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The purpose of this study was (1) to demonstrate the anti-microbial properties of 
4-hexylresorcinol (4HR) loaded silk mat and (2) comparison of bone formation between 4HR 
incorporated silk mat and collagen membrane. Anti-microbial properties of 4HR incorporated 
silk mat was done after sterilization of silk mat (autoclaving and ethylene oxide gas). For the 
evaluation of bone formation, bilateral bony defects (size: 8 mm) were prepared in the parietal 
bone of the rabbits (n=10). 4HR incorporated silk mat (size: 10 x 10 mm) was applied on the 
right defect. For the comparative purpose, the same size of commercial collagen membrane 
was applied on the left defect. The anti-microbial properties of 4HR incorporated silk mat 
were maintained after sterilization process. When compared bone mineral density and bone 
volume, there was no statistically significant difference between groups at 4 weeks and 8 
weeks after operation (p>0.05). In conclusion, 4HR incorporated silk mat could be autoclaved 
without concern of anti-microbial properties loss. In addition, 4HR incorporated silk mat 
showed similar bone regeneration to collagen membrane. Therefore, 4HR incorporated silk 
mat might be considered for the application of open membrane technique. 

© 2017 The Korean Society of Sericultural Sciences
Int. J. Indust. Entomol. 34(2), 32-37 (2017)

Introduction

The alveolar bone is resorbed progressively after extraction of 
teeth (Kim, 2015). To minimize bone loss, a ridge preservation 
technique has been performed using different kinds of plug 
such as collagen and silk (Kim et al, 2016a). Though the ridge 
preservation technique has been shown prevention of alveolar 
bone degradation, its effect is temporary. In case of severe 
periodontitis, ridge preservation technique can’t regenerate 

bony defect. For the reconstruction of alveolar bone, bone graft 
materials with or without membrane is required (Lee et al, 2014).

Several types of membranes have been considered for guided 
bone regeneration (Baek et al., 2016). Non-biodegradable 
membrane has been used first. Expanded polytetrafluoroethylene 
(ePTFE) membrane is a non-biodegradable membrane and 
widely used for guided bone regeneration (Corinaldesi et al., 
2011). As ePTFE membrane is not biodegradable, secondary 
surgery for removal of membrane is required (Lee & Kim, 
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microbial properties of 4HR loaded silk mat and (2) comparison 
of bone formation between 4HR incorporated silk mat and 
collagen membrane.

Materials and methods

Preparation of materials and scanning electron 
microscopic study

Silk cocoon is produced by Bombyx mori. After removal 
of innermost and outermost layer, separated silk mat was 
prepared as 0.2 mm thickness. Separated silk mat was 
washed by 70% (v/v) ethanol aqueous solution for 1 h. 
4HR was purchased from Sigma and dissolved into 10% (v/
v) ethanol aqueous solution. The concentration of 4HR in 
ethanol solution was 3% wt. Prepared silk mat was placed 
into 4HR solution for 30 min. After then, 4HR incorporated 
silk mat was placed into dry oven at 55 °C for evaporating 
excess ethanol. Prepared silk mat might undergo sterilization 
process. The autoclaving process was performed at 121 °C for 
15 min under high pressure saturated steam. Gas sterilization 
was done with ethylene oxide (EO) gas. 

Prepared materials were undergone for scanning electron 
microscopic examination. After immobilization of the samples 
on the plate, each sample was coated by gold and examined by 
scanning electron microscopy (H-800, Hitachi, Japan).

Bacterial strain and cultivation

Staphylococcus aureus ATCC 225932 was cultured with 
nutrient broth (BD bioscience, San jose, CA, USA) at 37℃. 
The bacteria were inoculated and cultivated into trypticase soy 
broth (TSB; BD bioscience, San jose, CA, USA) at 37℃ the day 
before susceptibility test. 

Susceptibility assay of 4HR-EtOH

The susceptibility assay of 4HR-EtOH against S. aureus 
was performed using Kirby-Bauer disk diffusion test 
according to the recommendations of Clinical and Laboratory 
Standards Institute (CLSI, formerly NCCLS). Briefly, 
bacteria were cultivated into TSB at 37

o
C overnight. After 

adjusting bacterial concentration using McFarland standard, 

2014). Animal originated collagen is a source for manufacturing 
biodegradable membrane (Corinaldesi et al., 2011). The collagen 
originated bovine or porcine has been used for biodegradable 
membrane (Greenstein & Caton, 1993; Lee & Kim, 2014). 
As pure collagen is rapidly degraded in the body, crosslinking 
agent has been routinely used to control the degradation velocity 
(Greenstein & Caton, 1993). Aldehyde based crosslinking agent 
is toxic and should be removed during manufacturing process.

Silk is an old material as fabric, but new material as biomedical 
application (Kim et al., 2016b). Silk can be produced different 
kinds of silkworm. Among them, Bombyx mori has been most 
widely studied. Silk cocoon is mainly composed of two proteins 
such as fibroin and sericin (Kim et al., 2016b). As sericin had 
been considered as industrial waste, fibroin has been studied as a 
scaffold for biomedical applications (Kunz et al., 2016). Fibroin 
based bone graft materials have been introduced combined with 
hydroxyapatite (Jo et al., 2017a) or cells (Xu et al., 2017). Film 
type of silk fibroin has been tested for guided bone regeneration 
(Song et al., 2011). Sericin also has many advantages such as 
antiseptic, anti-inflammatory, and osteogenesis (Kunz et al., 
2016). Many biomaterials incorporated sericin has been shown 
positive results in biomedical applications. As silk cocoon is 
composed of layered structure, peeled silk cocoon has been 
considered for guided bone regeneration (Kim et al., 2016b). 
Silk cocoon mat is combination of fibroin and sericin, but mainly 
sericin is released when it is placed into normal saline (data not 
shown). Therefore, silk mat originated silk cocoon should be 
regarded as slowly sericin releasing drug carrier. 

As a membrane for guided bone regeneration, silk mat 
has many advantages such as eco-friendly production, cyto-
compatibility, high physical strength, and slow degradation 
(Ha et al., 2014). However, the degradation velocity of silk 
mat should be optimized in some application. In addition, silk 
mat can’t be used for open-membrane technique because of 
highly proliferation of micro-organism on silk mat (data not 
shown). 4-hexylresorcinol (4HR) is a well-known antiseptics 
(Evans et al., 1977). As 4HR can suppress NF-κB pathway 
(Kim et al., 2011) and the expression level of TNF-α (Ahn et 
al., 2016), 4HR can reduce inflammation associated grafting 
foreign materials. Besides of these advantages, 4HR can 
inhibit the appearance of foreign body giant cells in silk graft 
and accelerate the degradation of silk graft (Kweon et al., 
2014).

The purpose of this study was (1) to demonstrate the anti-
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Results

In SEM exam, there was no gross difference in the morphol-
ogy of silk mat between before and after sterilization (Fig. 1). 
When 4HR-EtOH mat were performed kirby-Bauer disk diffu-
sion assay against S. aures as a typical gram-positive bacteria. 
EtOH as mock control did not show antibacterial acitivty but 
ampicillin as positive control exhibited strongly antibacterial aci-
tivty. The clear zone exhibited wider by 30% 4HR-EtOH than by 
3% 4HR-EtOH (Table 1). Two sterlization method (EO gas and 
autoclaving) did not influence on the anti-microbial properties of 
4HR loaded silk mat disc. 

μCT analysis of the defects showed that collagen group 

the bacterial suspension was plated on Müller-Hinton agar 
with fatty acid-free cotton swab, and the sample mats were 
plated on the agar. The positive control was used ampicillin 
disc (30 μg). The agar plate was incubated at 37℃ for 12 
h. The bacterial free-clear zones by 4HR or ampicillin were 
measured using a ruler. 

Animal experiments

The experimental design was in accord to our previous 
publication (Lee et al., 2015). New Zealand white rabbits 
(n=10, average weight= 2.3 kg) were used for this experiment. 
This experiment was approved by the Institutional Animal 
Care and Use Committee of Gangneung-Wonju National 
University, Gangneung, Korea. Briefly, mid-sagittal incision 
was placed after general anesthesia. Two round bony defects 
(diameter: 8.0 mm) were prepared bilaterally using a trephine 
bur. The silk mats were prepared at a size of 10 × 10 mm, 
sterilized with EO gas and placed on the calvarial defect. 
For the positive control, the same size of collagen membrane 
was placed on the defect. Each rabbit was individually caged 
and fed. At 4 and 8 weeks after surgery, 10 rabbits were 
euthanized.

Microscopic computerized tomography (μCT) 
and histological exam

All μCT experiments were performed at the Ochang Center 
of the Korea Basic Science Institute. The initial defect was 
round with a diameter of 8.0 mm, and the region of the interest 
(ROI) set was considered to be the initial defect size and shape. 
A threshold level of 25% of the bone standard was set as 
recommended by the manufacturer. The ROI of each specimen 
was analyzed for bone volume and bone mineral density (BMD). 
The difference of bone volume and BMD between groups was 
analyzed by paired samples t-test. The significance level was p < 
0.05. 

The bones were dehydrated in ethanol and decalcified with 
5% nitric acid for 5 days. The right and left parietal bones were 
separated through the midline sagittal suture. Both segments 
were embedded in paraffin blocks to show the sagittal sections. 
The paraffin blocks were sliced and stained with hematoxylin 
and eosin (HE). 

Fig. 1. Scanning electron microscopic findings before and after 
sterilization (4HR: 4-hexylresorcinol, EO: ethylene oxide). Right 
column (x1000, bar=25 μm) is high magnification view of left 
column (x50, bar=500 μm).

Table 1. Diameter of bacterial-free clear zone by 4HR

S. aureus

EtOH (Control) 0

3% 4HR-EtOH 10.74 ± 1.64

30% 4HR-EtOH 20.75 ± 2.21

3% 4HR-EtOH (Autoclave) 14.60 ± 0.90

30% 4HR-EtOH (Autoclave) 22.20 ± 2.07

3% 4HR-EtOH (EO gas) 14.80 ± 1.48

30% 4HR-EtOH (EO gas) 24.40 ± 1.14

Ampicillin (30 μg) 39.25 ± 1.70

(EtOH: ethanol, EO gas: ethylene oxide gas. The data were expressed means 
diameter (mm) and standard deviation.) 
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capillaries filled with red blood cells at 4 weeks after grafting (Fig. 
4). The silk fiber was fragmented and seemed to be undergone 
degradation. The presence of multinucleated giant cells was 
not evident. In case of collagen group, dense fibrotic tissue was 
occupied between collagen fibers of membrane. The specimen of 8 
weeks after grafting demonstrated progressive graft degradation in 
both groups. New bone formation was also evident adjacent to graft. 

Discussion

In this study, 4HR incorporated silk mat showed anti-bacterial 
properties against several pathogen of oral cavity. Anti-microbial 
properties of 4HR incorporated silk mat did not decreased by 
sterilization. In the animal study, 4HR incorporated silk mat 
showed similar behavior to those of collagen membrane. 4HR 
incorporated silk mat had shown similar bone regeneration to 
those of collagen membrane. Collectively, 4HR incorporated silk 
mat could be used for guided bone regeneration technique.

Silk mat is composed mainly of fibroin and sericin (Kim et 
al., 2016b). Fibroin is macromolecule and has hydrophobic beta-
sheet structure (Jo et al., 2017a). Though degraded fibroin can 
solubilize into water, undigested fibroin is not highly soluble 
to water. Compared to fibroin, sericin is relatively composed 
of hydrophilic amino acid and easily degraded as small sized 
protein fragments (Kunz et al., 2016). The content of sericin is 

showed partial bone filling from the margins at 4 weeks after 
grafting (Fig. 2). Interestingly, 4HR incorporated silk mat 
showed island shaped calcified mass in the middle of bony defect 
at 4 weeks after grafting. Progressive bone regeneration was 
shown in both groups at 8 weeks after grafting. The bone volume 
and BMD in both groups did not show a significant difference 
at 4 weeks after grafting (Fig. 3; p > 0.05). These trends were 
maintained at 8 weeks after grafting. There was no statistically 
significant difference between groups (p > 0.05). 

4HR incorporated silk mat group showed high number of 

Fig. 2. Micro-computerized tomogram. Interestingly, 4HR 
incorporated silk mat showed island shaped calcified mass in the 
middle of bony defect at 4 weeks after grafting. 

Fig. 3. (A) Bone mineral density (BMD). (B) Bone volume. 
BMD and bone volume in both groups did not show a significant 
difference at both 4 and 8 weeks after grafting (p > 0.05).

Fig. 4. Histological findings. 4HR incorporated silk mat group 
showed high number of capillaries filled with red blood cells at 4 
weeks after grafting. The silk fiber and collagen membrane were 
fragmented and seemed to be undergone degradation (arrows). 
The presence of multinucleated giant cells was not evident. The 
specimen of 8 weeks after grafting demonstrated progressive graft 
degradation in both groups. New bone formation (NB) was also 
evident adjacent to graft (hematoxylin and eosin stain, bar= 50 μm).
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