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 Background: The wound healing process is complex and still poorly understood. Sericin is a silk protein synthesized by silk 

worms (Bombyx mori). The objective of this study was to evaluate in vivo wound healing effects of a sericin-

containing gel formulation in an incision wound model in rats.

 Material/Methods: Twenty-eight Wistar-Albino rats were divided into 4 groups (n=7). No intervention or treatment was applied 

to the Intact control group. For other groups, a dorsal skin flap (9×3 cm) was drawn and pulled up with sharp 

dissection. The Sham operated group received no treatment. The Placebo group received placebo gel without 

sericin applied to the incision area once a day from day 0 to day 9. The Sericin Group 3 received 1% sericin gel 

applied to the incision area once a day from day 0 to day 9. Hematoxylin and eosin stain was applied for his-

tological analysis and Mallory-Azan staining was applied for histoimmunochemical analysis of antibodies and 

iNOS (inducible nitric oxide synthase), and desmin was applied to paraffin sections of skin wound specimens. 

Parameters of oxidative stress were measured in the wound area.

 Results: Epidermal thickness and vascularization were increased, and hair root degeneration, edema, cellular infiltration, 

collagen discoloration, and necrosis were decreased in Sericin group in comparison to the Placebo group and 

the Sham operated group. Malonyldialdehyde (MDA) levels were decreased, but superoxide dismutase (SOD), 

catalase (CAT), and glutathione peroxidase (GPx) activities were increased in the sericin group.

 Conclusions: We found that sericin had significant positive effects on wound healing and antioxidant activity. Sericin-based 

formulations can improve healing of incision wounds.
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Background

A wound is a result of a physical injury that causes damage 

and penetrates into the layers of the skin [1]. Wound healing 

is important in terms of ensuring anatomic integrity of the skin 

and protecting its functional structure, and it occurs with the 

repair of the skin and other soft tissues [2]. Wounds starts as 

a response to an injury and end with the re-establishment of 

the integrity and functioning of the injured area [2].

Wound healing is a preprogrammed process consisting of 4 

continuous phases [3]: bleeding controlled by hemostasis, in-

flammatory response (0–3 days), cellular proliferation (3–12 

days), and remodeling (3–6 months) [1,4,5]. The interruptions, 

aberrancies, and prolongations that may occur during these 

phases can interrupt the wound healing process and lead to 

non-healing chronic wounds [3].

Hemostasis start immediately after the injury and fibrin clots 

are formed together with vasoconstriction. Proinflammatory 

cytokines and growth factors – fibroblast growth factor (FGF), 

epidermal growth factor (EGF), platelet-derived growth fac-

tor (PDGF), and transforming growth factor (TGF-b) – are ex-

pressed from the clot and the surrounding tissue after he-

mostasis. Inflammatory cells migrate to the inner side of the 

wound after hemostasis and start the inflammatory phase. 

Neutrophils, macrophages, and lymphocytes migrate to the 

tissue in this phase [3].

The proliferative phase follows and overlaps with the inflam-

matory phase. The proliferative phase is characterized by ep-

ithelium proliferation and the migration of this epithelium to 

the temporary matrix in the wound (re-epithelization) [3]. The 

main components of the proliferative phase are angio-neogen-

esis, deposition of collagen, granulation tissue formation, ep-

ithelization, and wound contraction. During angio-neogene-

sis, new blood vessels are formed from endothelium cells [6]. 

Fibroblasts and endothelium cells are the main cells that have 

a role in processes of capillary growth, collagen formation, and 

granulation tissue formation in the wound area in reparative 

dermis. Fibroblasts synthesize glycosamine and proteoglycan, 

as well as collagen, which is the main component of the newly 

developing extracellular matrix [3]. After this process, epithe-

lial cells migrate to the other side of the wound bed and cov-

er the wound, and the wound is covered completely by myofi-

broblasts, contracting the edges of the wound [6,7]. After the 

quick proliferation and extracellular matrix synthesis, the last 

phase, remodelling, will begin, which may last for years [1].

In these processes, there is a coordinated influx of many neu-

trophils to the wound area, especially in the inflammation 

phase. The characteristic respiratory burst activity, which oc-

curs due to the properties of these cells, triggers free radical 

formation [8]. The non-phagocytic cells localized in the wound 

area produce the free radicals, which are in the non-phagocyt-

ic NAD(P)H oxidation mechanism. This situation gives rise to 

the increase in oxygen and nitrogen in the wound area. The 

appearance of these radicals results in oxidative stress that 

leads to lipid peroxidation and DNA breakage, as well as to the 

inactivation of some enzymes, including free radical scaven-

ger enzymes [1]. Topical application of antioxidants in wound 

healing has become common practice, and it has been demon-

strated that components with free radical scavenging charac-

teristics clearly improve wound healing and protect the wound 

from oxidative stress [9].

Wounds caused by mechanical trauma, acute and chronic burn 

injuries, and pressure and foot ulcers may pose important dif-

ficulties for surgeons and emergency physicians [10,11]. Many 

studies have been conducted all over the world for the pur-

pose of accelerating wound healing and preventing amputa-

tion or serious complications [12]. Many chemicals and herb-

al substances have been tried for wound healing and ensuring 

maximum recovery [2,4,6,7,13,14]. Sericin, which is a protein 

synthesized by the domestic silkworm, Bombyx mori, is one of 

these substances. The silk protein, which is a natural polymer, 

is bio-synthesized from the epithelium cells in Bombyx mori. 

The silk proteins that are expressed to the lumens of these 

glands are converted into silk protein fibers [16]. Silk is well 

characterized and easy to obtain.

Sericin becomes gel by itself, and forms a film when combined 

with some polymers by cross-linking and therefore can be used 

in manufacturing cosmetics and pharmaceuticals. It has been 

proven that sericin does not cause immunological reaction 

with materials that have more widespread acceptance in bio-

logical applications [16]. In addition, it has some unique char-

acteristics, such UV resistance, antioxidation, moisture absor-

bance, and biocompatibility [17–22]. It has been determined 

in previous empirical studies that sericin decreases the per-

oxyl radical activity and tyrosinase [21], and suppresses lip-

id peroxidation [22,23]. Sericin contributes to these antioxi-

dant effects with the chelation to the trace elements cooper 

and iron, and hydroxyl groups [23]. Sericin’s chemical struc-

ture is shown in Figure 1.

We conducted a literature review using the keywords “ser-

icin”, “wound healing”, and “antioxidants”, and found that 

there have been very few clinical and empirical studies con-

ducted on the effects of silk protein sericin in wound healing 

models [16,24].

The present study was conducted using histochemical, im-

munohistochemical, and biochemical methods to determine 

whether sericin affects wound healing.
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Material and Methods

Extraction of sericin from cocoon

Sericin was extracted from silkworm cocoons and used as a 

calibration standard. To do this, the cocoons were first cut into 

small pieces. Then, water was added and they were autoclaved 

at 120°C for 1 h. The sericin solution was filtrated through a 

1.6-µm filter (Whatman GF/A), then cold ethanol was added. 

The final ethanol concentration was 75% (v/v). The supernatant 

of ethanol was discarded and the settled sericin was frozen at 

–80°C. Then, it was dried in a lyophilizer to obtain sericin pow-

der [25–27]. Sericin’s chemical structure is shown in Figure 1.

Analytical methods

We used the Shimadzu Prominence Model High-Performance 

Liquid Chromatography (HPLC) system to perform quantitative 

analysis of sericin and to determine its molecular weight distri-

bution. The HPLC system contains a Nucleogel aqua OH-40-8 gel 

permeation chromatography (GPC) column, and a buffer solu-

tion containing 0.05 M phosphate and 0.3 M NaCl. The analyses 

were all done at 30°C and their ultraviolet absorbances (UVA) 

were read at 230 nm [27]. In sericin analysis, the flow rate of 

mobile phase was adjusted to 1 mL/min and it was decreased 

to 0.3 mL/min for the determination of molecular weight dis-

tribution. For filtration of all samples, a 0.45-µm filter (Millipore 

Millex-HV) was used, then the solution was injected into the 

system using a 20-µL syringe. For standardization of the cali-

bration, we used sericin extracted from native silk cocoons [29].

Preparation of formulations

Preparation of placebo gel

Placebo gel formulation was prepared by dispersing 7.5% w/w 

Na-CMC in distilled water to form a homogeneous dispersion 

under continuous stirring until a homogeneous gel was formed.

Preparation of gel containing sericin

Gel formulation was prepared by dispersing 7.5% w/w Na-CMC 

in distilled water to form a homogeneous dispersion. We dis-

solved 1% sericin in distilled water, then the solution was add-

ed to the Na-CMC dispersion while stirring until the solution 

became a homogeneous gel [30].

Animal studies

Animals

Twenty-eight male Wistar-Albino rats weighing 200–220 g 

were used in this study. All experiments were performed af-

ter obtaining permission from the Ege University Animal 

Ethics Committee and according to its regulations (Permission 

Number: 2014-062). National guidelines on the care and use 

of laboratory animals were strictly followed. The animals were 

kept under standard conditions, with 25±1°C room tempera-

ture, 12-h light/dark cycles, in individual cages, and fed pellet 

diet and water ad libitum. The rats were randomly divided into 

4 groups with 7 rats in each group. No intervention or treat-

ment was applied to the Intact control group. For the Sham 

operated group, the Placebo group, and the Sericin group, a 

dorsal skin flap (9×3 cm) was drawn and pulled up with sharp 

dissection. The Sham Control group received no treatment. 

The Placebo group received a placebo gel applied to the inci-

sion area. The Sericin group received a gel containing 1% ser-

icin applied to the incision area. The rats were treated imme-

diately in the Placebo group with placebo gel and the Sericin 

group was treated with sericin gel. All formulations were ap-

plied to animals once a day from day 0 until day 9.

Incision wound model

Anesthesia were used for all the animals prior to and dur-

ing the experimental interventions. Dorsal fur of the rats was 

shaved before infliction of the experimental wounds. The sur-

gical interventions were carried out under sterile conditions us-

ing ketamine hydrochloride (75 mg/kg) and xylazine (8 mg/kg) 

anesthesia intraperitoneally. On the dorsal side of rats, a cau-

dally-based 9×3 cm (27 cm2) dorsal skin flap was drawn and 

pulled up by sharp dissection as described by Khouri et al. [31]. 

The entire flap was undermined below the level of the pan-

niculus carnosus. Incisions were closed with 4/0 silk surgical 

sutures placed 1 cm apart to the parted skin of the animals. 

The wounds were left undressed. Total operation time was 15 

min for every rat [32].

Wound healing

Under ether anesthesia, gel formulations were applied over the 

flaps once a day and repeated every day for 9 days. The gel 

Figure 1. Chemical structure of sericin.

1066
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Ersel M. et a.: 
Wound healing effect of sericin

© Med Sci Monit, 2016; 22: 1064-1078

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

ANIMAL STUDY



formulations were evenly applied in sufficient amounts cov-

ering all the surface of the wound area.

On the 9th day after the initial operation, flap viability was eval-

uated. Rats were reanesthetized for evaluation of the viabil-

ity of the flap tissues on the 10th postoperative day. Six slic-

es were randomly selected from each individual animal in a 

group and 5 separate measurements were made in each slice 

to determine epidermal thickness and necrotic area. The dor-

sal skin flaps were photographed with a digital camera (Canon 

A 610, Japan). A mechanism using a tripod was used to stan-

dardize all images, and images were taken from equal distanc-

es. By calculation of the necrotic tissue percentage, necrotic 

skin surface was defined by the necrotic skin borders, and to-

tal flap areas were delineated by surgical borders of the flaps.

The animals were sacrificed by high-dose ketamine hydrochlo-

ride administered intramuscularly. When the animals were sac-

rificed, a skin biopsy was taken from the beginning of the 3 

cm distal of the flap base and 1 cm width. For the histopath-

ological analysis, we investigated tissue degeneration of skin 

biopsy samples fixed in 10% buffered formalin under a light 

microscope.

Histopathological analysis

After fixation of the skin biopsy samples in 10% buffered for-

malin for 24 h, routine paraffin wax embedding procedures 

were used and samples were blocked. About 5-µm sections 

were cut using a Leica RM 2145 model microtome (Germany) 

then stained with both hematoxylin and eosin and Mallory 

azan staining. Sections were investigated at a magnification of 

40× and examined the thickness of their epithelium. After tak-

ing digital photos (Olympus BX51 Light Microscope, Olympus 

C5050 Digital Camera, Japan) at a magnification of 20×, ne-

crotic skin and total flap area border were determined with the 

aid of a software program (Image Pro Express Version 4.5.1.3., 

Media Cybernetics Inc., 2002, USA).

Immunohistochemical analysis

To analyze the immunohistochemical expressions, anti-iN-

OS and anti-desmin antibodies were used. Paraffin sections 

were immersed in xylene overnight and incubated in meth-

anol containing 3% H
2
O

2
 to reduce endogenous peroxidase 

activity. Sections were heated in sodium citrate solution in a 

microwave oven at 90 W for 5 min and at 360 W for 15 min. 

Subsequently, sections were incubated in primary antibodies 

(anti-desmin, Bioss, bs-1026R, USA; 1/100 and anti-iNOS, Santa 

Cruz, Sc-651, USA; 1/100) for 24 h at 4ºC. Antibody detection 

was performed with the Histostain-Plus Bulk kit (Bioss, Inc) 

against rabbit IgG, and 3,3’ diaminobenzidine (DAB) was used 

to visualize the final product. Immunoreaction was assessed by 

light microscopy (Olympus BX-51 light microscope, Olympus 

C-5050 digital camera) at 40× magnification.

Histological scoring

The tissue edema and collagen discoloration grading were 

scored as: normal=0; mild increase=1; mild to moderate in-

crease=2; moderate increase=3; moderate to marked in-

crease=4; and marked increase=5. For the purpose of express-

ing the cellular infiltration grading, the scoring obtained by 

counting the total inflammatory cells (lymphocytes, neutro-

phils, macrophages, eosinophils, plasma cells, and mast cells) 

for each section per high-power field (HPF) (400×). According 

to this scoring, a score of 0 = <3 inflammatory cells, 1 = 3–10 

inflammatory cells, 2 = 11–20 inflammatory cells, 3 = 21–30 

inflammatory cells, 4 = 31–40 inflammatory cells, and 5 = >41 

inflammatory cells [33].

Biochemical analysis

After the routine skin tissue homogenization and centrifuge 

processes, the BioVision brand Glutathione Peroxidase Activity 

Colorimetric Assay Kit was used to determine the GSH. The 

reading was performed using a BMG LABTECH 96 Microplate 

Reader at 340 nm.

To determine the MDA in the tissue, the BioVision brand Lipid 

Peroxidation (MDA) Colorimetric/Fluorometric Assay Kit was 

used, and the measurements were used with the Colorimetric 

method. The reading was performed using a BMG LABTECH 

96 Microplate Reader at 532 nm. A BioVision brand Catalase 

Activity Colorimetric/Fluorometric Assay Kit was used with the 

Colorimetric method to determine the catalase in the tissue. 

The reading was performed with a BMG LABTECH 96 Microplate 

Reader at 570 nm. We used a Beckman Coulter AU640 brand 

auto-analyzer applique and a Randox Ransod brand commer-

cial kit to determine the SOD activity in the tissue.

Statistical analysis

Data are expressed as percentages, numbers, median, and 

mean ±SD. Statistical comparison of the groups was performed 

using SPSS Version 22.0 (Chicago, Illinois, USA). The Kruskal-

Wallis test was used to analyze the significant difference be-

tween groups in number of total hair roots, number of degen-

erated hair roots, number of vessels, epidermal thickness and 

percentage of the necrotic area around the flap, biochemical 

analysis of GPx, SOD, catalase, and MDA levels in the flap bi-

opsy. When significance was determined, the Mann-Whitney 

U test was used for post hoc analysis. A P value below 0.05 

was considered to be statistically significant.
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Results

Analytical methods

HPLC was used for quantitative analysis of sericin and deter-

mining its molecular weight distribution. The HPLC chromato-

gram is shown in Figure 2. The sericin was eluted as a broad 

peak between 6.5 and 11.0 min.

Histopathological results

Intact Control Group: Normal skin histological structure was 

observed. Five different layer structures were determined, 

stretching from the basal to the stratum corneum in epider-

mis. Normal histologic structure was observed in the glandu-

lar structures, which are called glandula sebacea, expressing 

their holocrine degenerative secretions to hair follicles. The 

hair follicles started from the dermis and extended through 

the epidermis and opened to the surface. The glandular struc-

tures were located in the bottom area of the hair follicles. The 

irregular tight collagen tissue, which hosted collagen bundles 

stretching every direction in the dermis, was determined to 

be normal. The structure, which is rich in fat tissue and con-

nects the skin defined as hypodermis to the tissues in deep-

er areas, was normal (Figures 3A, 4A, 5A, 6A).

Sham Operated Group: Histologic structure of the wound lips 

was determined. There was decreased epidermis thickness. 

Degeneration was determined in the hair roots. The degener-

ative findings in the sebaceous glands in the hair roots and 

the areas hosting the hair roots were observed to be smaller 

than those in the Intact control group. We also observed that 

the amount and distribution of collagen in collagen bundles 

stretching in every direction in the dermis were significantly 

greater than the intact control group, and that this was in the 

direction of scar formation (Figures 3B, 4B, 5B, 6B).

Placebo Group: We determined that the Placebo Group was 

similar to the Intact control group in terms of histopatholo-

gy, and the epidermis was thinner than in the Intact control 

group. The scar formation, collagen discoloration, decrease in 

the hair roots, and the histopathological image in the glandu-

la sebacea structures were similar to those in the Sham oper-

ated group (Figures 3C, 4C, 5C, 6C).

Sericin Group: We determined that the epidermis thickness 

was closer to that of the Intact control group, and was thicker 

than in the Sham operated group and the Placebo group. The 

degenerative findings in the hair roots were less than in the 

Sham operated group and the Placebo group, and was closer to 

that of the Intact control group, as was the case with epidermis 

thickness. There were similarities in collagen distribution, scar 

formation, and collagen discoloration (Figures 3D, 4D, 5D, 6D).

After the histopathological evaluation of the samples, the pa-

rameters on wound healing were evaluated. The total number 

of the hair follicles, the number of the degenerated hair fol-

licles, and the number of the unaffected vessels are given in 

Table 1; the epidermis thickness and necrotic tissue percent-

age are given in Table 2; and the edema, cellular infiltration, 

and collagen discoloration are given in Tables 3–5, respectively.

The number of the total hair roots

When the samples that were obtained after the tenth day 

were compared in terms of the number of the total hair roots, 

a significant difference was found among the 4 groups (KWc2, 

p<0.0001) (Table 1). The groups were compared as pairs using 

the Mann-Whitney U test as post hoc analysis. After these com-

parisons, we determined that there was a statistically signifi-

cant difference between the Intact control group and the Sericin 

group (p=0.002) and between the Sericin group and the Sham 

operated group (p=0.003) and the Placebo group (p=0.008). 

At the end of the tenth day, the Sericin group had more hair 

roots than the Sham operated group and the Placebo group.

Number of degenerated hair roots

When the samples taken were examined in terms of the number 

of degenerative hair roots, we observed that there was signifi-

cant difference among the 4 groups (KWc2, p=0.001) (Table 1). 

There was no hair root degeneration in the Intact control group, 

but there was a statistically significant difference between the 

Figure 2.  HPLC spectrum of sericin (concentration=2.5 mg/mL).
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Sericin group and the Sham operated group (p=0.002) and 

the Placebo group (p=0.002) after post hoc analyses (Mann-

Whitney U test). On the tenth day, there were less degenerat-

ed hair roots in the Sericin group than in the Sham operated 

group and the Placebo group (Table 1).

Number of vessels

When the sections were examined according to the number 

of the vessels, we found a significant difference among all 

the groups in terms of the total number of the vessels (KWc2, 

p<0.0001) (Table 1). The groups were compared as pairs by 

using the Mann-Whitney U test as post hoc analysis, showing 

a statistically significant difference between the Intact con-

trol group and the Sericin group (p=0.002), and between the 

Sericin group and the Sham operated group (p=0.002) and 

the Placebo group (p=0.002). There were more intact vessels 

in the Sericin group than the Sham operated group and the 

Placebo group (Table 1).

Epidermal thickness

When the samples taken from the study groups were com-

pared in terms of the epidermal thickness values, there was a 

statistically significant difference among all the groups (KWc2 

p<0.0001) (Table 2). The groups were compared in pairs by us-

ing the Mann-Whitney U test as post hoc analysis. It was deter-

mined after the comparisons that there was a statistically signif-

icant difference between the Intact control group and the Sericin 

group (p=0.004), and the between the Sericin group and the Sham 

operated group (p=0.002) and the Placebo group (p=0.002). At 

the end of the tenth day, the Sericin group had more epidermal 

thickness than the Sham operated group and the Placebo group.

Percentage of the necrotic tissue

Statistically significant differences were determined between 

the Sham operated group, the Placebo group, and the Sericin 

group in terms of necrotic tissue percentage in the section 

A

C

B

D

Figure 3.  Light microscopic images of dorsal skin flap: (A) Intact control group, (B) Sham operated group, (C) Placebo group, (D) Sericin 

group. H&E staining, original magnification ×20, scale bar=250 µm. Yellow arrow shows location of incision line.
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areas (KWc2, p<0.0001) (Table 2). No necrosis was observed in 

the Intact control group because there were no incisions. The 

groups were compared as pairs by using the Mann-Whitney 

U test as post hoc analysis, showing that the necrotic tissue 

percentage in the Sericin group was lower than in the Placebo 

group (p=0.002) and the Sham operated group (p=0.002). At 

the end of the tenth day, the sericin application limited the 

formation of necrotic tissue in the sections.

Cellular infiltration

There were significant differences among the study groups 

in terms of cellular infiltration scores. The infiltration scores 

in the Intact control group were 0–1, the infiltration scores in 

the Sericin group were 1–2, the scores in the Sham operat-

ed group were 3–5, and the scores in the Placebo group were 

3–4. We found less cellular infiltration in the Sericin group than 

in the Placebo group and the Sham operated group (Table 3).

Degree of edema

The edema was graded in all groups. The edema scores accord-

ing to group are given in Table 4. When the study groups were 

compared in terms of edema grades, the scores were 0–1 in 

the Intact control group; 0–3 in the Sericin group (but most-

ly 1–2), and the edema scores in the Sham operated group 

and the Placebo group were distributed in a balanced man-

ner at higher scores (4–5). The edema scores were distribut-

ed at lower levels in the Sericin group than in the Sham oper-

ated group and the Placebo group (Table 4).

Collagen discoloration

Collagen discoloration observed in the tissues in all study 

groups was scored and the results are given in Table 5. Scores 

were 0–1 in the Intact control group and 1–2 in the Sericin 

group, but in the Sham operated group and the Placebo group 

A

C

B

D

Figure 4.  Mallory Azan staining of the sections images of dorsal skin flap: (A) Intact control group, (B) Sham operated group, 

(C) Placebo group, (D) Sericin group. Original magnification ×20, scale bar=250 µm. Small picture magnification ×10, scale 

bar=500 µm. Yellow arrow shows location of incision line.

1070
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Ersel M. et a.: 
Wound healing effect of sericin

© Med Sci Monit, 2016; 22: 1064-1078

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

ANIMAL STUDY



the scores were mostly 3–4. The collagen discoloration scores 

in the Sericin group were lower than in the Sham operated 

group and the Placebo group.

Immunohistochemical results

Anti-iNOS staining

Anti-iNOS staining in the Control group showed immunoreac-

tion in sebaceous glands, hair follicles, and epidermis. While 

there was intense immune-positivity in the Intact control group 

after the incision wound, there was less immune-positivity in 

the Sham operated group and the Placebo group. The Sericin 

group showed an immunohistochemical reaction similar to 

that in the Control group (Figure 5).

Anti-desmin staining

It was observed in the control group that the muscle that is im-

mune-positive in anti-Desmin staining musculus erector pillia was 

located in the hair roots in longitudinal form. It was determined 

that these muscles were placed in a short and flat manner in 

the Placebo group, and had degenerative findings in parts. In 

the Sericin group, on the other hand, it was observed that this 

structure was similar to that of the Control group, and that it 

was long and the muscle structure was protected (Figure 6).

Biochemical results

At the end of the biochemical analyses, the oxidative stress mark-

ers and the antioxidant enzyme levels were determined. According 

to these analyses, the MDA (malonyldialdehyde), which appears 

after lipid peroxidation and which is an oxidative stress marker, 

was determined as being significantly lower in the Sericin group 

than in the Placebo and Sham operated group (Table 6; p<0,001). 

A

C

B

D

Figure 5.  Anti-iNOS staining of the sections images of dorsal skin flap: (A) Intact control group, (B) Sham operated group, (C) Placebo 

group, (D) Sericin group. Original magnification ×20, scale bar=250 µm
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GPx (Glutathione Peroxidase), SOD (Superoxide Dismutase), and 

catalase, which are important antioxidant defense enzymes, were 

significantly higher in the Sericin group than in the Sham oper-

ated group and the Placebo group (p<0.001).

Discussion

Wound healing is a natural response to tissue damage. The 

healing process includes cellular activity that forms a com-

plex cascade. After this activity, the resurfacing, reconstruc-

tion, and the restoration of the wound tensile power is en-

sured [34]. Limitation of keloid formation is important as well 

as the development of wound tensile strength [35]. Healing 

of incision wounds without leaving scars is the goal of medi-

cal and surgical practices. The basic aim in wound healing is 

the restoration of the connective tissue and fast wound clo-

sure. The desired outcomes in this process are minimal pain, 

minimal discomfort, and minimal scar formation [7]. Various 

medications and medical dressing materials have been devel-

oped and used to accelerate wound healing and optimize the 

healing process [2,4,6,7,10,13,36].

Bombyx mori synthesizes silk that consists of 2 types of pro-

teins: fibroin and sericin. Fibroin has a fibril structure and ac-

counts for 70% of the structure of pure silk. Sericin, on the oth-

er hand, is a sticky water-soluble protein and surrounds and 

connects the fibroin fibers [37]. Fibroin is used in production 

of raw textiles and in some bio-material applications. On the 

other hand, sericin is regarded as waste material in the textile 

industry [29]. It has been demonstrated in recent years that 

sericin has proliferative effects on some cell membranes, and 

also has various other biological activities. In previous in vivo 

and in vitro studies, sericin has been used in gauze bandages or 

medical dressings and was applied as ointment [19–22,38–40].

Sericin increases the attachment and proliferation of skin fibro-

blasts, osteoblasts, and keratinocytes [19,41–43], and clearly 

A

C

B

D

Figure 6.  Anti-desmin staining of the sections of dorsal skin flap: (A) Intact control group, (B) Sham operated group, (C) Placebo group, 

(D) Sericin group. Original magnification ×20, scale bar=250 µm. Red arrows show M. arrector pillia.
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increases collagen production and epithelization [16,44,45]. In 

addition, sericin can be used an antioxidant, antibacterial, co-

agulant, and moisturizer [18,44,46–48].

A recent study determined that silver sulfadiazine preparations 

containing sericin increased the collagen production in burn 

patients and decreased the pain [38]. Aramwith et al. investi-

gated the use of 8% sericin formulation in empirical incisional 

wound models with a different empirical method and reported 

decreased inflammation in the wound area and reduced wound 

size [16]. There were no ulcerations, and, as the amount of 

collagen was increased, wound healing was accelerated [16].

The present study, which used a wound healing model formed 

with a dorsal graft, showed that sericin was superior to the pla-

cebo in all criteria. Hair root degeneration was prevented in rats 

treated with sericin, and epidermal thickness and number of 

vessels, which is an important finding of wound healing, was 

significant higher than in the Placebo group and Sham operat-

ed group. Epidermal thickness provides clues about scar forma-

tion. If epidermal thickness is less, the chance of scar formation 

Group n Median Min Max KWc2* p

Number of total hair 

roots

Intact control** 7 43 38 46

21.993 <0.0001
Sham** 7 24 19 29

Placebo** 7 28 20 30

Sericin** 7 33 29 36

Number of 

degenerated hair 

roots

Intact control 7 – – –

13.775 0.001
Sham** 7 24 19 19

Placebo** 7 24 19 31

Sericin** 7 9 8 12

Number of vessels

Intact control** 7 40 37 45

23.227 <0.0001
Sham** 7 9 6 10

Placebo** 7 9 7 12

Sericin** 7 23 19 30

Table 1. Intergroup comparision of biopsy samples for total and degenerated hair roots and number of vessels.

 * Kruskal Wallis Chi Square; ** Post-Hoc p<0.05.

Group n Mean
Standart

deviation
Min Max KWc2* p

Epidermal 

thickness

(µm) 

Control** 7 39.97 1.18 37.94 41.68

22.440 <0.0001
Sham** 7 27.52 1.44 25.79 29.64

Placebo** 7 27.82 1.95 24.64 29.88

Sericin** 7 36.11 1.96 33.65 38.99

Necrotic tissue 

percentage (%)

Control 7 – – – –

13.471 <0.0001
Sham** 7 31.77 1.95 31.77 29.45

Placebo** 7 31.47 1.55 31.77 29.45

Sericin** 7 7.90 1.11 8.34 6.57

Table 2. Intergroup comparision of biopsy samples for epidermal thickness and necrotic tissue percentage.

* Kruskal Wallis Chi Square; **Post-Hoc p <0.05.
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is greater [2]. We found that epidermal thickness was clearly 

greater in rats treated with sericin. The optimization of colla-

gen synthesis as a result of fibroblast activity [40] increased by 

sericin might have accelerated the epidermal healing process.

The necrotic tissue area percentage around the incision areas 

in Sericin group rats was significantly lower compared with the 

Placebo group and the Sham operated group, suggesting that 

sericin limits necrosis, perhaps by limiting lipid peroxidation 

in the tissues. MDA, a marker of oxidative stress, was signifi-

cantly lower in the Sericin group. The enzymes GPx, SOD, and 

catalase help the body deal with oxidative stress and were de-

tected at much higher levels in the Sericin group. Depending 

on the decrease in oxidative stress in wound healing studies, 

there is a direct relationship between wound healing and pre-

vention of scar tissue formation [2,13,16,19–22,49,50].

Groups
Cellular infiltration score

Total
0 1 2 3 4 5

Intact control 3 4 0 0 0 0 7

Sham operated 0 0 0 2 3 2 7

Placebo 0 0 0 2 5 0 7

Sericin 0 4 3 0 0 0 7

Total 3 8 3 4 8 2 28

Table 3. The scores for the degree of cellular infiltration.

A score of 0 = £3 inflammatory cells, 1 = 3–10 inflammatory cells, 2 = 11–20 inflammatory cells, 3 = 21–30 inflammatory cells, 

4 = 31–40 inflammatory cells, and 5 = ³41 inflammatory cells.

Groups
Score for degree of edema

Total
0 1 2 3 4 5

Intact control 3 4 0 0 0 0 7

Sham operated 0 0 0 1 3 3 7

Placebo 0 0 0 1 3 3 7

Sericin 1 3 2 1 0 0 7

Total 4 7 2 3 6 6 28

Table 4. The scores for the degree of edema.

A score of 0 = normal; 1 = mild increase; 2 = mild to moderate increase; 3 = moderate increase; 4 = moderate to marked increase; 

5 = marked increase.

Groups
Scores for collagen discoloration

Total
0 1 2 3 4 5

Intact control 3 4 0 0 0 0 7

Sham operated 0 0 0 2 4 1 7

Placebo 0 0 0 3 4 0 7

Sericin 1 3 3 0 0 0 7

Total 4 7 3 5 8 1 28

Table 5. The scores for the degree of collagen discoloration.

A score of 0 = normal; 1 = mild increase; 2 = mild to moderate increase; 3 = moderate increase; 4 = moderate to marked increase; 

5 = marked increase.
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After incision injuries, additional tissue damage and edema 

are caused by disruption of vascular integrity, initial neutro-

phil infiltration to tissue in the inflammation phase, and cells 

in this area producing protease and reactive oxygen species 

(ROS) to eliminate infection and cellular debris in the wound 

area [3]. When the 4 study groups were evaluated in terms of 

edema and cellular infiltration, the lowest edema and cellu-

lar infiltration scores were found in the Sericin group. Another 

secondary activity of macrophages is the clearing of apoptot-

ic cells (mainly neutrophils) and ensuring the resolution of in-

flammation [3]. Previous studies reported that sericin increas-

es the activity and number of macrophages [40]. The observed 

decrease in edema might have been contributed to by the lim-

itation of cellular infiltration by sericin due to its antioxidant 

effects and ROS scavenging activity [19,22]; the limitation of 

effects of mediators like plasma-activated C3a and C5a; trans-

forming growth factors b and a, and PDGF [51], which cause 

infiltration; and the sequestration by the increased number 

of macrophages.

One of the important conditions for wound healing is sufficient 

circulation to correct tissue ischemia [2]. Angio-neogenesis in-

creases oxygen levels and promotes collagen synthesis and cell 

proliferation [52]. When we consider the results of the study, 

the positive effects of sericin are clearly observed in terms of 

vascularization. Vascularization was at a much higher level 

in sections obtained from rats treated with sericin compared 

with the other groups. The histopathological examination in 

this study explored the effects of sericin on wound healing by 

applying a dorsal skin flap model directly to the incision area, 

showing that the sections of the Sericin group were similar to 

the Intact control group in terms of collagen distribution, scar 

formation, and collagen discoloration. These results reveal the 

positive effects of sericin on wound healing.

The collagen discoloration, which is an important parameter of 

wound healing, was limited in the Sericin group, and did not 

reach the deeper areas of the dermis from the epidermal lay-

er. Collagen discoloration was clearly increased in the Sham 

operated group and the Placebo groups, which did not receive 

sericin. In addition, Mallory-Azan staining (Figure 4) showed 

that the collagen was in a more effective form and in a struc-

ture that supported connective tissue formation. Motta et al. 

revealed that collagen led to properly modulated collagen ly-

sis and prepared the way for healthier fibroblast prolifera-

tion [53]. The optimization of collagen use in the Sericin group 

might be explained by increased collagen synthesis [40]. As a 

last item, the decrease observed in the Sericin group in terms 

of collagen discoloration might be caused by increased scav-

enger activity [22]. It was used more effectively in connective 

tissue formation (Figure 4) because of the collagen-optimized 

fibroblast activity [53], and an image supporting the connec-

tive tissue formation emerged.

Nitric oxide (NO) has a role in wound healing similar to that 

of the conductor of an orchestra. It has been shown in in vi-

tro [54] and in vivo studies that it influences macrophages, fi-

broblasts, and keratinocytes, and ensures coordination among 

cells during wound healing [55]. NO is an important cellular 

signaling protein which has a role in many vital processes [56]. 

NO is synthesized in 3 different forms by nitric oxide synthe-

tase from the amino acid L-arginine [57]. Many cells can syn-

thesize NO with cellular endothelial or inducible nitric oxide 

synthase (iNOS) enzymes in wound healing [58,59]. Zhao et 

al. showed that iNOS may play crucial roles in all wound heal-

ing processes [60].

It has been revealed in many studies that the decrease in NO 

synthesis decreases collagen deposition and increases wound 

fragility [61–63]. The effects of NO on keratinocytes were test-

ed in photo-damaged skin, in different models formed in skin 

incisions, and in burn injuries, showing that decreased NOS ac-

tivity led to decrease in epithelium proliferation in the wound 

types in all models [55].

Sericin might have directed the function of collagen in wound 

healing with its antioxidant activity and with the increase in 

NO levels [57,60]. Using anti-iNOS staining, we found that 

the i-NOS activity in the tissue occurs in epidermis and glan-

dula sebaceas.

Sham operated group Placebo group Sericin group

MDA (nmol/mg)  0.255±9.3  0.248±8.9  0.177±10.2*,#

GPx (mU/ml)  7.6436±12.3  7.772±11.5  11.9708±8.3*,#

SOD (U/ml)  8.029±11.2  8.105±10.4  9.715±8.9*,#

Catalase (U/ml)  0.3346±10.7  0.3567±12.7  0.7832±10.6*,#

Table 6.  Malonyldialdehyde (MDA), glutatihion peroxidase (GPx), superoxide dismutase (SOD) and catalase (CAT) activities in the 

wound area of the experimental groups.

* p<0.001, when compared to sham-operated group; # p<0.001, when compared to placebo group. GPx – glutathion peroxidase; 

MDA – malonyldialdehyde; SOD – superoxid dismutase.
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While the anti-iNOS expression in the Intact control group and 

the Placebo groups was limited, in the Sericin group we found 

that the i-NOS activity in tissues was increased. The high NO 

levels detected in tissues show the positive effect of decreas-

ing oxidative stress in wound healing [60].

Desmin, vicilin, and vimentin were expressed in arrector pili 

and smooth muscles. Desmin is a key sub-unit in the interme-

diate filaments of the cardiac, skeleton, and smooth muscles, 

and is a muscle-specific protein [64]. The arrector pili muscles 

are small muscles that are connected to hair follicles in mam-

mals and are responsible for piloerection [65]. These muscles 

and sebaceous glands (follicular unit structures) are important 

markers in healthy skin structure [66]. For this reason, evalua-

tion of these muscles in skin biopsies is a strong information 

source. Desmin arrector pili is a marker used in showing the 

muscle damage [67]. Clarkson and Tremblay used immune ex-

pressions of desmin for measurement of muscle damage [68].

We found more intact hair roots in and around the incision 

area in the Sericin group together with anti-desmin staining. 

The Sericin group had more hair roots than the other incision 

groups. In addition, we observed in the histological examina-

tion that there were more hair roots in the Sericin group. We 

found that the condition of the m. erector pili located near the 

hair roots was due to the protection against oxidative stress 

after sericin application. Therefore, the condition of m. erec-

tor pili in the Sericin group was closer to that of the Control 

group than the other incision groups.

Free radicals and antioxidants negatively influence wound heal-

ing by triggering oxidative stress. This ROS elimination may 

be a critical point in wound healing [69]. There are some stud-

ies in the literature showing the antioxidant effects of sericin 

[21,22,49]. Sericin exhibits high ROS-scavenging activity [20,22].

MDA, which appears due to lipid peroxidation, is a very harm-

ful substance that influences the ion change in the cell mem-

branes and disrupts the permeability, gains a mutagenic char-

acter by having a reaction with DNA bases, and blocks cellular 

metabolism, leading to cytotoxicity [50,67]. In the present study, 

the MDA levels were found to be significantly lower higher in 

the Placebo group and the Sham operated group. Our results 

agree with the results reported by Dash et al. [19].

Different defense mechanisms act in preventing lipid perox-

idation. These mechanisms are the structures that decrease 

the activity of free oxygen radicals or limit the reactions of the 

structures like hydrogen peroxide or hydro-peroxides, and are 

called antioxidants [70]. An important part of the antioxidant 

defense consists of special enzymes clearing O
2
– and H

2
O

2
. 

These are the superoxide dismutase, catalase, glutathione 

peroxidase, glutathione reductase, and glucose-6-phosphate 

dehydrogenase enzymes [71]. The enzymes whose levels were 

determined in the present study – glutathione peroxidase (GPx), 

catalase, and superoxide dismutase (SOD) – are the antioxi-

dant enzymes. While glutathione shows its antioxidant activity 

by joining to the free radicals in the medium and by prevent-

ing the oxidative damage of the cell, it also shows its activity 

by holding the sulfhydryl groups in the proteins at a reduced 

status, and by preventing inactivation that may appear in the 

proteins and enzymes [72]. In our study, the Sericin group had 

higher GPx levels. SOD is the enzyme that provides the first 

defense in oxygen toxicity against the production of free ox-

ygen radicals and catalyzes the conversion of O
2
 to H

2
O

2
 [73]. 

This enzyme level was significantly higher in the Sericin group. 

As the last item, the catalase levels were also clearly higher 

in the Sericin group.

All of these biochemical tests show that sericin limits the ef-

fects of oxidative stress at the cellular level. Although epidermal 

thickness, controlled collagen use, and vascularization are im-

portant factors in wound healing, sericin can prevent oxidative 

stress and affect wound healing in a positive way [19,22,40]. 

However, the main positive effect of sericin in wound healing 

may come from its potent anti-oxidative characteristics [40].

Limitations

Our study focused on short-term wound healing effects of ser-

icin, which overlaps with the proliferation phase. However, to 

evaluate the long-term effects of sericin on wound healing, 

other parameters need to be investigated, such as scar forma-

tion, decrease in infection rates, keloid formation ratio, skin 

integrity, and tensile strength of the wound. Further studies 

are needed to investigate parameters involved in the remod-

eling phase of wound healing.

Conclusions

In the Sericin group we found increased epidermal thickness 

and vascularization and decreased necrosis, hair root de-

generation, cellular infiltration, and collagen discoloration. 

Histopathological analysis showed that the Sericin group had 

values similar to those obtained in the Control group in terms 

of collagen distribution, discoloration, and scar formation in 

wound healing.

In addition to these results, the clearly lower levels of oxida-

tive stress markers in the Sericin group emphasize the potent 

antioxidant characteristics of sericin and provide strong proof 

that sericin may be useful as an agent to optimize wound heal-

ing via its anti-oxidative effect. Our study of the effects of ser-

icin on wound healing used histopathological and biochemi-

cal methods, and showed that sericin has positive effects in 
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the wound healing process. These positive effects of sericin in 

wound healing must be evaluated in human clinical studies.
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