
 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Application of surfaced-deacetylated chitin nanofibers to medical and 

pharmaceutical fields 
 

 

Ryo Tabuchi 
 

March, 2018 
 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Application of surfaced-deacetylated chitin nanofibers to medical and pharmaceutical fields 

Ryo Tabuchi 

 

Chitin, a linear polymer composed of β (1-4)-N-acetyl-D-glucosamine unit, has been proposed for 

use as a functional material in medical and pharmaceutical fields, because of its biocompatibility, 

biodegradability, the absence of toxicity, adsorption properties and free radical scavenging activities. 

Recently, surface-deacetylated chitin nanofibers (SDACNFs) were prepared by Ifuku et al., by partial 

deacetylation of the amide groups on the surface of the chitin nanofibers. SDACNFs have various 

physiological activities such as lipid absorption inhibitory and wound healing effects etc. However, our 

knowledge on medical uses of SDACNFs is currently limited. Therefore, we investigated the application 

of SDACNFs to medical and pharmaceutical fields. 

 

1) Renoprotective and antioxidant activity of SDACNFs in nephrectomized rats 

 

In this study, we described that SDACNFs are more effective in decreasing renal injury and oxidative 

stress than deacetylated chitin powder (DAC) in 5/6 nephrectomized rats. An oral administration of low 

doses of SDACNFs over a 4 week period resulted in significant decreases in serum indoxyl sulfate, 

creatinine and urea nitrogen levels, compared with a similar treatment with DAC or AST-120. The 

SDACNFs treatment also resulted in an increase in antioxidant potential, compared with that for DAC 

or AST-120. Immunohistochemical analyses also demonstrated that SDACNFs treated nephrectomized 

rats showed a decrease in the amount of accumulated 8-OHdG compared with the non-treated group. In 

in vitro studies, the interaction of SDACNFs with a uremic toxin, indole molecule, was much higher 

than that for DAC. These results suggested that the ingestion of SDACNFs results in a significant 

reduction in the levels of pro-oxidants, such as uremic toxins, in the gastrointestinal tract, thereby 

inhibiting the subsequent development of oxidative stress in the systemic circulation. 

 

2) Application of SDACNFs sponges for the wound healing 

 

Beschitin® is a commercially available chitin-containing wound dressing and widely used in clinical 

fields. In this study, we described that SDACNFs sponges are more effective in wound healing of model 

rats than Beschitin®. The wound areas of the excision rats were significantly decreased by the application 

of SDACNFs sponge groups, compared with those of the non-treated or Beschitin® group, on days 4, 8, 

10, 12 and 14. In histopathological studies, the complete skin generation including re-epithelium was 

observed only in SDACNFs sponge groups, whereas the re-epithelium generation was not adequate in 



the non-treated and Beschitin® groups. SDACNFs sponges had a higher water-absorbing property than 

Beschitin®, which may contribute to the more effective wound healing. The results indicated that 

SDACNFs sponges were superior to Beschitin® in the wound healing effect. 

 

3) SDACNFs reinforced with sulfobutyl ether β-cyclodextrin gel containing prednisolone as potential 

therapy for inflammatory bowel disease 

 

SDACNFs reinforced with a sulfobutyl ether β-cyclodextrin (SBE-β-CyD) gel were developed to 

obtain a controlled release carrier of prednisolone (PD) for the treatment of colitis. PD was released 

slowly from the gel at both pH 1.2 and 6.8. The in vitro slow release of PD from the SDACNFs/SBE-β-

CyD gel was reflected in the in vivo absorption of the drug after oral administration to rats. These results 

suggested that a simple gel composed of a mixture of SDACNFs and SBE-β-CyD has the potential for 

use in the controlled release of PD. We also evaluated the therapeutic effects of the SDACNFs/SBE-β-

CyD gel containing PD on dextran sulfate sodium (DSS)-induced colitis model mice. The administration 

of the SDACNFs/SBE-β-CyD gel at intervals of 3 days from the beginning of the DSS treatment resulted 

in a significant improvement, not only in colitis symptoms but also histopathological changes in colon 

tissue. In addition, the therapeutic effects of the SDACNFs/SBE-β-CyD gel on colitis can be attributed 

to decreased levels of neutrophil infiltration and the development of oxidative stress. These efficacy 

profiles of the SDACNFs/SBE-β-CyD gel containing PD suggested that it has the potential for use in 

the treatment of, not only colitis, but also a variety of other disorders associated with inflammation and 

oxidative injuries.  

 

The prophylaxis or therapy associated with combined uses of drugs with SDACNFs will give a new 

strategy for antioxidant treatments in several types of diseases including renal failure, because the 

antioxidant effect of SDACNFs is unique and differs from that of other conventional antioxidants. 

Further, SDACNFs/SBE-β-CyD gels are useful for preparing homogeneous high-content gels capable 

of carrying poorly water-soluble drugs. In conclusion, SDACNFs or their derivatives could be used for 

several clinical applications because of their safety and multifunction. 
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AUC  Area under the blood concentration- 
  time curve 
BA  Bioavailability 

BUN  Blood urea nitrogen 

CRF  Chronic renal failure 
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PAO  Plasma antioxidant potential 
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Fig. 1. Structures of chitin (left) and chitosan (right). 
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Fig. 2. Appearance of CNFs and SDACNFs. 

CNFs : S. Ifuku, Molecules, 19, 18367-18380 (2014). 

SDACNFs : M. Egusa et al., Int. J. Mol. Sci., 16, 26202–26210 (2015). 
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Fig. 3. Proposed mechanism for the renal protective and antioxidative effect by SDACNFs. 
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Fig. 4. Adsorption ability of SDACNFs, DAC, AST-120 and CNFs against indole after 1hr (A) and 24hr 
(B). Results are shown for SDACNFs (black circle), DAC (white circle), AST-120 (gray circle), CNFs 
(white square). 
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Table 1. Adsorption parameters determined from Langumuir adsorption isotherms. 
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Table 2. Serum biochemical parameters after administration of SDACNFs, DAC and AST-120 to the 
CRF rats. 
 
 

 

 

 

 

 

 

 

 

 

Values are expressed as the mean ± SEM (n = 4-6 rats per group). 
#p < 0.05, compared with CRF rats.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Effects of SDACNFs, DAC and AST-120 treatments on indices of oxidative stress using plasma 
antioxidant potential (PAO). 
Results are shown for 0 (white) and 4 (black) weeks. Results are expressed as the mean ± SEM (n = 4-
6 rats per group). 
#p < 0.05, compared with CRF rats. 
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Fig. 6. Micrograph images for the renal tissue of CRF model rats after administration of SDACNFs. (A) 
Periodic acid–Schiff (PAS) staining, (B) Masson’s trichrome staining, and (C) immunofluorescence 
staining of renal 8-OHdG (8-hydroxy-2 -deoxygenase) images. Non-treated CRF rats and SDACNFs-
treated CRF rats were measured after 4 weeks of administration as described in materials and methods. 
Each scale bar indicates 200 μm. 
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Fig. 7. Strategy to control renal failure progression. 
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Fig. 8. The stages of the wound healing process. 
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Fig. 9. Preparation of SDACNFs sponge. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 10. SEM images of surface of SDACNFs sponge and Beschitin®. 
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Fig. 11. Contact angular variation of SDACNFs sponge.  
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Fig. 12. Amounts of absorbed water and appearance of SDACNFs sponge and Beschitin® before and 
after immersion. 
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Fig. 13. Schematic study design of the excision wound model. The experimental procedures for the 
excision wound model are shown in a box. 
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Fig. 14. Effects of SDACNFs sponge and Beschitin® on wound areas in the excision wound model. Data 
are presented as the mean ± S.D. n = 7–8 in each group. Each letter indicates a significant difference as 
follows; a: p < 0.01 compare with the untreated group, b: p < 0.05 compared with the untreated group, 
c: p < 0.01 compared with the Beschitin® group, d: p < 0.05 compared with the Beschitin® group (A). 
Histopathological assessment of the effects of SDACNFs sponge and Beschitin® (B). 
Each scale bar indicates 100 μm. 
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Fig. 15. Structure of sulfobutyl ether-cyclodextrins.  
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Fig. 16. Preparation of SDACNFs/cyclodextrins gel. 
 

CyDs α-CyD β-CyD γ-

CyD -β-CyD (HP-β-CyD) -β-CyD (HB-β-CyD) 

-β-CyD (DM-β-CyD)  SBE-β-CyD 

SDACNFs 

 DAC 

SDACNFs 1 g 

 10% CyDs  
1 mL 24 hr 

    



 (Fig. 17)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Appearance of SDACNFs/cyclodextirns gel. 
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Fig. 18. Plots for the shear viscosity versus shear rate of SDACNFs/1 % SBE-CyDs gels (A). Effect of 

SBE-CyDs concentration on the shear viscosity of gels (B). 

SDACNFs alone (white square), SDACNFs/SBE-α-CyD gel (white circle), SDACNFs/SBE-β-CyD gel 

(black circle), SDACNFs/SBE-γ-CyD gel (gray circle). 
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Fig. 19. Shear viscosity versus shear rate (s-1 = 1) of SDACNFs/SBE-CyDs gels with and without PD. 
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Fig. 20. Release profiles of PD/SBE-β-CyD solution (white triangles, PD content about 2.8 mg), 

PD/SDACNFs/SBE-β-CyD gel at SBE-CyD concentration of 1 (white circle, PD content about 0.62 

mg), 5 (gray circle, PD content about 2.3 mg) and 10 % (black circle, PD content about 2.8 mg) in JP 1st 

fluid (A) and 2nd fluid (B) at 37 oC, measured by rotating basket method (50 rpm). 

Each point represents the mean ± S.E. of 3-6 experiments. 

 

Table 3. PD release mechanism from PD/SDACNFs/SBE-β-CyD gel. 
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Fig. 21. Mean plasma pharmacokinetic profile of PD only (gray circle), PD/SBE-β-CyD solution (white 

circle), PD/SDACNFs mixture (white triangle) and PD/SDACNFs/SBE-β-CyD gel (black circle) in rats 

following an oral administration (8 mg/kg). 

Each point represents the mean ± S.E. of 3 experiments. 

 

 

 

 

 

 

 

 

Table 4. Mean plasma pharmacokinetic profile for prednisolone in rats following an oral administration 

(8 mg/kg). 

Each point represents the mean ± S.E. of 3 experiments. 
ap < 0.01 for PD suspension, bp < 0.05 for PD suspension, cp < 0.01 for PD/SBE-β-CyD solution, dp < 

0.05 for PD/SBE-β-CyD solution, ep < 0.01 for PD/SDACNFs mixture, fp < 0.05 for PD/SDACNFs 

mixture. 
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Fig. 22. MRI images of mice on 30 and 60 min after oral administration of either an aqueous solution 

of Gd-DTPA or Gd-DTPA/SDACNFs/SBE-β-CyD gel. 

Circles indicate upper abdominal area including the stomach. Position of Gd-DTPA was represented 

brightly. 
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Fig. 23. Appearanece of the digestive tract after oral administration of either an aqueous solution of 

evans blue or evans blue/SDACNFs/SBE-β-CyD gel. 
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Fig. 24. Scheme of the study design of the DSS induced colitis model and DAI score. 
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Fig. 25. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by DAI score. 
ap < 0.05 for 3 % DSS. 

 

2  MPO  DSS  

 

DAI 8

 MPO ( )  HE  (Figs. 26-27)

DSS PD 

PD 

 MPO  HE PD 

PD 

 

 

 

 

 

a 

Day 

To
ta

l D
A

I s
co

re
 

3 % DSS 
PD suspension 
PD/SBE-β-CyD solution 
PD/SDACNFs mixture 
PD/SDACNFs/SBE-β-CyD gel 

0 

2 

4 

6 

8 

10 

12 

0 1 2 3 4 5 6 7 8 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 26. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by colon length 

(A) and MPO activity (B).  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 27. Histopathological changes on day 8 in DSS-induced colitis.  

Each scale bar indicates 100 μm. 
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Table 5. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by white blood 

cell (WSC), red blood cell (RBC), Hemoglobin (Hb), plate (PLT). 
ap < 0.01 for 3 % DSS, bp < 0.05 for 3 % DSS, cp < 0.01 for PD suspension, dp < 0.05 for PD suspension, 
ep < 0.01 for PD/SBE-β-CyD solution, fp < 0.05 for PD/SBE-β-CyD solution, gp < 0.01 for PD/SDACNF 

mixture, hp < 0.05 for PD/SDACNF mixture. 
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Table 6. Effects of PD samples clinical disease activity in DSS-induced colitis, assessed by spleen 

weight/body weight. 
ap < 0.01 for 3 % DSS, bp < 0.05 for 3 % DSS. 
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Fig. 28. Strategy to treat ulcerative colitis by SDACNFs/SBE-β-CyD gel. 
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Fig. 29. Langumuir adsorption isotherm plot 
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