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Abstract

Eggshell Membrane (ESM) has been used as an alternative natural bandage to cure wounds and is available in large quantities from egg industries. This study is 
based on the use of natural resources for skin tissue reconstruction. It needs to understand regeneration of tissue with Extracellular Matrix (ECM). 

Wound healing is a complicated and continuous recovery process of damaged tissues by replacing dysfunctional injured cellular structures. The wound healing 
process recruits some different phases: the fi rst phase for hemostasis, the second phase for infl ammation, the third phase for proliferation, and last phases for maturation/
tissue remodeling. Each process needs an appropriate surrounding to achieve accelerated healing. Because the skin is in contact with the outside, injuries occur and 
therefore the surface is often injured. Due to the different types of wounds, as well as the advancement in medical technology, various products have been developed to 
repair different skin lesions. 

We investigate the wound healing effects which are measured by dividing into the Exture® group, the commercially available wound dressing group (positive control), 
and the untreated group (negative control). We induced wounds and measured the healing process for 20 days for a comparison experiment of collagen membrane wound 
healing. 

As for the wound, the decrease in wound area using external photographs, the healing process within the tissue, and the immune response were measured through 
hematology analysis. We confi rmed some differences through comparison of blood cell analysis and wound healing process but did not fi nd statistical signifi cance. There 
was no signifi cant difference between treated collagen wound dressing fi lm and commercial wound dressing fi lm. 

Thus, this study reveals that the possibility of use natural source-based wound healing products brings suffi  cient wound healing results. 
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Introduction 

In addition to covering the body’s surface, the skin is the 
largest organ that performs essential functions in the body’s 
immunity, thermoregulation, and protection [1]. However, 
because the skin is in contact with the outside, injuries occur 
and therefore the surface is often injured [2]. The occurrence 
of wounds is unpredictable, and the healing process is complex 
and diversifi ed [3]. 

For a wound to healing, it undergoes a process of 
tissue growth and regeneration consisting of hemostasis, 
proliferation, migration, infl ammation, and tissue modeling 
[4]. Traditionally, for wound healing, humans have used 
bioactive compounds for many types of wound management 
[5]. Skin regeneration is a complex of cell and other component 
cooperation comprising interfaces between in immune and 
connective tissue cells [6]. The early stage of the wound 
healing process is very important, i.e., it needs to be provided 
with an Extracellular Matrix (ECM) basis for cell regeneration 
and reduced scar formation [5]. An acellular ECM is a protein-
rich matrix that is essential for cell adhesion and structural 
support [7]. The microstructures of native ECM scaffolds are 
used in tissue engineering and promote cell endo growth, ECM 
deposition, and neo-tissue formation [5]. 

The integument is a complex coordinated wound-healing 
cascade to maintain homeostasis [8]. When healing skin 
wounds, the longer it takes for the wound to heal, the more 
the disease penetrates the body and has a pathologically bad 
effect. Implantation of ECM into the wound skin to reduce the 
duration of wound healing can accelerate wound healing [9]. 
Incisional or surgical wounds do not lead to fi brosis and heal 
through connective tissue and epithelial regeneration [10]. 

Cells and the microenvironment form a comprehensive 
network of tissue repair, cell proliferation, cell differentiation, 
migration, and apoptosis. In addition, the extracellular matrix 
(ECM), which is a complex network of fi brous proteins, 
carbohydrates, and glycoproteins contained in cells, is an 
important factor in tissue regeneration [11]. 

The fi nal stage of wound healing is remodeling into scar 
tissue. The formation of new stromal tissue is also associated 
with the initiation of re-epithelialization and is produced by 
local keratinocytes at the wound margin and epithelial stem 
cells in sweat glands or hair follicles [12]. 

When the skin is damaged, blood vessels constrict, platelets 
are activated to coagulate, and bleeding stops [13]. Fibrin helps 
white blood cells infi ltrate. Neutrophils migrate to the site of 
injury and are the fi rst line of defense against infection [14]. 
Among the immune cells involved in the repair process of 
damaged skin, neutrophils are rapidly recruited by about 50% 
of all cells in the damaged area within 24 hours after injury, 
and are called “fi rst responders”[3]. 

The biomimetic scaffolds have been used to assist in wound 
healing and skin reconstruction [15]. Eggshell Membrane 
(ESM) has been used as a biomaterial that promotes cell growth 
for skin wound healing. Water-soluble ESM could promote 
the synthesis of type III collagen in mouse skin and greatly 

improve the elasticity of human skin and reduce facial wrinkles 
[16]. The eggshell membrane is composed of a two-layered 
structure consisting of the inner and outer shell membranes. 
The fi ber thickness of the shell membrane was 0.1 μm - 3 μm 
and the inner shell membrane was 15 μm - 26 μm thick, and 
the thickness of the whole layer was not calcifi ed. The outer 
fi lm, with individual fi ber thicknesses in the range of 1 μm - 7 
μm and total layer thickness of 50 μm - 70 μm, is calcifi ed and 
infi ltrated into the inner surface of the ES [17,18]. The average 
thickness of the double-layer ESM is about 70 μm. 

Natural biomimetic scaffolds are suitable for wound healing. 
This scaffold modulates collagen, elastin, glycosaminoglycans, 
proteoglycans and connective tissue glycoproteins that make 
up skin tissue structure and activate important cellular 
pathways [19]. 

Ovozen Co., Ltd. has developed a new biomaterial 
replacement product using collagen extracted from eggs which 
is Exture®. The product produced using ESM is known to 
promote cell growth and increase adhesion to show excellent 
effi cacy in wound healing [20]. 

The characterization of the Exture® is very similar to 
a natural eggshell membrane. This product focused on cell 
culture, material production and 3D culture system [21]. 

The porous structure of ESM is widely used in biological 
applications because it is easily available for cell culture, 
biocompatible, free from contaminants, and is an eco-friendly 
material that functions by itself or after modifi cation [20]. ESM 
is a protein-based fi brous tissue that is located between the 
egg shell and the egg white to prevent bacterial invasion and 
has similar functions to ECM components [22]. 

The structure of ESM consists of an inner knit network 
of thin fi bers and an outer network of thick fi bers. The 
composition of ESM is that in an organic matrix, 10% of the 
constituents are collagens I, V and X, which act as primary 
structural components, and 70% - 75% of the constituents are 
secondary, including osteopontin, keratin, proteoglycans and 
glycoproteins. It has a protein component [23,24]. 

The eggshell membrane is composed of a large number 
of amino acids and has many therapeutic applications in 
unprocessed or processed forms [25]. 

Contribution/Originality

This study is one of the unique studies which have 
investigated by comparing the wound dressing effi ciency of 
the wound dressing test membrane using eggshell membrane, 
which is natural collagen, between the untreated group and 
the commercial membrane treated group. The study has also 
contributed to the existing literature concerning the wound 
dressing effi ciency of a natural collagen. 

Methodology 

Wound healing 

The experiment was divided into 3 groups. The wound 
healing effect was measured by dividing into the Exture® 
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(Ovozen co., Ltd) fi lm type group, the commercially available 
wound dressing group, and the untreated group. Each treatment 
group used 5 animals in the experiment. 

In order to provide the same environment for each 
treatment group, sterilized gauze (Tegaderm; 3M Health Care, 
USA) is covered, and an elastic band (Cobanl; 3M Health Care, 
USA) is wrapped over it so as not to interfere with movement. 

Observation of macroscopic wound changes 

In order to observe the progress of wound healing, images 
were taken at a certain distance for each group using a digital 
camera (CAMEDIATM, Olympus Co., Tokyo, Japan) at intervals 
of 5 days from the start of wound induction, and the changes 
in the wound were visually observed. 

Measure the area of the wound with a digital caliper 
(Mitutoyo Co., Kawasaki, Japan) to indicate it as an objective 
index. 

Wound healing rate (%) = treatment occupancy by period 
(%) = Wo: Wound area immediately after wound induction Ui: 
Wound area on the measurement date Ub: Wound area on the 
previous measurement date Histological examination. 

Animals 

The subject SD rats were fasted for 24 hours before 
anesthesia, and water was supplied. 

In all experimental groups, one hour before the induction 
of wounds, 30 μL of zoletyl 50 and Lumpun were mixed in a 
(1:2) ratio and anesthetized by intramuscular injection. 

After disinfection by applying 10% povidine-iodine and 
70% ethanol to the back, a fullthickness defect including the 
dermis was induced with a diameter of 2 cm × 2 cm using 
sterilized surgical scissors on the back. 

Animal testing was approved by the Animal Experiment 
Ethics Committee of the Chonbuk National University 
Transmitted Infectious Disease Research Center (IACUC - JBNU 
2021065). 

The wound healing rate was calculated by the method 
suggested in previous studies 7,8 for the change in the wound. 

After 20 days from the induction of the wound, the 
experimental animal is euthanized using ethyl ether according 
to the method by excessive administration of psychotropic 
drugs specifi ed in the standards for laboratory animal 
management guidelines of Notifi cation No. 889 of the Ministry 
of Health and Welfare. 

Observation of microscopic wound changes 

Wound healing rate (%) = Treatment share by period (%) = 
Wo: wound area immediately after wound induction Ui: wound 
area on the measurement date Ub: wound area on the previous 
measurement date Histological examination. After 20 days have 
elapsed since the induction of the wound, the experimental 
animals were euthanized using ethyl ether using ethyl ether 

according to the method by the overdose of psychotropic drugs 
specifi ed in the guidelines for the management of laboratory 
animals of the Ministry of Health and Welfare Notice No. 88-9. 
Did it. 

Tissue including the entire circular wound was collected, 
fi xed in 10% neutral formalin solution for 24 hours, and a 
section passing through the center of the wound was taken, 
dehydrated, and embedded in a paraffi n block. 

Tissues were cut using a tissue microtome, attached to 
polylysine-coated slides, paraffi n removed and hydrated, 
and subjected to Hematoxylin-Eosin staining and Masson’s 
trichrome staining. 

Blood cell analysis 

Blood is collected for use in blood cell analysis prior to the 
start of testing and at the end of animal testing. 

Histopathology 

Tissues containing the entire round wound were collected, 
fi xed in 10% neutral formalin solution for 24 hours, and 
a section passing through the center of the wound was 
dehydrated and embedded in a paraffi n block. Tissues were cut 
using a tissue sectioned and then attached to polylysine-coated 
slides to remove paraffi n and hydrate. Then, Hematoxylin-
Eosin staining, and Masson’s trichrome staining were 
performed. Statistical processing. All experimental results 
were expressed as mean values and standard deviations. The 
statistical signifi cance test between the control group and the 
experimental group was compared by the student’s t - test 
and only those with p of 0.05 or less and 0.01 or less were 
considered signifi cant. 

Result 

Wound closure evolution 

For this assessment, wound healing rate was measured by 
wound healing area (% of original wound area). On day 5, 10, 
25, 20 post-surgery, animals from the control group showed 
a lower wound healing rate than the commercial and Exture® 
groups, which showed a reduction in the open area of the wound 
(100% to 4.8%). At this time point, no signifi cant differences 
were also found between the commercial and Exture® groups 
(*p < 0.05) (Figure 1). 

Looking at the healing effect according to the wound 
healing period of the different groups, the negative control 
group was healed from 100% to 11.2% and the positive control 
group showing 100% to 10.2% was confi rmed Figure 1.

Evaluation of the reparative process. 

Five days after the intervention, all the animals showed 
a large non-epithelialized defect area and an infl ammatory 
exudate covering the superfi cial zones. In general, in the 
wound area, granulation tissue with numerous blood vessels 
and signs of evident infl ammatory and proliferative phases 
of reparative process were observed in panoramic histological 
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images (Figure 2). The control group showed the greatest 
development and thickness of this tissue. 

In groups negative control, Exture® and positive control, 
reduced granulation tissue formation with homogeneous 
thickness, fewer infl ammatory cells, and induction of 
vasculature in the neo-formed tissue were observed (Figure 2). 

The pattern of wound healing among those three different 
treatments reveals the difference in healing points. There are 
a lot of differences between the positive, Exture® groups and 
with negative group of expression pattern (Figure 3). 

15th Days wound healing score of SCI shows that Exture® 
group are best wound healing point. However, Total of score 
of wound healing measurements are best in positive control. 

Blood analysis 

To survey infl ammation and proliferation, blood is collected 
for use in blood chemistry analysis prior to the start of testing 
and at the end of animal testing. 

The interpretation of the results of the blood analysis tested 
in this study can be interpreted according to the distribution of 
each blood in the blood and the percentage of the total blood 
[26]. 

RBC (Red Blood Cell count) and MCV (mean corpuscular 
volume) fi gure was different in each group. But this difference 
was not very meaningful to estimate hemorrhage. 

Red blood cells play a role in supplying oxygen used as a 
very important raw material to the body throughout the body. 

In general, a high red blood cell count is often a sign of 
dehydration. In certain cases, it is also seen as a sign of an 
uncommon disease that results in excessive amounts of red 
blood cells in the bone marrow. A low red blood cell count is 
sometimes attributed to anemia, blood loss, hemorrhage, bone 
marrow disease or immune disease, and severe red blood cell 
destruction due to ingestion of poisons [26]. 

Figure 1: The wound healing process of negative control, Exture®, commercial sample fi lm for wound healing rate in different time points (*p < 0.05).

 

Figure 2: A hematoxylin and eosin (H&E) and trichrome stain in the neo-formed 
tissue were observed among different treatment. 
L: length of the reepithelialization zone; S: distance between the borders of 
the wound; D: depth of the wound, from the epidermis line; T: thickness of the 
connective tissue; 
N: thickness of the natural dermis on both sides of the wound N = D + T. 
Superfi cial Contraction Index (SCI) = (L - S) / L 
Deep Contraction Index (DCI) = (N - D) / N 
Wound Severity Index (WSI) = (N - T) / N 
Wound Contraction Index (WCI) = SCI + DCI 
Global Healing Index (GHI) = SCI + DCI – WSI. 
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Hemoglobin has the property of binding oxygen to red blood 
cells and releasing the bound oxygen in the body where the 
partial pressure of oxygen is low. A high level of hemoglobin 
usually indicates a high red blood cell count and dehydration. 
Low levels can indicate anemia, hemorrhage, or iron defi ciency. 

MCV represents the mean corpuscular volume and is the 
average quantity of red blood cells. Therefore, a high MCV 
indicates a specifi c vitamin defi ciency, and a low mean iron 
defi ciency. 

PLT represents the platelet and plays a role in preventing 
blood from leaking from blood vessels. In general, high 
platelet counts suggest bone marrow abnormalities and are 
associated with immune blood diseases. If the platelet count 
is low, blood may be leaking somewhere, or a huge amount of 
platelet destruction may be suspected due to a reaction with an 
immune disease or parasite [26]. 

At day 10 Exture®’s PLT (platelet) fi gure was lower than the 
other group. This means Exture® group’s hemostasis process 
was well progressed than the other groups. 

Negative control’s WBC (white blood cell count) higher 
fi gure was assumed to insuffi cient infl ammation process 
which is need to proper immune response than the others 
Figures 4-7. 

White blood cells fi ght germs that infect the body and 
respond when infl ammation occurs. 

An increased number of white blood cells may be observed 
in infection, infl ammation, cancer or leukemia. 

A low white blood cell count can be a sign of a viral infection, 
bone marrow abnormality, or severe infection or sepsis, and is 
concentrated at the site of infection. Since it does not circulate 
in the blood, the natural level is low [26]. 

Segs represents segmental neutrophils, and a high number 
means infection somewhere, and a low number means sepsis. 
In addition, when neutrophils are concentrated at the site of 
infection or used immediately, they circulate less in the blood 
[26]. 

In analysis of neutrophils, after day 10 Exture®’s fi gure 
was lower than the others. It can be assumed to effi cient 
phagocytosis process occurs in Exture® group (Figure 8). 

LYM means lymphocytes and plays a role in fi ghting 
pathogens and produces antibodies to prevent infi ltration of 
pathogens. Lymphocyte counts are elevated in the presence 

 

 

Figure 3: The values of SCI, DCI, WSI and GJI, Which are standards for analyzing 
skin wound healing data, were measured (* p < 0.05).

Figure 4: Analysis of RBC (Red Blood Cells) component hematology analysis of 
negative control, Exture® and negative control respectively (*p < 0.05). 

Figure 5: Analysis of MCV component hematology analysis of negative control, 
Exture® and negative control respectively (*p < 0.05). 



010

https://www.peertechzpublications.com/journals/international-journal-of-veterinary-science-and-research

Citation: Bong LJ, Keun CS, So LJ, Soo KK (2023) Wound healing by brand new product. Int J Vet Sci Res 9(1): 005-012. 
DOI: https://dx.doi.org/10.17352/ijvsr.000131

of infections, viral diseases, or certain cancers such as 
lymphosarcoma, while low levels indicate sepsis or infection 
with a virus affecting the bone marrow [26]. 

In analysis of LYM (lymphocytes), no signifi cant difference 
was observed. It means all groups were not infected by bacteria 
or virus. 

Mono means monocytes (monocytes) and removes germs 
like neutrophils. If the level is high, the complete disappearance 
of monocytes does not occur, indicating that there is an 
infection, and even if the level is 0, it does not mean that a 
specifi c disease has occurred [26]. 

In analysis of MONO (monocytes), at day 5,10 Days Exture® 
group’s fi gure was lower than the others. It can be assumed 
that innate immunity by macrophage is more accelerated than 
the others (Figures 9,10). 

Eos means eosinophil (coral white blood cell) and is a 
white blood cell that responds to allergies or parasites. Even in 
normal blood, the coral white blood cell count may be 0, but it 
is generally not possible to have a low level [26]. 

Baso represents basophils (basophilic white blood cells) 
and appears when infected with certain parasites, especially 
heartworm, and the level may be 0 even in normal blood 
samples, but it is impossible to get a completely low level [26]. 

In analysis of EOS (eosinophils) and BASO (basophils), all 
groups were not shown allergic response. But at day 0 and 5, 
negative control group was higher than the others (Figures 
11,12). 

Discussion 

The main purpose of the wide spectrum of devices or 
treatments developed to promote wound healing is that 
this physiological process promotes wound closure as soon 
as possible and results in a functionally and aesthetically 
satisfactory scar [21]. For this purpose, the organism must 

Figure 6: Analysis of PLT (platelet) component hematology analysis of negative 
control, Exture® and negative control respectively (*p < 0.05). 

Figure 7: Analysis of WBC (white blood cell count) component hematology analysis 
of negative control, Exture® and negative control respectively (*p < 0.05). 

Figure 8: Analysis of neutrophils component hematology analysis of negative 
control, Exture® and negative control respectively (*p < 0.05). 

Figure 9: Analysis of LYM (lymphocytes) component hematology analysis of 
negative control, Exture® and negative control respectively (*p < 0.05). 

Figure 10: Analysis of MONO (monocytes) component hematology analysis of 
negative control, Exture® and negative control respectively (*p < 0.05). 
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be able to reduce cutaneous discontinuity by generating new 
granulation tissue in the wounded area. An epithelial barrier 
must be able to develop on this tissue, reaching continuity 
and avoiding re-openings through the formation of a resistant 
extracellular matrix. This results from cell proliferation, 
synthesis, and maturation of the extracellular matrix [25]. 

In general, the wound repair process occurs in almost all 
tissues after exposure to a destructive stimulus. It must be 
taken into consideration that, in this study, the physiological 
healing process was not compromised in any way. In this 
study, the fi gures of LYM, EOS, BASO shows all the animals 
used were healthy animals without pathologies that might 
have affected healing; therefore, the model showed a standard 
healing pattern, with characteristics of the two phases of the 
skin repair process (infl ammation, proliferation) appearing 
in a progressive and orderly manner until the achievement of 
newly formed connective tissue with reduced cellularity and a 
dense and organized extracellular matrix. In blood analysis of 
this study, WBC (white blood cell count) fi gure and at day 5 and 
10, negative control’s higher BASO (basophils) fi gure than the 
other groups indicate effi cient infl ammation and proliferation 
process was occurred in Exture® group and commercial group 
[26]. 

Other preclinical trials using modifi ed collagen gel 
treatments versus untreated wounds have shown acute 
infl ammatory cell and fi broblast recruitment, collagen I 

Figure 11: Analysis of EOS (eosinophils) component hematology analysis of 
negative control, Exture®, and negative control respectively (*p < 0.05). 

Figure 12: Analysis of BASO (basophils) component hematology analysis of 
negative control, Exture®, and negative control respectively (*p < 0.05). 

deposition, increased endothelial cells, upregulated vascular 
endothelial growth factor, and improved blood fl ow [26,27]. 
That was in accordance with our results (neutrophils, WBC, 
MONO), so we can assume that Exture® fi lm treated wounds 
displayed increased neoangiogenesis, less infl ammatory 
granulation tissue and accelerated proliferation. At day 0 and 
5, PLT and BASO’s negative control’s fi gure was higher than 
the others. At day 5, PLT fi gure of Exture is lower than the 
others. It can be assumed that Exture®’s hemostasis process 
is more accelerated than the others. Negative control’s higher 
PLT and BASO fi gures were caused by excessive infl ammation. 
Because basophil produce compounds histamine and serotonin 
that induce infl ammation, heparin that prevents blood clotting 
[28-30]. 

Taking into account all the morphometric and histological 
results of this research, we can conclude that the Exture® 
group, compared to the untreated control group, produces 
faster wound closure and, at the same time, promotes a slight 
progression of the reparative process. But no signifi cant 
difference was observed with commercial group. However, 
additional studies are needed to confi rm the effects of this 
Exture® fi lm in terms of a compromised healing process. 
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