copolymer had a high adsorption capacity for ampicillin, and the drug release period was as long as
7d or more [8]. This is due to the hydrophobic interaction of hydrophobic side chains on the grafts
and the interaction of hydrogen bonds between the molecules. It was observed that the hydrogel
contained three different states of water: frozen water (free water), non-frozen water (bonded water)
and frozen bonded water. Adding nano-materials to chitosan can not only increase the mechanical
properties of chitosan, but also change its microstructures. This kind of composite material has a
great application in tissue engineering [9]. N-alkylated chitosan was prepared by the reaction of
halogenated alkanes with chitosan of different carbon chain lengths. Characterization showed that
the intermolecular hydrogen bond and crystallinity of chitosan were weakened after the introduction
of alkyl groups, and that the alkylated chitosan cross-linking membrane had no cytotoxicity.
Esterification Modification

The hydroxyl  group of chitosan,  especially C6-OH, can be esterified with some oxygenated
inorganic  acids  (or  their  anhydrides).  Common  vinegarization  reactions  are  sulfated  and
phosphated. The sulfurization of chitosan is the most attractive area in its chemical modification. In
addition, such reactions may also occur on the amino group of chitosan. The acidification reaction
of chitosan has been mainly studied by sulfation reaction and phosphation reaction.  The use of
computer simulation technology to study the surface interface of biomedical materials is superior. It
can analyze the role of different parts of this complex system in complex systems, and analyze the
macroscopic  nature  of  the  speculative  system  from  a  microscopic  perspective  [10].  A
polyelectrolyte composite membrane of chitosan and carboxymethylcellulose exhibits good water
permeability when used for pervaporation separation of ethanol water. The results show that the
modified carboxymethyl chitosan nanoparticles have spherical structure and narrow particle size
distribution.  Compared  with  folic  acid-chitosan  composites,  the  encapsulation  efficiency  of
modified Carboxymethyl-chitosan particles was significantly improved, and the particle size was
significantly reduced. The degradation of chitosan by radioactive radiation can produce physical



effects  such  as  ionization  or  excitation,  and  then  produce  chemical  changes,  which  can  form
chemical bond-radiation cross-linking between molecules [11]. Interaction with DNA. The results
show  that  there  are  two  modes  of  intercalation  and  electrostatic  interaction  between  sulfated
chitosan and fluorescent probe DNA/EB. Sulfated chitosan is a promising target molecule for gene
therapy.

On the premise of guaranteeing the simulation accuracy, the simulation samples should be as
small  as  possible.  On the  other  hand,  the  degree  of  polymerization of  the  molecular  segments
selected  by simulation  should  be  large  enough.  The  simulated  A-D glycoside  bond content  of
chitosan with 70% deacetylation degree should be taken as the evaluation index. According to the
above method, the number of simulated molecules is determined. The operation results are shown in
Figure 2.

Fig. 2 Simulated results of different molecular numbers
Carboxymethylation Reaction

The light group or amino group on chitosan reacts with Chloroalkyl acid or glyoxylic acid under
different  reaction  conditions  to  obtain  corresponding  carboxylated  chitosan  derivatives.  For
example,  O-carboxymethyl  chitosan  can  be  obtained  by  the  reaction  of  chitosan  with
monochloroacetic acid in alkaline condition, and N-carboxymethyl chitosan with glyoxylic acid can
be obtained by the reaction of chitosan with glyoxylic  acid.  A series of hydroxyethyl  chitosan-
grafted  polylactic  acid  copolymers  with  different  compositions  were  prepared  by ring-opening
polymerization of racemic lactide initiated by hydroxyethyl chitosan as macromolecular initiator.
The  grafting  rate  was  greatly  increased  [12-18].  The  basic  process  of  molecular  dynamics
simulation is to determine the force field parameters for each particle in the research system through
a pre-customized force field, determine the initial coordinates and initial velocity of each particle of
the system, and calculate the interaction force between the particles. Hydrophobyl modification of
carboxymethyl chitosan can be accomplished by two different methods, one by adding a positively
charged surfactant  and by electrostatic  interaction  to  form a  surfactant-polyelectrolyte  complex
(SPEC) [19 -23].  The second is  to  introduce a  hydrophobic  side chain on the  amine  group of
chitosan by an N-alkylation reaction. The results showed that the antibacterial activity of chitosan
was obvious; the water solubility of N, O-carboxymethyl chitosan increased and the antibacterial
activity decreased.

Graft Copolymerization Modification of Chitosan and Its Application in Biomaterials

There are many active groups in the molecular chain of chitosan, so the graft copolymerization
of  chitosan can be carried out  on the basis  of fully retaining the original  skeleton structure of
chitosan, so as to improve their properties and meet some special requirements. Because of its good
adsorption  and  selectivity  to  metal  ions  and  dyes,  cross-linked  chitosan  can  be  used  as  a



concentration and separation agent and wastewater treatment agent.  Crosslinking occurs mainly
between molecules and is not excluded from the molecule. Chitosan oligosaccharides have been
found to exhibit unique functional properties in many ways: they are growth factors of beneficial
bacterial  bifidobacteria  in  the  intestine;  they reduce  cholesterol  and  lipid;  and they inhibit  the
metastasis of some cancer cells. A series of chitosan-polyglutamic acid composite hydrogels were
prepared with hydroxyapatite particles as fillers. This hydrogel not only has a high gel content, a
low  water  absorption  rate,  but  also  a  slow  degradation  rate.  A series  of  oppositely  charged
polyelectrolytes can also be formed into ultrafiltration membranes by self-assembly, which can be
used for the separation of gases, liquids and ionic compounds. The molecular dynamics simulation
makes the research system reach equilibrium, and finally the macroscopic physical properties of
interest  are  calculated  according  to  the  model  of  the  equilibrium  system.  The  aggregation
phenomenon of chitosan grafted polyethylene glycol copolymer in aqueous solution was studied
and  analyzed,  which  indicated  that  the  aggregate  structure  of  the  grafted  product  in  aqueous
solution could adsorb hydrophobic small molecules in a certain pH range[34 – 41]. The prepared
chitosan grafted styrene-acrylic copolymer emulsion is applied to the sizing of cultural paper, which
can improve the printing suitability of the cultural paper.

Due to different degradation methods, different glycosidic bonds on the chitosan molecular chain
have different selectivity or degradation ability, and chitosan with different degrees of deacetylation
has different glycosidic bond contents in the molecule, which is different. Undoubtedly affect the
rate  of  degradation.  Table  1  below shows the  relative  contents  of  various  glycosidic  bonds  of
chitosan with different degrees of deacetylation.

Table 1 The relative content of various glycosidic bonds of chitosan with different degrees of
deacetylation

Degree of
deactylation(DD)

(%)

Relatiye content of
A-D glycosidic
bonds (FA-D)(%)

Relative content of
A-A glycosidic
bonds (FA-A)(%)

Relative content of
D-D glycosidic
bonds(FD-D)(%)

66 46 24 31
58 40 33 28

The derivative of polyethylene glycol is grafted onto chitosan to form a graft copolymer of both.
The entire reaction is divided into two parts: the polyethylene glycol monomethyl ether sodium salt
and methyl-chloroacetate are reacted to obtain a carboxymethyl polyethylene glycol. It was found
that the composite adsorbent can reach the kinetic adsorption equilibrium at a faster rate for Ni2+.
The viscose fiber was used as the substrate and the chitosan was used as the antibacterial agent. The
chitosan/viscose fiber blended regenerated fiber was prepared, and the Staphylococcus aureus was
used as the test  strain [42 – 50].  The results  showed that  the fiber  had deodorant  The role  of
sterilization. Chitosan graft graft copolymers are often used as tissue engineering materials. For
example,  when  chitosan  grafted  polylactic  acid  is  used  as  tissue  engineering  material,  it  can
effectively improve the interaction between cells and the mechanical properties of chitosan. Then it
was  copolymerized  with  polycaprolactone  ester,  and  finally  the  phthalic  acid  was  removed  to
prepare chitosan-grafted polycaprolactone copolymer. This method is a better tool reaction method
for chitosan and hydrophobic polymers. On this basis, the degree of substitution of hydroxypropyl
trimethylammonium chloride was determined and the solution properties were studied. The results
showed that  hydroxypropyl  trimethylammonium chloride  synthesized  by introducing quaternary
ammonium salt side chain into the molecular structure of chitosan had good water solubility and
high stability.

Chitosan oligosaccharides have excellent water solubility, and their hygroscopicity and moisture
retention abilities are significantly higher than those of hyaluronic acid, sodium lactate and glycerol,
which  can  make  cosmetics  have  lubrication  and  sustained  moisture  retention.  Sodium
carboxymethyl chitosan (CMCTS) was synthesized by the reaction of chitosan with chloroacetic
acid in the presence of alkali catalyst. Then sodium acrylate and sodium methacrylate were grafted
onto CMCTS to prepare water-soluble copolymers. In addition, chitosan can induce immune system
to  produce  antibodies,  macrophages,  natural  killer  cells  and  interferons,  and  then  activate



macrophages, which directly participate in the activation and regulation of cells, and show anti-
cancer  effect.  In  vitro  gene  transfection  experiments  revealed  that  chitosan-grafted
polylysine/deoxyribonucleic acid (pDNA) complexes have higher gene transfection ability to 293T
cells  than  p-DNA and  other  polymers,  chitosan,  and  PLL.  Complex.  It  not  only  has  good
compatibility with cartilage tissue, but also maintains the shape of the tissue. It can be used as a
biological scaffold for injectable cartilage regeneration. Among them, when the oppositely charged
two  component  solutions  are  blended,  a  unique  spherical  skin-like  macroscopic  aggregate  is
formed,  which  can  be  used  for  coating  bioactive  substances  such  as  drugs  and  enzymes.  By
studying the structural changes of chitosan and its derivatives, the resistance of chitosan derivatives
to staphylococci and Escherichia coli was also explored by live cell cytometry. The test showed that
this derivative has good antibacterial ability.

Summary

Chitosan and its derivatives are attracting more and more attention as researchers, and in recent
years, a large number of studies on chitosan modification and application as biomaterials have been
made at home and abroad. Chitosan can be graft modified by various polymerization methods such
as  active  controlled  polymerization,  and  various  graft  copolymers  with  various  structures  and
compositions can be obtained, which opens up a new direction for the functionalization of chitosan.
It also opens up new avenues for the application of chitosan, a natural biomaterial. Because of its
excellent performance, abundant storage, and special molecular structure, it can be easily modified
to  make its  mechanical  and biological  properties  more  widely and better  regulated.  The active
amino and hydroxyl groups on chitosan can be used to introduce new groups through modification,
crosslinking,  grafting  and  other  modification  methods.  The  graft  copolymers  with  improved
properties can be obtained, which has important scientific research value and economic value. Such
as medicine, environmental protection, food, daily chemical, agriculture and so on. At the same
time, chitosan has a wide range of sources, cheap and easy to obtain,  and its development and
application prospects will be very broad.
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