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C-2-NH-CO-CH3

(1-1)
1

2-acetamido-2-deoxy-β-d-glucose
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O
O

OH

OH

OH

O
O

OH OOH
OH

OH

O
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:(1.1)

 2-amino-

2-deoxy-D-glucopyranose(1-4)

NH2

5,6

7
 



hydrophilicity

7,88

pH  6.5
8



1.2

50
9

1-1

(1.1)

Chitin ActivationStep 1

(p-

benzoquinone, PBQ)6

 

Chitin aminationStep 2



6

Aminated Chitin DeacetylationStep 3

NaOH120C150

9



1.3

1

1,1011

2

12-14

12,15

1.3.1

pH

pH

16

(Chitosan nanoparticles)

oligonucleotide
12

DNA

DNADNA



DNADNA

17

(complex)

18

DNA

)(
19

20

polyelectrolyte

DNA
19

Chitosan- dendrimer hybrid

dendrimerhost-

guest chemistry

21

22



5,23

glucosaminolglycan, GAG

(1-4)-linked-D-glucosamineacetyl-D-glucosamine

5
tyrosinase

24

homopolymer

copolymer

(1-1)
1

25

pH



26

Hydroxypropylcellulose
27

(1.1)

   

 

 Formyl, acetyl, propionyl, butyryl, lauroyl, 

hexanoyl, octanoyl, decanoyl, dodecanoyl, 

tetradecanoyl, stearoyl, benzoyl, myristoyl, 

succinyl, palmitoyl, monochloroacetyl, 

dichloroacetyl, trifluoroacetyl, carbamoyl, 

acetoxybenzoyl 

N-Acyl Chitosans 

 

 N-Carboxybenzyl, glycine-glucan (N-

carboxymethyl chitosan), alanine glucan, phenyl 

alanine glucan, tyrosine glucan, serine glucan, 

glutamic acid glucan, methionine glucan, leucine 

glucan 

N-Caroxyalkyl 

(aryl) Chitosans 

 

 o-Carboxymethyl,crosslinked-o-carboxymethyl o-Carboxyalkyl 

Chitosans 

 

 Palladium, copper, silver, iodine Metal ion 

chelates 

 

 Copolymer of chitosan with methyl methacrylate, 

polyurea, urethane, poly(amideester), acrylamide-

maleic anhydride 

Semi-synthetic 

resins of Chitosan 



 

 Chitosan glucans from various organisms 

 Alkyl chitin, benzyl chitin, Hydroxy butyl chitin, 

cyanoethyl Chitosan, Hydroxy ethyl glycol 

Chitosan, Glutaraldehyde Chitosan, Linoelic acid–

Chitosan complex  

 Uracylchitosan, theophylline chitosan, adenine-

Chitosan, Chitosan salts of acid polysaccharides, 

 Chitosan streptomycin, 2-amido-2,6-

diaminoheptanoic acid Chitosan 

Natural 

polysaccharide 

complexes, 

miscellaneous 

 

1.3.2

6

salting out

HCl

pK = 6 ± 0.1

 1

(NH2)

OH

pHprotonation

2



isobutylNO

isobutyl Chitosan

28

HClHNO3H3PO3

29

 
30-33

 
34,35

  PEGylation
17

36-39

40

41

2

1.3.3



41

0.35
1

9080

42

43

lipopolysaccharide, LPS)

LPS

44

 

IRNMR H
1
-NMR 

 C
13

-NMR

HCl

+
NH3NaOH



(H
1
NMR)

2

MWDSpH

carboxymethyl Chitosan, NOCCS

45

1.3.4

 M.W

HPLClight scattering

M.WαKMark-Houwink 

0.1M0.2MNaCl

10
-3

M 
0.93

×1.81  =[η] 

 

1.03×10
6

2.5×10
6

1×10
5

5×10
51,2



Rheology

46

1.3.5pH

pHNH2GT

10

pH
5

pH
47

PHPMAPVAPAAC 

48
pH

22-25C7, 6pH
49

6, 5pHXanthan4-6.8 pH

5051
FeO(OH)

pH

FeO(OH)

FeO(OH)

 pH 7



FeO(OH)dextran 

sulfate, hyaluronate, heparin, chondroitin sulphate

composites
18



1.4

1.4.1Maillard reaction 

%1%2

0.2MpH= 6 50C 70C

 7-1

pH=10

52

1.4.2

OHNH2

53,54



borohydride(1-2)

53

4

5glycidyltrimethylammoniumchloride, GTMAC6

Chitosan-supported 

borohydride exchange resin, CBER

7
53

H
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O

O
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2
OH

NH
2

OH

emulsion HCHOHO -  CS  -NH
2 N = CH

2

P - NH
2

NH - CH
2
 -CH -CH

2
N (CH

3
)
3
Cl

CHCH
2
ClCH

2

O

N (CH
3
)
3
 Cl

O

-
H

+

NH - CH
2
 -CH -CH

2
N (CH

3
)
3
 BH

4

KBH
4 -

-

P

P

P

+

+

+

2
4

5 6

7
 

(1.2)

1.4.3N-nicotinoyl-L-or D-phenylalanine

N-nicotinoyl-L-or D-phenylalanine

tritylchitosan



spacer arms

55

56



1.5

1.5.1N

C-2

C-6, C-3amino-2-deoxy-D-

glycoside

N-acylN-alkylidene

N-arylidene(1-2)
6

(8)suspension

(1-2)

40C

N-acylC/N

57

H
H

n

 

O

O
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2
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H

H

H X

OH
X =

NH

O

R

R-CH

N

R =aryl or
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H
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n
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O
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2
OH

H

H

H NH
2

OH
H

H

n

 

O

O

CH
2
OH

H

H

H NH

OH

C = O

(RCO)
2
O

CH
3
OH

R

2 8

 

(1-2)



  TGA

280C320CN-acylchitosan

320C400C

 320C - 280C

N-acylchitosan390C - 320C

57

4´-formalbenzo-15-crown-59

9NH229

(1-3)11(1-4)

α-phenylethanone

58



(1.3)

(1.4)

N-acylchitosan

%72-45%2N

%85-75

2(1:2)

59

1.5.2

(Pectinase)

60

(1-5)12



(beads) 

(Trypsin)
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HO
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O O
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2 NH

2
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OH CH
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H H
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2
N.ENZYEME O

O

OOO

O

CH
2
OH CH

2
OH

H

H H
H H

H

N = CH
2

H -C =N- ENZYME

N = CH
2

Enzyme immobilized chitosan

2
12

+ +

(1.5) 

1.5.3

methoxypoly(ethyleneglycol)-b-poly(-caprolactone) copolymer

62

(morchella)%16

63

(micro-bubbles)

NaBH3CN



pH=5

(dialysis)

64

(P(LLA-CL))poly(L-lactid-co--caprolactone),

P(LLA-CL)

P(LLA-CL)

65

1.5.4

tinidazole

66

1.5.5

(Me3N-SO3)13,14,15



(1-3)
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(2:9 

-

2 13
14

15

0 30 min

(1.3)

1.5.5.1(2-iminothiolane)

2-iminothiolane

(Chitosan-4-thiobutylamidine conjugate, CS-TBA conjugate) (16)(1-6)

glutathione, GSH

68,69
(thiomers)(thiolated 

Chitosan)bioavailability
70



(Chitosan N-methylene phosphonic, 

NMPCS)quaternized Chitosan
71

H
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O OH OH
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OH CH
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NH NH
2

O OH OH

(a)
+

+

2

16

(1.6)

1.5.5.2DNA

Thiolated Chitosan

DNA

H2CS-SS-CSH2SCS-S-CS(1-2)
72



Thiol-bearing ligands

130
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O
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(1.2)

1.5.5.3



 (TMCS)

(pH)
74

1.5.6(Guanidinylated Chitosan) 

(210kDa)0.2M 

HClpH=8-9%5

pH=7-7.5(aminoiminomethanesulfinic acid, 

AIMSOA)1:150C 15

(20)

(1-7)Staphylococcus aureusBacillus subtilispH=6.6

pH
75
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+
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20

1918

(1.7)

1.5.7

%96



76
(1-4)23

N-Triethylchitosan, TECSN-

Trimethylchitosan, TMCS(1-3)TECS

TMCS
77

H

O

O

O

CH
2
OH

NH
2

RCHO
NaBH

4

CH
3
I

NaOH , NaI

Quaternized  N-alkyl chitosan

H

O
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O

CH
2
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N  ( CH
3
)
2
I

CH
2
R

H

O

O

O

CH
2
OH

NH

H

O

O

O

CH
2
OH

N= CHR

Schiff s base

N-alkyl chitosan

CH
2
R

-+

2

21

22 23

:(1.4)

(quaternized 

chitosan derivatives)(tertiary amines)

N-chloroacyl-6-O-triphenylmethyl chitosan
19
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25

:(1.3)(a)(b)(c)(d)

(caco-2)
78

N-

diethylmethylchitosan, DEMCS(1-4)

79
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26

27

:(1.4)(a)(b)n

(c) DEMCS

23(N-(2-

hydroxy)propyl-3-trimethylammonium Chitosan chloride, HTCSC)

Ionic (gelation) prossecesHTCSC



(TPP)

(NH2)

(BSA)HTCSC110-

180nm(encapsulation)%90HTCSC

BSA%42%8

%47.6%2PEG1.0mg/ml20.0mg/ml

%14.5%25.40.3mg/ml1.0mg/ml
80

81

 .1.5.8-g-(Ac-g-CMCS)(30) 

30-O(CMCS)

40ºC

cerric ammonium nitrate, (CAN)10 ml 0.3MHNO3

82
(CMCS)(28)

(monochloroacetic acid)

CMCS
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(1-5)30
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(1.5)(30)

 .1.5.9(N,O-carboxymethyl)chitosan

(N,O-carboxymethyl chitosan)

(Monochloroacetic acid)NaOH

pH
84

82

 .1.5.10

Phosphorylation

(apatite)(osteo-conduction)

(1.8)

85,86,87

phosphorylatd Chitosan, p-Chitosan)(p-Chitin)

DMF(1.9)

●

●● 

●

●● 

●
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(1.9)

(N-methylene phosphonic Chitosan, NMPCS)35

13
(1-5) 
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: (1.5) 

PVA(36)(N-methylene 

phosphonic Chitosan (NMPCS)/PVA)Composite

PVAQC/PVA37

(NMPCS\QC\PVA)

(zwitter ionic)
88
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(1.6)

.1.5.11 

(disodium ethylenediamine tetraacetate)

46

1.5.12

(Poly(aminopropylethoxysiloxane))

(Microdomains)

89

 .1.5.13(PAN)



(HACCS)(PAN)

(diisocyanate)
90



1.6

1.6.1

91

anti-tumorblood compatibility

13,67,92,93

 

1.6.1.1

 

45

9495

1.6.1.2

Thermoplastic 

polyurethane, TPU)

91

(polypropylenes)

96



1.6.1.3

(CS-NX)

(clay)

Na
+
X

-

(bionanocomposite)

(nanocomposite)

97

(Biosensor)

98

(electrocopreciptation)

99

1.6.1.4



100

polypyrrole

polypyrrole

polypyrrole

HNpolypyrrole

polypyrrole
101

43

Ti
+4

, V
+5

, Mo
+6

, U
+6

(1-6)(U)

100pH=4-8

ICP-AES
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+2103
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+2105
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pHAg
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:(1.6)

(CTA)

CTA

Cu
+2

pb
+222

(1-

7)(Tissue engineering)polysaccharide 

arabinogalactan, AGAG

107

CNT
108,109
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pH 8.5,37C , 24h

NaBH4 
RT,12h

44 45

46

47

(a)
(b)

(c)

(d)

:(1.7)(a)(b)(c)

(d)

1.6.1.5

(UV)

(oxetane)



110

1.6.2

1.6.2.1

(N-Succinyl Chitosan)

111112,11394,111,113

(polymethacrylic acid-

Chitosan polyether, PMCSP)

polyethyleneglycol-polypropylene glycol copolymer

pH

114

115

(insulin, buserlin)

94,116

1.6.2.2



(mesenchymal stem cell, MSC)chondrogenic

117

(transforming growth factor-B1, TGF-B1)

(Cartilegeneous tissue engineering)
118119

120

1.6.2.3

(Calcium phosphate cement)

(Calcium phosphate cement, CPC)

121
Hydroxyl Apatite, Hap

122

1.6.2.4



N-

hexanoyl Chitosanmodified Chitosan iron oxide 

nanoparticales, (MCS-IOPS)(MRI)

123

1.6.2.5

poly(lactide-co-glycolide), (PLGA)CS/PVA

(electrospining)(Human embryo 

skin fibroblasts, HESFs)

124

1.6.2.6



DNApolyethylenimine, (PEI)

polylysine, PLL

transfectionPEI

(CS-g-PEI)oligo-CSoligo-PEICS-g-PEI

PEI(in-vivo)

(in-vitro)
125

1.6.2.7

 

Helicobacter pylori 
126

1-[N(5-

aminopentyl)urea]-5-fluorouacil, (Ap-5FU)dipalmitoyl phosphatidyl choline, 

(DPPC)

AP-5FU
127

(sodium tripolyphosphate, STPP)

5-aminolaevulinic acid, 5-ALA

(colorectal cancer)
128

Felix01

129



 


