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Abstract: Skin, as the largest body organ, performs several functions namely creating a protective barrier against
microorganisms and regulating body temperature. For this reason, maintenance of skin integrity and health is of
high importance. This tissue can repair itself in limited damages; however, under some conditions such as severe
burns, extensive and deep damage, and chronic wounds, skin loses its ability to completely repair itself. For this
reason, the products that help repair the wound are needed. Such skin products are prepared through skin tissue
engineering. In this respect, extensive research has been done, and natural and synthetic materials with different
potentials were used to prepare wound dressings. One of these materials is the eggshell membrane which is a
fibrous structure between the inner layer of the mineral shell and the egg white. This membrane has attracted a
number of researchers’ attention due to its porous structure, biocompatibility, availability, non-contamination,
containing natural proteins and compounds similar to the extracellular matrix, and low cost. It has many
applications in medicine, among which is preparation of wound dressings and wound healing products with
promising results. In this study, eggshell membrane is introduced as a natural biomaterial. Further, its application
in wound healing and preparation of wound dressings are reviewed.
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1. INTRODUCTION

Skin is a three-layered structure with essential
functions, and maintaining its integrity and health is
essential (Mescher et al. 2009). Sometimes, in the case
of severe wounds and injuries, skin cannot repair itself
entirely, necessitating use of products such as wound
dressings to help wound healing. Nowadays, natural
materials play an important role in the preparation
process of wound dressings due to their
biocompatibility, appropriate degradability, and ability
to integrate with various types of cells and tissues
(Faghihi et al. 2019).

One of the natural materials used to prepare wound
dressings is Eggshell Membrane (ESM). Owing to
ESM's unique properties, it is used in various fields such
as cell culture, heavy metal absorption for water
pollution control, fabrication of biosensors, nickel oxide
capacitors, and solar cells.

The present study aims to introduce ESM as a natural
biomaterial with high potential in wound healing.
Research studies in this area indicated that combining
eggshell membrane with other materials to enhance its
properties yielded positive results in wound healing,
thus making it suitable for wound dressings (Park et al.

2016).

2. EGGSHELL MEMBRANE
ESM is a fibrous protein-based structure between the
eggshell and egg white. Its porous structure,

biocompatibility, availability, lack of contamination,
presence of natural proteins and active functional groups
on its surface, modification capability, and low cost
have drawn researchers' attention to using eggshell
membrane in various fields. Of note, the eggshell
membrane contains components similar to Extracellular
Matrix (ECM). Therefore, the porous structure of ESM,
resembling the ECM, promotes cellular adhesion and
triggers intracellular signaling pathways, hence
successful tissue regeneration (Sah et al. 2016).

ESM is a natural bilayer and semi-permeable

scaffold composed of an interwoven network of thin
fibers in the inner layer and thick fibers in the outer
layer. ESM contains 85-80% organic and 20-15%
mineral material. In the organic part, 10% contains
collagen (Types I, X, and V) while 75-70% includes
other elements such as keratin, proteoglycans, and
glycoproteins (Sah et al. 2016). Each strand of ESM
fibers has a collagen-rich core surrounded by a
glycoprotein layer (Sah et al. 2016).
The low toxicity and biocompatibility make ESM a
suitable material. Due to its high protein and
glycoprotein content, ESM promotes cell behaviors such
as adhesion, spreading, and proliferation. Followed by
Tavassoli's attempt in 1983 to use ESM in cell culture,
many researchers suggested eggshell membrane as a
suitable substrate for cell culture (Park et al. 2016).

An analysis of the mechanical properties of the
eggshell membrane indicates that its behavior is similar
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to that of other natural polymers in some places. The
entropy mechanism of collagen degradation in ESM is
the main driving force at low strains. However, at higher
strains, the mechanical behavior of the ESM resembles
that of fibrous networks and cellular solids (Sah et al.
2016).

The insolubility of the eggshell membrane limits its
application. This insolubility results from disulfide
bonds within the ESM structure. A soluble form called
Soluble Eggshell Membrane Protein (SEP) is prepared
in common, non-toxic solvents to overcome this
limitation. Therefore, SEP can enhance the application
of the ESM as a natural material owing to its significant
potential in clinical studies, e.g., wound dressings and
tissue engineering scaffolds. Of note, one of the
drawbacks of the SEP is its lower antibacterial activity

than that of ESM (Park et al. 2016).

3. EGGSHELL MEMBRANE IN WOUND
HEALING

One application of ESM in biomedical engineering
is skin tissue engineering as a biological covering for
burns and skin grafts since ESM has lipid and hydrated
protein phases (resembling skin's stratum corneum) and
exhibits pH-independent permeability. Moreover, due to
its capacity to stimulate epithelial tissue regeneration, it
enhances skin tissue repair. Generally, the fibrous and
porous structure of ESM, resembling the ECM, and its
protein content improve adhesion and proliferation of
skin cells, thus accelerating the wound healing process
(Aggrawal et al. 2022).

Recent studies have focused on enhancing the ESM
properties through combination with other materials and
intensifying its impact on wound healing. For instance,
Lee et al. (Li et al. 2016) prepared a nanocomposite of
the eggshell membrane with copper and bioactive glass
to decrease the survival rate of E. coli bacteria from 20%
to 10%. Additionally, they improved the adhesion and
proliferation of human umbilical vein endothelial cells
on nanocomposite samples. Silver nanoparticles
(AgNPs) are another type of additives used to enhance
the antibacterial properties of ESM, facilitating the
transfer of antibiotics deep into the tissue (Li et al.
2019). In this study, silver nanoparticles improved the
antibacterial properties of wound dressings by
disrupting bacterial membranes and DNA. Furthermore,
electrospun fibers of chitosan and polycaprolactone
(PCL) on ESM increased the resistance of composite
samples against E. coli and S. aureus bacteria compared
to ESM (Guharay et al. 2018).

In addition to the antibacterial properties, the
mechanical characteristics of ESM were also improved
by combining it with other materials. Park et al. (Park et
al. 2019) coated the surface of ESM with a layer of
grapheme, which in turn improved its tensile strength.
The uniform dispersion of graphene on the surface
facilitated stress transmission and increased mechanical
strength. Modifying ESM using acetic acid and citric
acid (Choi et al. 2021) also improved membrane
hydrophilicity and mechanical strength more than twice
that of natural ESM. In another study, the electrospun
nanofibers of ESM and polycaprolactone improved the
antibacterial property of the membrane against E. coli
bacteria and its mechanical strength (Bello et al. 2022).

SEP is widely used in electrospinning and surface
modification of polymer scaffolds to improve their
properties and accelerate wound healing (Sah et al.
2016). Electrospun SEP fibers exhibit high potential to
be used as skin scaffolds; however, due to its brittle
fibers, other biocompatible polymers are combined with
SEP for electrospinning (Yi et al. 2004). Moreover, due
to the ideal characteristics and protein-based structure of
SEP, it has been widely used for modifying the surface
of wound dressings to enhance cellular adhesion, cell
response, and wound healing (Yi et al. 2004).

4. CONCLUSION

The eggshell membrane is a two-layered fibrous
structure between the shell and egg white, possessing
favorable characteristics such as a porous structure,
biocompatibility, availability, and low cost. These
features have made ESM a suitable material in various
fields including, skin tissue engineering. ESM has been
used in combination with other materials in wound
dressing fabrication, yielding promising results and
demonstrating considerable potential in wound healing
enhancement. Application of this membrane also
presents limitations. One of these limitations is the size
of the membrane. The eggshell membrane size ranges
from 40 to 50 cm?, restricting its application in extensive
injuries. Moreover, caution must be exercised in the
clinical use of ESM-based dressings as some individuals
are allergic to egg proteins, potentially triggering their
immune system. Finally, according to the results of the
studies, ESM as a natural biomaterial proves to have a
high potential in wound healing and tissue engineering
applications, and it is hoped that its utilization will be
extended to other biological applications.
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