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A B S T R A C T

Keratin-based biomaterials can be considered as the beneficial platform for designing suitable wound dressers.
One of the most common natural materials that are composed of keratin and lipid is snakes shed skin. In this new
study, shed skin of two different Omani snakes; Bitis arietans snake (Puff adder, “P”) and Telescopus dhara snake
(Arabian Cat snake, “C”); were examined as wound dresser. The presence of lipid and keratin were assessed using
Attenuated Total Reflectance-Fourier Transform Infrared spectroscopy (ATR-FTIR). 3- Layered filamentous
morphology of the P shed skin and the 3-layered compact structure of C shed skin were analyzed by Scanning
Electron Microscopy (SEM). X-Ray powder Diffraction (XRD) analysis proved two main peaks corresponding to
the α-helix and β-sheet of the protein. Crystallinity index (CI) of P and C shed skins were obtained from XRD
peaks 42.85 and 28.57%. The in vivo and histopathological results indicated that skin reconstruction was ef-
fectively improved under P shed skin treatment as compared with negative and positive control (PC) and C
groups. Superior histopathological scores were the beneficial properties of P group over the positive control. The
synergistic effect of natural extracellular matrix-mimicking structure and keratin beneficial proteins for wound
healing could develop a natural substrate for wound healing in the clinical setting.

1. Introduction

Immobilized patients suffer much from chronic non-healing wounds
[1]. This situation resulted in the extension of treatment time and costs.
Since there are limited effective cures to improve the clinical treatment
of these chronic lesions, several researchers focused on finding the
optimal wound dresser with minimal side effects [1]. Treatment of
chronic wounds is still one of the most challenging issues in the field of
regenerative medicine. To treat these wounds there are several diffi-
culties such as necrotic tissue, infection and scar formation [2]. To
overcome these issues, natural or synthetic wound dressers such as
honey, cotton, and linen gauze have been commonly applied [3,4].
Although these wound healing products are accessible worldwide, their
outcomes still limited and novel materials should be solicited especially
for chronic wounds. Among these novel products, biomaterial-based
matrixes, which are mostly biomimetic to the natural tissue, are broadly
applied for skin treatment. These matrixes provided a promising

solution for wound healing [5,6].
The acute wound healing process consists of three overlapping steps

of inflammatory reaction, proliferation, and remodeling [7]. The in-
flammatory phase is a vascular or cellular response to the injury, which
generally results in tissue regeneration [8]. Tissue injury leads to blood
vessel disturbance, loos of blood, and platelets release many mediators
to accelerate coagulation [9]. Platelets are also playing a vital role by
releasing antimicrobial agents, cytokines and growth factors for in-
itiating granulation tissue formation [10]. In parallel, blood clotting
acts as a cellular matrix for the settlement of cells to the injured area
[3,11]. Proliferative phase is the simultaneous formation of epithelium
and granulation tissue to cover and fill the wound space by the pro-
liferation of fibroblasts, collagen deposition and neovascularization
[12]. When the new tissue covers the wound, the remodeling phase
restores tissue structural integrity and functional competence. All the
wounds that heal in a timely manner are called acute wounds which
include a clean and uninfected surgical incision wound created by
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surgical tools [13]. Wound healing progression from one phase to the
next is supported by cellular, matrix, cytokine and growth factors. This
process can be controlled by a suitable wound dresser to reduce the
wound healing delay [12,14,15].

One of the wildly used and biocompatible biomaterials is keratin.
Keratin proteins have 3D fibers, which are the main component of
horns, hair, wool, feathers, and nails [16]. Keratins are composed of
cysteine-rich structural amino acids, which contain a huge number of
disulfides that are responsible for good mechanical properties due to
their hard and fibrous structures [17]. The natural presence of cell
adhesion sequences makes Keratin suitable as a biomaterial for tissue
engineering applications [18,19]. Moreover, keratin is biocompatible
and biodegradable and is able to accelerate the skin regeneration. A
large number of researches have been studied the characteristics and
application of keratin-based biomaterials [20–22]. Keratin was pre-
sented for the first time by Blanchard et al. as one of the most effective
hydrogels for wound healing. In this study, the effect of keratin hy-
drogel on improving cell proliferation and healing was studied [23]. A
few years ago, several articles have also demonstrated keratin-based
biomaterials for improving wound healing. For instance, it has proven
that keratin film improved cellular proliferation and migration which
are critical for successful epithelial wound healing [16,24]. Further-
more, Blood loss resulting from lethal critical injuries should be pre-
vented, urgently. The current therapies for this purpose have failed to
stop bleeding efficiently and they are costly too [25]. Various types of
naturally based hydrogels with unique hemostatic properties provide a
novel platform to manage hemorrhagic trauma [26]. By this way,
keratin-based wound dresser was a candidate as an efficient hemostatic
agent [22,27]. Hemostatic properties of keratin were proved for the
first time by Wake Forest University researchers [22]. One of the major
sources of keratin protein could be snakes shed skin.

The snake's skin consists of scales interrupted by hinge parts
(thinner-scale areas) with no attachments. The shedding of the old
epidermal film of the snakeskin usually happens as a complete molt
during a complicated mechanism [28,29]. The shed skin of snakes is
made of four layers: the outer layer Oberhautchen, the β-layer (mainly
protein), the Mesos layer (lipid-rich) and thinner α-layer (mainly pro-
tein). The Oberhautchen layer contains special types of β-cells that are
mainly responsible for the shedding process [30]. Combination of the
Oberhautchen and the β-layer, which both consist of β-keratins are
considered as a distinctive β-layer in the mature epidermis. The α, β
and Mesos layers play different barrier functions. The lipid connection
with proteins, particularly in the Mesos-layer, is not identified. It has
been demonstrated that the hinge parts of the skin consist of A-layers
and a thin Oberhautchen layer, made of proteins and lipids. This ker-
atinized skin is responsible for the beneficial properties of reptilian
skin. These epidermal scales cover protect Lepidosaurians from abra-
sion and dehydration [30].

Because of the vital role of the skin in protecting of the body from
the outside environment, it is greatly essential to repair the wound in
the shortest time. Due to keratin beneficial properties, keratin-based
wound dressers are mostly recommended by researchers to promote
wound healing dramatically. Moreover, it was evaluated that keratin
can act as a synthetic extracellular matrix (ECM) which has fibronectin-
like cell binding domains responsible for cell adhesion. Since keratin
based scaffolds can support and promote cell proliferation, numerous
studies demonstrated its beneficial properties for wound healing. In
addition to the beneficial properties of keratin, the lipid backbone of
snake shed skin will help making the membrane stronger and provide
structural cues required for clotting cascade initiating.

Our current study is willing to evaluate the possibility of using the
protein-lipid framework of the shed snake epidermis membrane as a
natural wound dresser. The aim of this study is to examine Puff and Cat
Snakes shed skins for in vivo wound healing in rat model. To prove this
hypothesis, snakes shed skins were structurally and morphologically
identified, as well as wound closure, histology and pathology scores

were evaluated.

2. Experimental

Shed snakeskins were collected from the snakes hosted at the
Natural and Medical Sciences Research Center of the University of
Nizwa. Ventral portions isolated from Puff Adder (P) and Cat (C) snakes
shed skin. For further characterization, strips of snakeskin were cut
from the middle region of the scale. For in vivo studies, the shed skins
were washed with deionized water and sterilized using 70% ethanol
solution.

Scanning electron microscope (SEM, Jeol Ltd., Japan) was used to
characterize the surface and cross-section morphologies of the snake
shed skins. The sample was platinum coated with a sputter-coater and
analyzed at different magnifications.

The chemical compositions of snakes shed skin were examined using
Attenuated Total Reflection-Fourier Transform Infrared spectroscopy
(ATR-FTIR) and the spectra were recorded on a Bruker, ATR-Tensor 37
spectrophotometer. The spectra were collected in the range of
4000–500 cm−1.

In order to examine crystallinity of the samples, the X-ray diffrac-
tion (XRD) scan was done using a Bruker D8 Discover instrument was
operated at 40 kV and 40mA with 2θ ranging from 5 to 50 at a scan
speed of 0.02 s−1. in the direction to the snake shed scale surface. The
peak integration and treatment were carried out with the Diffracrt EVA
software package.

The crystallinity index (C.I.), which represents the grade of crys-
tallinity, was calculated using the following equation reported by L.
Segal et.al.;

C.I. =(I10 – I20)/I10×100

Where C.I. is the crystallinity index, I10 is the maximal intensity of the
crystal at around 10, whereas I20 is the minimal intensity at around 20.
It has proven that the higher C.I. value is responsible for more crys-
tallinity of the structure.

In this study, we used the male Wistar rats (Provided by Animal
House, University of Nizwa, Oman) for full-thickness skin wound
model. All animal experiments were approved by the University of
Nizwa Animal Ethics Committee. Rats were individually anesthetized
via intraperitoneal injection of Ketamine (70mg/kg) and Xylazine
(10mg/kg). The dorsal surface of rats was shaved and sterilized with
alcohol and povidone-iodine solutions. A round full thickness wound
excision with a diameter of 1.5 cm was created with a curved blade and
surgical scissors. The depth and the diameter of the wound in all groups
were created to be as similar as possible in all groups. All rats were then
divided randomly into three groups as follow: group 1, positive wound
control (PC) where the wounds wrapped with Solcoseryl ointment:
group 2, wounds were covered with Puff snake shed skin (P) and served
as wound dressing sample; group 3, wounds were covered with Cat
snake shed skin (C) and served as another wound dressing sample.
Additionally, negative control (NC) wound without treatment was
made in each rat. Wound closure was calculated at the specific time
point (t) using the following equation:

Wound closure (%)=(A-Ai)/Ai×100, (1)

where the Ai represents the initial wound area and A is wound area at
time t.

For histopathological evaluation, a group of rats were euthanized
after one week to check the immune response for wound healing, while
the other group euthanized after two weeks to evaluate pathological
criteria for desired healing. From both groups, the wounds surrounding
tissues were separated and the isolated tissues were soaked in 10%
buffered formalin (BF). The fixed samples were immersed in the par-
affin. Using the microtome, several paraffin sections were numerous
paraffin sections were cut by microtome for Haematoxylin-Eosin (H&E)
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and Masson’s trichrome staining.
The histology of the dissected tissues around the wounds has been

evaluated by expert pathologists in a blind manner. The main histologic
criteria such as the amount of acute and chronic inflammatory in-
filtration, the quantity and evolution of granulation tissue, re-epithe-
lialization, hair follicles development, and neovascularization were
evaluated. This scoring system was modified based on Greenhalgh et.al
publication, which assessed each parameter autonomously and give a
score between 0 and 3 (Table 1) [31]. Moreover, the additional scoring
system presented by Abramov et al. was applied to evaluate three
properties of epidermis and five criteria of dermis as described in
Table 2. The higher score represents a more desirable result [14].

Masson’s trichrome staining was used for collagen deposition assay.
In this assay, collagen and nuclei stained blue while the muscle and
keratin stained red. The extension and the morphology of collagen
bundles were assessed in this assay Table 3 [14].

Each physical characterization was done in triplicate while in vivo
studies were done in sextuplicate. Data were represented as the
mean ± SD. One-way analysis of variance ANOVA with Tukey’s post
hoc was applied to compare between the results. All comparison ana-
lyses were performed using Minitab software (Minitab 17). P-values of
less than 0.05 were assumed as statistically significant.

3. Results

3.1. SEM images of surface and cross-section

The snake-shed skin is a valuable source of the epidermis, which is
frequently renewed. The surface morphology of ventral regions of
snakes-shed skin was shown in Fig. 1.1 (P & C). As shown in this figure,
wide-scale areas are connected with narrow hinge regions. Fig. 1.2
represented the multilayered structure of shed skin from P and C snakes
represented by cross SEM images. The cross-section of the P demon-
strated three distinctive layers containing filamentous structure with
large voids, whereas the cross images of C in the TS only shows three
intact layers with compact structures.

3.2. FTIR analysis

FTIR was applied to evaluate the structures of shed skins as shown
in Fig. 2. The characteristic absorption bands related to the amide I, II

and III are observed between 1200 and 1700 /cm. wavelength whereas
lipid bands are seen in the range of 3000–2800 /cm. The spectra of
snakes shed skins obtained from different snakes are mainly similar and
they are mostly composed of keratin and lipid.

3.3. Crystallinity analysis

The crystallinity of the snake-shed skins was examined using X-ray
diffraction. As illustrated in Fig. 3, two major crystal structures were
detected in the XRD pattern of P and C shed skins. According to pre-
vious studies, the first peak around 10 is related to the α-helix structure
of the keratin and the next peak, which is close to the 20 is responsible
for the β-sheet structure of the protein [30,32,33]. Additional diffrac-
tion peaks corresponding to the superficial lipids were seen in the XRD
figure are not significant possibly due to their low amount and non-
crystalline form.

It was clearly seen that in the C sample the first peak around 10 is
significantly weaker than the similar peak in P sample, while the second
peak is vice versa and this peak in the C sample is dramatically stronger
than that of P sample. This fact demonstrated that the C sample has
relatively a lower ratio of α-helix structure and higher amount of β-
sheet in comparison with P sample, that later will be discussed by
crystallinity index (CI) values.

3.4. Evaluation of wound closure

Generally, two weeks’ observation of wounds revealed a remarkable
improvement. The wound healing rate in the animal treated with P shed
skin is significantly higher compared to negative control, Positive
control and the group treated with C shed skin. Fast wound healing
would prevent the invasion of pathogens which may lead to the chronic
wounds. As shown in Fig. 4, Both P and C snake shed skin could dra-
matically accelerate wound closure with the minimum cosmetic scar. As
shown in Fig. 5, P shed could dramatically accelerate wound closure.
About 55.4 ± 5.6% wound area was reduced by this wound dresser
after 7 days while positive control leads to just 18.1 ± 5.2% re-
generation of wound’s area. Moreover, C shed skin is responsible for
39.2 ± 1.8% wound healing after 7 days. After 14 days both snake
shed skins showed a significant decrease in wound area compared to
the positive control.

Table 1
Wound-healing histologic scoring system.

0 1 2 3

Hematoxylin and eosin staining Acute inflammation None Scant Moderate Abundant
Chronic inflammation None Scant Moderate Abundant
Granulation tissue amount None Scant Moderate Abundant
Hair follicles development None Scant Moderate Abundant
Reepithelization None Partial Complete but immature or thin Complete and mature
Neovascularization None Up to five vessels per HPF* 6-10 vessels per HPF More than 10 vessels per HPF

* HPF: High Power Fields.

Table 2
. Pathology scoring system.

0 1 2 3

Hematoxylin and eosin staining epidermis Dermal-epidermal separation Diffuse Focal None –
Hypergranulosis None Focal Diffuse –
Crust formation Present Absent – –

Dermis Edema Severe Moderate Mild None
Fibroblast maturation None Mild Moderate Full
Collagen amount None Scant Moderate Abundant
PMN amount Abundant Moderate Scant None
Depth of inflammation Deep myonecrosis Superficial myonecrosis Lower dermis Upper dermis
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3.5. Histopathological examination

As shown in Figs. 6 & 7 .A, acute inflammation, tissue granulation,
re-epithelization, neovascularization, hair follicle development and
collagen deposition were detected mostly in the Puff shed skin group on
a postoperative day 7. With the histological examination of wounds on
day 7, the P group was significantly better than the C and positive
control. Moreover, P group had the finest normalized pathologic score
at the end of the experiment due to focal hyper granulation, absent of
crust formation, mild fibroblast maturation, scant collagen amount and
superficial myonecrosis (Fig. 6 & 7.B).

Mason’s Trichrome staining was applied to investigate the collagen
deposition in the wound area. As shown in Fig. 8, at day 14 PC group
contained dense wavy collagen fibers and total collagen deposition in
this group was extensively higher in comparison with the C and P
groups. Furthermore, a noticeable difference was detected in the
Masson score of P and C group with their negative controls. As well as
noticeable keratin deposition was seen in the P sample.

4. Discussion

The snake shed skin is a multilayered membrane composed of
bioactive keratin and self-assembles lipids that provide mechanical
support. The FTIR spectrum has indicated the presence of both lipid and
protein in the structure of the snake shed skin. Based on the X-ray
diffraction results, keratin protein has been presented in two forms of α-
helix and β-sheet. The relative amount of crystallinity between the
snakes' skin was compared by CI calculation. CI amounts of the C and P
samples were obtained at 28.57 and 42.85, respectively. By this way, P
snake shed skin has higher crystallinity compared to the C skin, which
suggests that the P sample can absorb water faster than C sample which
is beneficial for wound healing application. Moreover, it was concluded
that the P sample is mechanically stronger and stable, whereas the

lower crystallinity of the C sample is responsible for a higher de-
gradation rate of the shed skin [34].

To the best of our knowledge, there is no report on the application
of snakes shed skin on wound healing. The in vivo experiment of this
study has presented snake-shed skin as a novel wound dressing material
to accelerate wound healing. In comparison with the positive wound
control wrapped with the Solcoseryl ointment that is commonly used as
clinical treatments of wounds, P-shed skin proved more effective in
wound closure (55.4 ± 5.6%) after one week which is remarkable
compared to the wound closure of positive control (18.1 ± 5.2%). Park
et al. have reported similar wound closures by using keratin-based
hydrogels [21].

Acute wounds which have timely mannered healing are sig-
nificantly regenerated by several growth factors and cytokines released
at the wound site. Even though the appropriate final healing of acute
wound would be the skin regeneration with a biomimetic structure and
functions, any cues that accelerate controlled release of growth factor
would improve tissue repair in the inflammatory phase [7].

Higher initial acute inflammation in the P sample is responsible for
the faster release of growth factors and cytokine, which can accelerate
the wound healing process. This acute inflammatory response of the
body may retain within 2 weeks in some cases. Besides platelets ad-
hesion, aggregation, and release of coagulation mediators, platelets are
playing a vital role in facilitating the healing process via the release of
chemoattractant and growth factors. In addition, the clot itself can
merge as an extracellular matrix for the recruitment of cells. In the
result of these beneficial factors, neutrophils and macrophages, pene-
trate inside the wound to remove tissue debris and foreign particles.
Whenever activated, macrophages release specific growth factors and
cytokines and hence granulation tissue formation is started leading to
neovascularization, angiogenesis, and fibroblasts accumulation.
Moreover, the early inflammatory phase provides a suitable platform to
create a permeable barrier for re-epithelialization and providing

Table 3
Masson’s trichrome scoring system.

Masson’s trichrome staining 0 1 2 3

Extension Scant Moderate Abundant –
Morphology Mostly amorphous Mostly thin wavy Mostly thick wavy –

Fig. 1. Surface morphology of ventral regions of snakes-shed skin (P1 & C1) and scanning electron microscope cross morphology of the ventral regions of P and the C
snake shed skin (P2 & C2).
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adequate blood supply essential for angiogenesis, as well as reinforce-
ment of the injured dermal tissue required in fibroplasia that is mostly
seen in the P-treated wounds. Higher hair follicles development ob-
served in the P group is beneficial because the hair follicles as a re-
servoir for keratinocytes in wound healing, can be considered as a
major source of epithermal stem cells which play an important role in
skin regeneration [3,7].

P treated rats represented higher normalized pathological score in
comparison with positive wound control. Mason’s Trichrome staining
after 14 days demonstrated that Puff and Cat shed-snake skins revealed
enhanced wavy collagen formation in comparison with their negative
controls, whereas there is no significant difference between them. All of

these showed the priority of the P group over the C and positive control.
Higher crystallinity of P compared to the C group is responsible for
faster water absorption that may also help to accelerate and improve
wound healing. Although Solcoseryl Ointment as the positive control is
widely applied for clinical wound healing and skin grafting, P snake
shed skin provides better biomimetic ECM-like structure with superior
environment for cells migration and proliferation resulted in better
wound dressing [35,36].

Several natural based biomaterials such as collagen, alginate, chit-
osan, gelatin, silk, and cellulose derivatives have been broadly applied
for wound healing application [6,37–44]. The natural assembled ker-
atin based snakes shed skin can act as a potential platform for chronic

Fig. 2. ATR-FTIR spectrum of the P and the C snake shed skin.

Fig. 3. XRD pattern of the P and the C snake shed skin.
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wound healing. The most outstanding success of this research was the
acceleration of wound healing by P snakes shed skin as a natural ECM
that include keratin protein. Moreover, histological normalized scores
of the one week treated wounds in the criteria such as acute in-
flammation, granulation tissue amount, re-epithelization, neovascular-
ization and hair follicles development were improved remarkably in the
P sample compared to other groups. Pathology evaluation of wounds
after two weeks revealed focal hyper granulation, no crust formation,
mild fibroblast maturation, scant collagen amount and superficial
myonecrosis in the P sample which lead to higher relative pathology
score in comparison with positive and C group. Albeit the production of
new collagen is not higher than the positive group, the amount of wavy
collagen deposited in the P group was greater than the negative control.
Wound healing process may also benefit from the capability of the
keratin-based membrane as a hemostatic agent to stop bleeding in the
opened wounds. Ongoing works will focus on purification and mod-
ification of keratin hydrogel derived from snakes shed skin for wound
dressing applications.

Fig. 4. Morphological evaluation of wounds healing during 14 days: P: Wound treated with Puff shed skin, C: Wound treated with Cat shed skin, PC: Positive control,
NC: Negative wound control created in the same treated rat. In I, III and V the treated wounds are located in upper position while in II, IV and VI in downer position.

Fig. 5. Wound closure percentage during 14 days.
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Fig. 6. Histological evaluation of wounds healing during 7 and 14 days.

Fig. 7. Histopathological examination of wounds based on Greenhalgh (A) and Abramov (B) scoring systems. * indicates significant difference in comparison with all
other groups. # indicates significant difference in comparison with positive control.
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5. Conclusion

The possibility of using biocompatible keratin-based shed skins
collected from two different Omani snakes was examined as a wound
dressing material in this study. Wound closure assessment of the ne-
gative and positive control as well as C and P treated wounds clearly
demonstrated that the wounds treated with P shed skin healed faster.
These outcomes demonstrated that P snake shed skin might heal acute
wounds either directly or indirectly via the release of inflammatory
cytokines, granulation tissue formation resulted in reepithelization,
neovascularization, and fibroblast expansion. In addition, the re-
modeling phase of wound healing was improved via collagen forma-
tion. Further studies warranted for evaluating the shed skin of different
snake types to optimize the wound healing efficiency.
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