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Sericin has been used for the treatment of burn wound. The purpose of this study was to 
compare the wound healing between sericin plus 4-hexylresorcinol (4HR) ointment (SE+4HR) 
and base only ointment. Total 12 mice were included in this study. SE+4HR group showed 
significantly smaller wound size than base only group at 3 wk (P<0.05). Surface temperature 
was higher in SE+4HR group. In conclusion, SE+4HR group showed better wound healing 
than base only group.
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Introduction

Diabetes mellitus (DM) is common metabolic disease and 
elevated blood sugar level is characteristic (Alavi et al., 2014; 
Jeffcoate and Harding, 2003). Patients having DM have been 
shown impaired wound healing. Particularly, skin wound is not 
healed timely (Alavi et al., 2014). In case of leg, vascularity is 
relatively low than other organ. Accordingly, leg amputation is a 
complication of uncontrolled DM (Jeffcoate and Harding, 2003). 
Burn wound is also challenging for DM patients (Dhandha, 
2020). Severe complication associated with burn wound is more 
common in DM patients (Dhandha, 2020). Therefore, treatment 
agents having both antiseptic and pro-angiogenic properties are 
required. 

Silk sericin has been used for the treatment of burn wound 
(Kamalathevan et al., 2018; Joob and Wiwanitkit, 2013). Sericin 
has antiseptic properties (Karahaliloglu et al., 2017). Accordingly, 
sericin ointment will be helpful for prevention of skin infection 

during burn wound care (Joob and Wiwanitkit, 2013). Silver-
based materials also have been used for burn wound care (Bairagi 
et al., 2019). However, combination of cerium nitrate and silver 
sulfadiazine often induces methemoglobinemia as systemic 
complication (Kath et al., 2011). In addition, silver may induce 
pigmentation on the skin (Sterling, 2014). As sericin induces 
neither pigmentation nor methemoglobinemia, sericin ointment 
has advantage over silver ointment. 

Macrophages are classified to their differentiation as M0, M1, 
and M2 (Chen et al., 2016). M0 type is undifferentiated form. 
M1 type is responsible for inflammatory reaction and M2 type is 
for wound healing and remodeling (Chen et al., 2016). As sericin 
is M1 inducer, sericin ointment may increase VEGF expression 
(Jo et al., 2019). However, M1 inducer cannot regenerate 
mature capillary (Spiller et al., 2015). For the maturation of 
regenerated capillary, M2 inducer should be added (Spiller 
et al., 2015). Diabetic retinopathy is an example of impaired 
capillary regeneration (Alavi et al., 2014). DM is notorious for 
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photographs taken at 1, 2, and 3 wk. Measurement of the wound 
size was performed using Sigma Pro¢ç (SPSS Inc, Chicago, 
IL). Thermography was taken at 3 wk. Samples were sent for 
histological analysis. 

Histological analysis

Back skin samples for histological analysis were fixed and 
treated in the tissue processor for embedding in paraffin blocks. 
The paraffin block sections were used for hematoxylin and eosin 
stain. The method for collagen staining was copied from our 
previous publication (Ahn et al., 2016). For the staining collagen, 
a Picro-Sirius read staining was used. Picro-sirius red staining 
was performed using a commercially available kit (ab150681, 
Abcam). The staining procedure was carried out according to the 
manufacturer's protocol. Briefly, deparaffinized sections were 
stained with picro-sirius red solution for 1 h. Slides were then 
rinsed twice in acetic acid solution.

Statistical analysis

The difference in the protein expression of tissue samples was 
evaluated by analysis of variance. As post hoc test, Bonferroni 
method was used. The level of significance was set as P<0.05.

Results

The wound size was decreased progressively until 3 wk in 
both groups (Fig. 1A). The wound size at 1 wk was 467.4 ± 32.2 
mm

2
 and 433.0 ± 29.8 mm

2 
(average ± standard deviation) in 

base only group and SE+4HR group, respectively. The wound 
size at 2 weeks was 329.0 ± 45.1 mm

2
 and 234.1 ± 129.8 mm

2 

in base only group and SE+4HR group, respectively. The wound 
size at 3 wk was 241.0 ± 31.8 mm

2
 and 77.0 ± 73.1 mm

2 
in base 

only group and SE+4HR group, respectively. The difference 
between groups was statistically significantly different at 3 wk 
(P=0.005). 

Infrared thermography demonstrated temperature distribution 
with peak temperature. The surface temperature was higher 
in SE+4HR group than in base only group (Fig. 2A). Peak 
temperature at 3 wk was 32.66 ± 1.23ºC and 34.22 ± 1.13ºC in 
base only group and SE+4HR group, respectively (Fig. 2B). The 
difference between groups was barely insignificantly (P=0.07). 

the healing of skin ulcer (Jeffcoate and Harding, 2003). If deep 
burn wound is generated in DM patients, M2 inducer will be a 
key component for uneventful wound healing. 4-Hexylresorcinol 
(4HR) is new M2 inducer with the apoptosis inducing ability (Jo 
et al., 2019). 

The objective of this study was to evaluate wound healing 
of 4HR in DM animal model. The size of wound and surface 
temperature were compared to base only group. Histological 
evaluation was also done.

Materials and methods

Animal study

The animal experiments were approved by the Institutional 
Animal Care and Use Committee, Gangneung-Wonju National 
University (GWNU-2019-12). All methods were carried out in 
accordance with relevant guidelines and regulations. Twelve 
male Wister rats (10 weeks old with 250 - 300 g body weight) 
were purchased from Samtako (Seoul, Korea). After a week of 
adaptation period, drug was injected for inducing type I diabetes 
mellitus. For the preparation of solvent for streptozocin (STZ, 
Sigma-Aldrich, St. Louis, MO), 1.47 g sodium citrate was 
solubilized in 50 mL DW and pH was set as 4.5. The dosage 
of STZ was determined by the body weight and given 50 mg/
kg into the tail vein under inhalation anesthesia. Blood glucose 
level was checked 3 d after STZ injection under 8 h fasting 
condition. The animals shown at least 150 mg/dL of blood 
glucose level were selected for further study. Deep burn animal 
model was referenced from our previous publication (Ahn et 
al., 2016). The wound size was 10 mm × 20 mm rectangular 
shaped. Group applied ointment containing base alone was 
used (Base only). Base was lanolin oil. Group applied ointment 
containing 20 wt% hydrated sericin plus 2 wt% 4HR was used 
for experimental group (SE+4HR). One ointment among 2 
different kinds of ointment was applied for each group. Aside 
from ointment application, no other dressing was applied. To 
prevent postoperative infection and pain, rats were injected with 
1 mg/kg of gentamicin (Kukje Pharm, Seongnam, Korea) and 
0.5 mL/kg of pyrin (Green Cross Veterinary Products, Yongin, 
Korea). Ointment application was done every 3 days. Single 
burn wounds were induced in each animal. 

The evaluation of wound size was done using digital 
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a mild inducer for inflammation and can increase tumor necrosis 
factor-α (TNF-α) expression (Jo et al., 2017; Panilaitis et al., 
2003). The elevated VEGFs expression by sericin is mediated 
by hypoxia inducible factors (HIFs) (Jo et al., 2019). Sericin 
increases M1 markers in macrophages (Jo et al., 2019). Woven 
silk dressing accelerates burn wound healing in the animal 
model (Lee et al., 2014). 4HR also accelerates burn wound 
healing by suppressing TNF-α expression (Ahn et al., 2016). 
Regarding TNF-α expression, the action of 4HR is opposite to 
that of sericin. 4HR also increases VEGFs expression but HIF-
independently (Jo et al., 2019). 4HR increases M2 markers in 
macrophages (Jo et al., 2019). The elevated VEGFs expression 
by 4HR may be mediated by transforming growth factor-β1 
(TGF-β1) (Kim et al., 2019).

To accelerate angiogenesis, combination therapy with M1 
and M2 inducer has been reported and successful (Spiller et al., 
2015). M1 polarizing agent is required in the acute inflammatory 
phase (Chen et al., 2016). M2 polarizing agent is required in 

In histological view, epithelial regeneration was prominent 
in SE+4HR group than in base only group (Fig. 3). Collagen 
regeneration level was also higher in SE+4HR group than in 
base only group.

Discussion

Sericin has been used for burn dressing to accelerate wound 
healing. However, there have been few dressing materials 
for DM patients. In this study, SE+4HR group showed faster 
wound healing compared to base only group (Fig. 1B). Surface 
temperature was also higher in SE+4HR group than in base 
only group (Fig. 2). Epithelial and collagen regeneration were 
prominent in SE+4HR group (Figure 3). Accordingly, SE+4HR 
ointment had advantage in the treatment of diabetic burn wound. 

Both sericin and 4HR can increase the level of vascular 
endothelial growth factors (VEGFs) (Jo et al., 2019). Sericin is 

Fig. 1. Wound size in each group. A. The size was decreased progressively until 3 wk in both groups. B. There was no significant difference 
until 2 weeks after injury (LA: lanolin, base material). The difference in wound size at 3 wk was statistically significantly different (*P=0.005).

Fig. 2. Infrared thermography. A. The surface temperature was higher in SE+4HR group than in base only group. B. Peak temperature. The 
difference between groups was barely insignificantly (LA: lanolin, base material) (P=0.07). 
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the proliferation and remodeling phase (Chen et al., 2016). 
Accordingly, sequential delivery from M1 to M2 polarizing 
agent will be helpful for angiogenesis. Angiogenesis is a vital 
component in skin wound healing of DM patients (Alavi et al., 
2014; Jeffcoate and Harding, 2003). In this study, SE+4HR 
group showed better wound healing than base only group (Fig. 1). 
However, there was no comparison with SE only or 4HR only 
group.

The limitation of this study was that there was no sericin 
only or 4HR only group for comparison. There have been 
many publications associated with sericin only ointment for 
burn wound care, however, there was few applications for DM 
model. Only one publication is found for 4HR ointment on burn 
wound care. Burn itself is a strong inducer for inflammation. 
Accordingly, M1 inducer such as sericin might not be required 
as an ointment ingredient. Measurement for surface temperature 
is indirect marker for circulation (Tattersall, 2016). Actual 
capillary regeneration was not confirmed. Though histological 
view provided some information about angiogenesis, they were 
just specific cut of whole tissue. Three-dimensional image taking 
with marker will be required in future study. 
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Fig. 3. Histological findings. Epithelial regeneration was prominent 
in SE+4HR group than in base only group as demonstrated in HE 
stain. Collagen regeneration level was checked by Picro-Sirius stain 
and higher in SE+4HR group (Original magnification x100). 
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