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Abstract: Using quaternary ammonium salts (QAS) as initiating agents, silk fibroin aqueous solutions were induced to
gel rapidly. The structure, zeta-potential change and thermal stability properties of QAS-induced silk gel were charac-
terized by means of X-ray diffraction (XRD), infrared spectroscopy (IR), scanning electron microscopy (SEM), zeta-
potential measurements and differential thermal analysis (DTA). The results show that QAS-induced silk gelation is
accompanied by the formation of f-sheets and less negative zeta-potential values. With the observation of SEM, the
internal morphology of gel exhibited a porous three-dimensional network structure. /n vitro degradation and DTA
analysis revealed that QAS-induced fibroin gel was not quite stable and disintegrated more easily in the enzyme solu-
tion. Also, QAS is amorphous or metastable crystal state in silk gel and thus easy to release and diffuse. The antibacte-
rial test in vitro suggested that silk-QAS gel showed distinctly antibacterial activities against both Gram-positive and
Gram-negative bacteria. In situ antimicrobial silk hydrogel is expected to be used for a surgical dressing.
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Figure 1. WAXD curves (A) and FTIR data (B) collected from (a) Silk solution; (b) Pure silk gel and QAS-induced silk gels; (c) Silk-DB gel;
(d) Silk-BC gel; (e) Silk-EDDAB gel. All the concentrations of QAS in silk gels are 5 wt%o, the concentration of fibroin was 4 wt%
1. &RIFEIKRROGER, X-SHEITHMLEA)FLINEE(B): (a) LLTBAE; (b) SMLFTER; (o) £%F - HRIFHAMK; d) £
R - RN (e) £% - EDDAB B (FHEL GRFRER 5%, £REBREN 4 wtd)

Figure 2. SEM images for freeze-dried silk hydrogels prepared with 5% EDDAB
2. £¢3/EDDAB(95/5)F TR MBI E 5%
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Figure 3. Zeta potentials for 4 wt% SF solutions with different concentrations of EDDAB (n = 3)
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Figure 4. Degradation of silk/EDDAB (95/5) gel (A) and pure silk gel (B) in vitro (incubated at 37°C)
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Figure 5. DTA thermograms of (a) Pure EDDAB; (b) Physical

mixture of pure silk gel and EDDAB and (c) Silk-EDDAB gel
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Figure 6. Inhibition zone assay on agarose plates with E. coli (up-
per panels) and S. aureus (down panels). The concentrations of
guaternary ammonium salts in gels (A, D. Silk-EDDAB Gel; B, E.
Silk-BC Gel; C, F. Silk-DB Gel) were 10%, 5% 1%, 0%, respec-
tively, from the left on a clockwise direction
B 6. #IEEREMB(EHE: KIBITE; THE: SRGHEKE).
BB P R RS A RIS MR A 10%, 5% 1%, 0% (As
D.EDDAB; B, E. J&/RR; C. F. #R%)

Table 1. Inhibition zone diameters of antimicrobial silk gels

® 1 HBLRERNEEEE

E. coli (mm) S. aureus (mm)
10% 5% 1% 0% 10% 5% 1% 0%

EDDAB 11 7.5 0 0 185 145 11.5 0

BC 8 5.5 0 0 16.5 12.5 4 0
DB 75 45 0 0 8.5 6 1.9 0
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