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Recycling biological aquatic environment waste products is considered a source of
biomaterials and a challenge in biomedicine. This study aims to investigate the functional
group of collagens extracted from fish skin and to evaluate its activity in accelerating wound
healing based on a statistical descriptive histogram of the mean wound area, contraction,
and healing rate, along with a semi-qualitative gross assessment. This includes histological
evaluations of both healing criteria (inflammatory cells, collagen deposition, maturation of
granulation tissue, angiogenesis, and re-epithelization) and the expression of protein genes
related to collagen 1ll, vascular endothelial growth factor, and keratin-14. Collagen was
chemically extracted from carp fish skin and applied three times daily to induce wounds in
the paralumbar region of rabbits. The extracted collagen was characterized by low viscosity,
transparency, and a watery consistency; the functional groups of collagens were detected
using Fourier Transform Infrared Spectroscopy. Semi-qualitative analysis revealed
improved gross inflammatory features, a statistically significant reduction in wound area,
and a high contraction rate in the treated group. The descriptive histogram indicated a highly
significant healing rate of 0.59 in the treated group. The healing criteria showed mild
infiltration of inflammatory cells and maturation of granulation tissue. Histochemical
analysis demonstrated thick, parallel collagen bundles over seven days in the Colll-treated
group, with these pathophysiological events combined with intense immunohistochemistry
staining of collagen Il1, vascular endothelial growth factors, and keratin-14 expression at
the wound biopsy. This study concludes that collagen extracted from carp skin can be an
innovative therapeutic substance in regenerative medicine, accelerating wound healing.
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Introduction

migration of neutrophils from blood circulation to the injury
site occurs under the influence of chemical mediators, which

The skin is the body's largest organ and the most
vulnerable to damage, which leads to disruption and loss of
its integrity, along with tissue breakdown resulting from
acute or chronic wounds (1). Wound healing and tissue repair
comprise complex physiological dynamic phases. The first
phase, called hemostasis, is characterized by platelet
activation and the release of growth factors, such as
Transforming Growth Factors (TGFs), Vascular Endothelial
Growth Factors (VEGF), and Fibroblast Growth Factors
(FGFs). Secondly, the formation of the fibrin clot and the
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are key features of inflammation, the second phase. The
proliferative phase, the third stage of wound healing,
involves monocytes, with macrophages and lymphocytes
playing important roles in secreting cytokines and
interleukin-2, which recruit and aggregate fibroblasts (2,3).
The fourth phase is represented by re-epithelialization,
occurring through the proliferation and migration of
keratinocytes and the release of several growth factors, such
as EGF and TGFa. Additionally, angiogenic factors like
Platelet-Derived Growth Factor (PDGF) and VEGF play a
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role in angiogenesis, activated by the migration of
endothelial cells and the formation of new blood vessels. A
reduced number of inflammatory cells and increased
collagen deposition are key features of the remodeling phase
(4). Regenerative medicine has the potential to support
specific goal-directed biomaterial therapies in both acute and
chronic wound healing, playing a vital role as cell growth
stimulators and in regenerative tissue repair, thereby
accelerating wound healing (5). Although natural plants play
an essential role in fish health performance (6), they may also
represent a source of biomaterials, such as gel extracted from
Aloe vera (7). Biomaterials originating from animal sources
include platelet-rich fibrin, stem cells, and avian eggshells
(8-10). Raffea and Allawi (11) reported the beneficial use of
peritoneum in treating anastomosis in dogs. Another
advanced biological approach for accelerating wound
healing in rabbits involves the skin of carp fish (12). The skin
of Oreochromis niloticus has been used to treat metacarpal
wounds in (13) donkeys. Collagen is considered a novel,
advanced base biomaterial for wound dressings due to it
unique mechanical and physical properties, including high
biodegradability and biocompatibility, low immunogenicity,
non-toxicity, and a wide safety margin. It also reduces
inflammation and serves as an effective stimulant for the
secretion of growth factors, promoting cellular proliferation
and adhesion (14-16). Collagen makes up 30% of animal
body proteins, and there are 27 types of collagens. The first
type is fibrous collagen, a component of connective tissues
such as teeth and bones (17,18). Collagen is extracted from
the skin of mammals, including bovine and porcine, but this
can lead to certain diseases' transmission, posing a public
health risk (19). Therefore, many studies have focused on
finding alternative sources of natural collagen. Gaikwad and
Kim (20) and Srikanya et al. (21) reported that the fish
industry uses 25% of its products for human consumption. In
comparison, 75% is considered waste by-products, including
skin, bones, scales, viscera, and heads. Of this discarded fish
processing, 30% can be utilized as a source of collagen (22).
Collagen is extracted from various aquatic animals, such as
sharks (blacktip and bamboo), and from the skin of P
hypophthalmus, Gadus morhua, and tilapia (23-26).
Immunohistochemistry is a vital and significant technique in
the pathophysiological dynamics of wound healing due to its
ability to visualize in situ target tissue components involved
in the different stages of wound healing through the use of
antibodies labeled with specific markers that can be detected
using various microscopy techniques (27).

Although common carp (Cyprinus carpio) is the most
farmed fish in Iraq, the industry surrounding this species still
lacks systematic and advanced processes for recycling its by-
products, particularly collagen extraction. Therefore, this
study focused on the extraction and examination of the
functional groups of collagens from the skin of common
carp, as well as evaluating the effective role of the extracted
collagen in wound treatment through dermatological
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mathematical methods, histological and histochemical
analysis, and the assessment of collagen as a stimulator of
growth factors using immunohistochemistry reactivity
quantification.

Materials and methods

Ethical approval

The experiment was carried out on study animals with the
approval of the Research Ethics Committee at the College of
Veterinary Medicine, University of Mosul,
UM.VET.2024.026.

Fish samples

Live and visually healthy carp fish Cyprinus carpio (28-
30), weighing 2.5kg and measuring 40cm in length, were
transported in ice bags from local markets to the Poultry and
Fish Diseases Laboratory at the College of Veterinary
Medicine, University of Mosul. A concentration of 150 mg/L
was used for general anesthesia in the fish.

Skin preparation

Scales were removed from the fish's skin, starting from
the dorsal shoulder region and the ventral side and moving
toward the caudal region. A surgical blade was used to
remove the skin from the top to the bottom from the pectoral
to the lateral line of the body. It was then cut into small pieces
0f 0.5*0.5 cm? in size and washed with distilled water; they
were placed in polyethylene bags and stored at freezing
temperature -18+2°C (31).

Collagen extraction from fish skin

According to Nagai et al. (32), several steps involved in
pre-collagen extraction include extracting proteins other than
collagen by soaking pieces of skin in a 0.1M sodium
hydroxide solution (NaOH) for 24 hours at a ratio of 1:30
(w/v). According to Hukmi and Sarbon (33), non-
collagenous material was removed by washing the skin
pieces with cold distilled water until reaching a neutral pH
of 7. This step is followed by defatting the skins with 10%
butanol alcohol for 24 hours while continuously stirring;
during this time, the butanol solution is replaced every 8
hours. After that, the skins are washed with cold distilled
water (34), followed by collagen extraction using 0.5 M
acetic acid at a ratio of 1:10 (w/v) with continuous stirring
for 24 hours, then subjected to cold temperature
centrifugation (4°C at 10,000 x g for 30 minutes). The
residues are redissolved with 0.5 M acetic acid for 12 hours,
followed by re-centrifugation. The two supernatants are
mixed, salted, and precipitated with 2.6 M NaCl in 0.05 M
Tris-HCl at pH 7.5. The subsequent precipitates are
redissolved in 0.1 M acetic acid and then dialyzed with a
cutoff of 14 kDa against distilled water. The resultant gelatin
is kept in a plastic tube and preserved in the refrigerator.
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Study design

White healthy male rabbits (New Zealand), aged 25-30
weeks with a mean weight of 2.500 kg, were used for this
experiment. A total of ten rabbits were caged into two groups
and maintained under air environmental conditions, with ad
libitum access to water and standard pellet ration, along with
equal hours of dark/light cycles.

Pre-operative and surgical incision wound

Xylazine and Ketamine hydrochloride were administered
intramuscularly at a dose of 5 and 50 mg/kg body weight,
respectively, for general anesthesia. After the para lumbar
region was clipped and cleaned, it was disinfected with 10%
povidone-iodine. A complete layer of skin measuring 2*2cm
was surgically excised, leaving an opening. The first group
remained untreated, while the second group (Colll treated
group) was treated with the application of collagen gel on the
experimental wound three times daily.

Semi-qualitative gross assessment

Semi-qualitative wound healing activity has been
reported daily for an extended period after injury, depending
on key inflammatory factors (redness, edematous swelling,
formation of a white layer (fibrin deposition), thickening of
the wound edges (re-epithelialization), and closure of the
wound edges).

Semi-quantitative mathematical assessment

Al-Anaaz et al. (12) and Ravishankar ef al. (35) explain
the formula for calculating wound healing activity as
follows: Wound Area (WA)%= (WAX/WA%)*100. Wound
Contraction (WC)%= ([WA**100]/WA?)-100. Quantitative
measure the wound healing rate, derived from the equation
(36), as Healing rate = (WA’-WA*)/number of days.

Histopathological assessment

Based on daily follow-up and qualitative macroscopic
evaluations of the wound, biopsies were taken from the
wound areas (0.5-1 cm) of experimental animals at different
time points after injury to evaluate the chain of pathological
events related to wound healing. Biopsies were fixed in 10%
formalin for routine tissue processing, stained with
hematoxylin and eosin, and special staining (Mason
Trichrome). Collagen deposition was assessed according to
Santos et al. (37), as shown in table 1.

Table 1: Score analysis of the collagen catalog in progressive
wound healing

Collagen catalog Score
Orientation 4/ horizontal, 2/mixed, 1/vertical
Pattern 4/fascicle, 2/ mixed, 1/reticular

4/absent, 3/minimal, 2/ modest,
1/intense
4/ minimal, 2/modest, 1/intense

Amount of early collagen

Quantity of mature collagen
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Immunohistochemical analysis

Collagen III (Colll), VEGF, and keratinocyte -14 were
evaluated in the wound biopsy. Following dewaxing, the
sample was rehydrated and washed with distilled water, then
incubated overnight with primary antibodies, specifically a
mouse monoclonal antibody at 4 °C. After washing the
samples three times, they were incubated with goat anti-
rabbit IgG for one hour, followed by incubation with
streptavidin-biotin—horseradish peroxidase for another hour.
The samples were washed three times, and 3,3'-
diaminobenzidine (DAB) combined with hydrogen peroxide
was used to visualize the reaction. Finally, the sections were
counterstained with Mayer's hematoxylin (38,39).

Statistical analysis

The two-way ANOVA was used to compare the data of
both study groups at different times, with significance set at
P<0.05. The analysis was completed using the SPSS program
(40).
Results
Physical characterization and functional chemical
groups of extracted collagens

Collagen extracted from the skin of common carp
(Cyprinus carpio) fish has a translucent white color and a
consistency ranging from watery to low viscosity (Figure
1A). The FTIR analysis of carp collagen extraction revealed
numerous peaks in the FTIR chart. The band at 3304 cm™ is
attributed to N-H amine from aliphatic primary aminesln
comparison, the band at 3079 cm™* represents C-H aromatic
(olfinic) groups. Additionally, peptide C-H is represented at
the band 2923 cm™, and the bands at 17433 cm™ and 1452-
1635 cm™ correspond to carbonyl amide and C=C aromatic,
respectively (Figure 1B).
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Figure 1: Image of collagen extraction from carp skin (A)
and FTIR analysis of carp skin (B).

Semi-qualitative assessment

Through daily monitoring of the inflammatory signs in
the wound area, redness, swelling, and congestion were
observed in the untreated group of rabbits on the second and
third days following the operation, in contrast to the group
treated with fish skin collagen extract, which showed faster



Iragi Journal of Veterinary Sciences, Vol. 39, No. 2, 2025 (279-287)

convergence of the wound edges and smaller size of the treated group. There was a clear difference using the collagen
wound by the seventh day post-operative (PO) as shown in biomaterial in the deposition of the fibrin layer and the
figure 2. formation of scars on the second and third days, rated at

The semi-qualitative assessment (score-grade) results of degree (+++), with re-epithelialization and thickening of the
wound area and healing features indicate that collagen wound edges on the fifth day, which occupied score
extracted from carp skin plays a vital role in reducing the (+++)and severe grade to a level that led to accelerated
criteria for inflammatory reaction and improving the healing wound closure on the seventh day. The same pathological
process. Redness and edema were observed at moderate and events were recorded visually in the untreated group but over
mild grades on days three and two in the untreated group, in longer periods, as clarified in table 2.

contrast to mild grades on one day for both features in the

Table 2: Semi-qualitative assessment catalog of grossly inflammatory criteria of experimental surgical wound

Experimental Inflammation criteria days POst operative (PO)

groups Redness Swelling  Layer formation Scare Wound edges thickining Wound closer
Untreated ++3day  +++2day ++ 3 day +++ 7 day ++ 9 day +++ 14 day
CollI -treated + 1 day + 1 day +++ 2 day +++ 3 day +++ 5 day +++ 9 days

+++ sever, ++moderate, + mild

the eighth to tenth days PO, reaching 91.67, 99, and 100%,
respectively. In contrast, the untreated group saw wound
contraction of 62.10, 72.43, and 75.73% (Figure 3A). The
descriptive analysis of the wound healing rate and other
mathematical and semi-quantitative methods revealed
significant variation in both groups of the recent study. The
healing rate is highly significant in the Colll-treated group
compared to the untreated group, with values of 0.59 and
0.34, respectively (Figure 3B).

Untreated group Coll- treated group
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Figure 2: Photograph of the surgical incision wound in the

para-lumbar region of male rabbits illustrates the differences Untreated group
0.34+0.030

in wound healing between the untreated and Colll-treated
groups at 3 and 7 days.

Semi-quantities assessment

The statistical analysis of the wound area revealed a m“; - .
reduction in both groups. Still, it was significantly greater in T
the Colll-treated group at all time PO, except on the fourth B
and fifth days when there wasn't a significant difference
between the two groups. The wound area was reduced to 0.37
and 0.23% in the treated group, in contrast to the untreated Figure 3: Descriptive histogram of percentage wound area
group, where the wound area remained high at 27.57 and and contraction (Area and Shrinkage-1 refers to the untreated
24.27% on the ninth- and tenth-days PO. Furthermore, the group, while Area and Shrinkage-2 denotes the Colll-treated
daily treatment group with collagen extracted from the skin group) (A), and wound healing rate (B) in untreated and
of carp fish led to highly significant contraction, mainly from Colll-treated groups of rabbits.
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Histological analysis

Histological analysis of the biopsies taken from the
wound area of both groups (untreated and treated with
collagen) showed a series of pathophysiological events that
play a role in the healing process. This was characterized by
severe to moderate infiltration of inflammatory cells that
continued for three days post-operatively in both the
untreated and collagen-treated groups, respectively. Other
lesions noted in the histological sections of the wound area
in the untreated rabbits included deposition of thin thread
collagen, a limited number of new blood vessels, mild
proliferation of fibroblasts, and persistence of necrotic tissue
(Figure 4-1). In contrast, the histological examination of the
wound area in the Colll-treated rabbits revealed thick
collagen bundles, many newly formed capillaries, and severe
proliferation of fibroblasts (Figure 4-2). The untreated group
exhibited collagen deposition in a reticular pattern and
moderate scores for the other two lesions (infiltration of cells
and new capillary formation) (Figure 4-3). When collagen
extracted from fish skin was applied to the wound area for
five days post-operatively, microscopic examination showed
improvements in the speed of wound healing, evidenced by
maturation of granulation tissue as indicated by collagen
deposition parallel to the wound, mild infiltration of
mononuclear inflammatory cells, and intense formation of
new capillaries (Figure 4-4).

Figure 4: Histological image of the wound area in rabbits,
both untreated and treated with collagen extracted from carp
skin for three days post-operation (PO) shown in (1 and 2) at
400X magnification, while (3-400) reveals reticular collagen
deposition and moderate infiltration of inflammatory cells.
The (4-100X) image illustrates the maturation of granulation
tissue in the Colll-treated group on the fifth day PO. ND =
necrotic dead tissue, IC = inflammatory cells, F = fibroblast,
NC = newly formed capillary, TIC= thin collagen, THC =
thick collagen, RC= reticular collagen. H&E.
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Re-epithelialization is histologically characterized by
hyperplasia of both the epithelial cells lining the dermis layer
and the keratinocytes, which leads to a decrease in the
distance of the wound area and a partial closure of the wound
at nine- and seven days post-operative in the untreated and
treated groups, respectively (Figure 5).

Figure 5: Histological image of the wound area of untreated
(1) and treated (2) rabbits with collagen extracted from carp
skin after nine- and seven-day PO, respectively. IC =
infiltration of inflammatory cells, NC = newly formed
capillaries, KC = keratinocytes, H&E, 100X.

Histochemical assessment of the wound area revealed
criteria for healing in both study groups. Still, there was
variability in the duration of time PO. The collagen
orientation was scored as 2/mixed and l/reticular in the
untreated and treated groups, respectively, with minimal and
modest amounts of collagen deposition in the untreated and
treated groups at three days PO (Figure 6-1). On the fifth day
post-operation, the microscopic examination determined a
large amount of elastic fiber deposition with a score of
4/fascicle and horizontal, alongside an intense quantity of
mature collagen in the Colll-treated group (Figure 6-2). By
the seventh day in the untreated group, this collagen
appeared as a mature thick bundle, parallel to the wound area
pattern at scores of nine and seven days in both groups,
respectively (Figure 6-3). Complete wound healing was
observed with the growth of primary hair follicles at ten and
fourteen days in both Colll-treated and untreated groups
(Figure 6-4).

Immunohistochemical (IHC) analysis

Collagen is one of the key factors in wound healing and
provides a matrix for regenerative and healing processes.
The IHC detected collagen-III as reticular fibers with
moderate to strong immunohistochemical staining in the
tissue of the scar in the untreated and treated groups,
respectively, at seven days post-operative (Figures 7 A and
B). Furthermore, recent studies show that the results of the
untreated group revealed moderate expression of VEGF at
seven days post-wound, while the IHC of the wound area in
the Colll-treated group showed intense immunoreactivity for
VEGF expression in the endothelial cells of newly formed
capillaries and granulation tissue (Figures 7 C and D).
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Keratin-14 expression in this study was dependent on the
efficacy of re-epithelization activity. Epidermal regeneration
was assessed in the wound area of the treated group on day
seven, evidenced by strong intensity in the

immunohistochemistry staining of Keratin-14. IHC analysis
also revealed mild positive expression in the untreated group
(Figures 7 E and F).

Figure 6: Histological image of the wound area of an
untreated rabbit for three days (1), Colll-treated rabbit for
five days post-operation (PO) (2), (3) for seven days PO at
400X, and (4) for ten days PO at 100X, Masson Trichrome
100X. HF = hair follicles, CF = collagen fibers, E =
epidermis layer, KC = keratinocyte centers.

Figure 7: Grade analysis of immunohistochemical staining
results of biopsies taken 7 days post-wounding in both
untreated and treated groups: moderate to intense staining of
Colll (A and B) and VEGF (C and D) expression,
respectively (E), mild keratinocyte -14 expression in the
untreated group and intense expression in the treated group
(F), 400X.
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Discussion

Biological aquatic waste, including fish, is a rich source
of fish oil, enzymes, and collagen and a source of biofuel and
renewable energy (41,42). Collagen is the main protein in
fish skin components, so it is extracted from carp skin. This
finding aligns with the results of (43), which reported that
carp fish waste represents the primary and easily accessible
source of collagen. The waste was shown to contain
functional chemical groups identified by the infrared system,
and these results were consistent with studies (44,45). The
semi-quantitative results of a recent study revealed the
improved effects of collagen dressings in reducing
inflammation and significant results related to wound area
and contraction, with healing rates of 0.59% and 0.34% in
the treated and control groups, respectively. This indicates
that collagen from carp skin is a promising bioactive material
for accelerating and enhancing wound healing. This finding
agrees with the results of AYAD et al. (46), who reported that
collagen extracted from carp skin serves as an advanced
dressing for tissue injury, demonstrating bioactivity and
significant effects on wound healing and regeneration (47).
Histological examination revealed well-defined wound
healing and regeneration tissue in the treated group over a
short post-operative period, characterized by moderate
infiltration of inflammatory cells and granulation tissue
formation with angiogenesis occurring between three to five
days, along with re-epithelization by the ninth day. AYAD et
al. (46) investigated the effects of collagen extraction from
carp skin on wound healing in rabbits over 7 to 21 days. The
natural compound and bio-dressing properties of collagen
can modulate pro-inflammatory macrophages (M1) to anti-
inflammatory macrophages (M2), promote angiogenesis,
and reduce the duration of the inflammatory phase (48).

Additionally, collagen supports a moist environment, an
important factor in healing injured tissue due to its unique
three-dimensional structure that increases liquid absorption.
Collagen is also the main protein in the extracellular matrix.
Its porosity supports flexibility in cell proliferation,
migration, and adhesion (49), evidenced by the proliferation
of fibroblasts responsible for collagen production, clearly
defined as thick bundle deposition by day nine, detected
using Masson Trichrome.

Immunohistochemical analysis of wound area sections
revealed positive effects of exogenous collagen gel on
collagen deposition, vascular endothelial growth factor, and
keratinocyte expression. Recent studies show that the intense
staining of collagen III in the collagen-treated group suggests
that exogenous collagen promotes and accelerates the
synthesis and maturation of collagen, increases wound
strength, and decreases scar tissue formation (50), Zhuo et
al. (51) and Ge et al., (52). have reported that extracting
collagen from fish improves collagen formation at the wound
site. Additionally, VEGF was involved in the wound biopsy
sections from the immunohistochemically stained Colll-
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treated group, in contrast to the untreated group. This
indicates that collagen -improved angiogenesis and provided
a neovascularization bed to supply oxygen and nutrients for
healing and tissue regeneration. These results agree with
previous findings by Elbialy et al. (53), who reported that
collagen extraction from Nile Tilapia accelerated wound
closure and upregulated VEGF expression. The proliferation
and migration of keratinocytes (54), called epithelialization,
represent the third phase of wound healing and play a crucial
role in epidermal regeneration and wound closure. Thus, re-
epithelialization was investigated in a recent study through
the intense positive keratinocyte immunohistochemistry
analysis. This result aligns with earlier reports that
exogenous collagen extraction from aquatic fish vitalizes
collagen production, triggers the extracellular matrix (ECM),
and upregulates the proliferation, migration, and growth of
fibroblasts and keratinocytes, which are essential in wound
healing (47,55).

Conclusion

Skin carp collagen extraction is a typical biomaterial in
regenerative medicine; it can positively accelerate the repair
and regeneration of skin wounds, particularly related to
functional groups' activity and its ability to maintain the
humidity of the surgical wound area. Additionally, it
improves wound healing by increasing collagen deposition
and accelerating granulation tissue maturation without scar
formation while enhancing re-epithelization through the
upregulation of both VEGF and keratinocyte gene
expression. Thus, this preliminary research evaluates the
activity of collagen extracted from carp fish skin in wound
healing through traditional histological methods and
immunohistochemistry (IHC), using descriptive charts and
both semi-quantitative and semi-qualitative analyses of the
wound site. However, further details about the molecular
aspects of remarkable wound healing must be elucidated in
future studies.

Acknowledgments

I express my wishes and thanks to the College of
Veterinary Medicine, University of Mosul.

Conflict of interest
The author has no conflicts of interest.

Reference

1. Kolimi P, Narala S, Nyavanandi D, Youssef AA, Dudhipala N.
Innovative Treatment Strategies to Accelerate Wound Healing:
Trajectory and Recent Advancements. Cells. 2022;11(15). DOL
10.3390/cells11152439

2. Wilkinson HN, Hardman MJ. Wound healing: Cellular mechanisms and
pathological outcomes. Open Biol. 2020;10(9):200223. DOI:
10.1098/rs0b.200223

285

10.

11.

12.

13.

14.

15.

16.

20.

Lee YS, Wysocki A, Warburton D, Tuan TL. Wound healing in
development. Birth Defects Res C Embryo Today. 2012;96(3):213-222.
DOLI: 10.1002/bdrc.21017

Rodrigues M, Kosaric N, Bonham CA, Gurtner GC. Wound Healing: A
Cellular  Perspective. Physiol Rev. 2019;99:665-706. DOIL:
10.1152/physrev.00067.2017

Pang C, Ibrahim A, Bulstrode NW, Ferretti P. An overview of the
therapeutic potential of regenerative medicine in cutaneous wound
healing. Int Wound J. 2017;14(3):450-459. DOI: 10.1111/iwj.12735
Mizory F, Al-Tace NT. Evaluation the growth performance and feed
utilization of Cyprinus carpio fed on moringa oleifera leaves floating
on water as supplemented diet. Mesopotamia J Agric. 2023;51(1):66-
78. DOI: 10.33899/magrj.2023.137303.1210

Zedan IA, Alkattan LM, Aliraqi OM. An evaluation of Aloe vera leaves
gel with polypropylene mesh to repair of ventrolateral abdominal hernia
in rams. Iraqi J Vet Sci. 2022;36(1):19-25. DOLI:
10.33899/ijvs.2022.134989.2430

Naser A, Hamed RS, Taqa GA. The impact of silver/beta-tricalcium
phosphate nanocomPOsite combined with injectable platelet-rich fibrin
on the healing of mandibular bone defects: An experimental study in
Dogs. Iraqi J Vet Sci. 2024;38(3):501-507. DOL:
10.33899/ijvs.2024.145856.3400

Al-Haideri DH, Al-Timmemi HA. Efficacy of chitosan nanoparticles
and mesenchymal stem cells in rabbit models for sciatic nerve
regeneration. Iraqi  J Vet  Sci.  2024;38(2):369-377. DOL
10.33899/ijvs.2023.142572.3186

Atiyah AG, Alkattan LM, Shareef AM. The radiological study of using
fabricated calcium hydroxide from quail eggshell and plasma-rich
fibrin for reconstitution of a mandibular bone gap in dogs. Iraqi J Vet
Sci. 2024;38(1):55-62. DOI: 10.33899/ijvs.2023.139898.2998

Raffea NM, Allawi AH. Effect of autologous peritoneum and platelet-
rich fibrin graft on healing of intestinal anastomosis in dogs. Iraqi J Vet
Sci. 2022;36(2):459-470. DOI: 10.33899/ijvs.2021.130529.1840
AL-Anaaz MT, Helal MM, Azawiand NA, AL-Taece SK. Study the
effect of innovative advance method for accelerating wound healing in
male rabbit model. Vet Pract 2022;23(1):219-224. [available at
Ibrahim A, Soliman M, Kotb S, Ali MM. Evaluation of fish skin as a
biological dressing for metacarpal wounds in donkeys. BMC Vet Res.
2020;16(1):472. DOL: 10.1186/s12917-020-02693-w

Jeevithan E, Shakila RJ, Varatharajakumar A, Jeyasekaran G, Sukumar
D. Physico-functional and mechanical properties of chitosan and
calcium salts incorporated fish gelatin scaffolds. Int J Biol Macromol.
2013;60:262-267. [available at

Jeevithan E, Jingyi Z, Bao B, Shujun W, JeyaShakila R, Wu WH.
Biocompatibility assessment of type-II collagen and its polypeptide for
tissue engineering: Effect of collagen's molecular weight and
glycoprotein content on tumor necrosis factor (fas/apo-1) receptor
activation in human acute t-lymphocyte leukemia cell line. RSC Adv.
2016;6(17):14236-14246. DOI:10.1039/c5ra24979%a

Elango J, Lee JW, Wang S, Henrotin Y, de Val J, Regenstein JM, Lim
SY, Bao B, Wu W. Evaluation of differentiated bone cells proliferation
by blue shark skin collagen via biochemical for bone tissue engineering.
Mar Drugs. 2018;16:350. [available at

. Zhang M, Chen Y, Li G. and Du Z. Rheological properties of fish skin

collagen solution: Effects of temperature and concentration. Korea Aust
Rheol J. 2010;22(2):119-127. [available at

. Guillén MG, Giménez B, Caballero ML, Montero MP. Functional and

bioactive properties of collagen and gelatin from alternative sources: A
Review. Food Hydrocoll. 2011;25(8):1813  -1827. DOI:
10.1016/j.foodhyd.2011.02.007

. Afifah A, Suparno O, Haditjaroko L, Tarman K. Utilisation of fish skin

waste as a collagen wound dressing on burn injuries: A mini review.
IOP Conf Ser. 2019;335(012031):1-9. DOI: 10.1088/1755-
1315/335/1/012031

Gaikwad S, Kim MJ. Fish By-Product Collagen Extraction Using
Different Methods and Their Application. Mar Drugs. 2024;22(2):60.
DOI: 10.3390/md22020060


https://dx.doi.org/10.3390/cells11152439
https://dx.doi.org/10.1098/rsob.200223
https://dx.doi.org/10.1002/bdrc.21017
https://dx.doi.org/10.1152/physrev.00067.2017
https://dx.doi.org/10.1111/iwj.12735
https://doi.org/10.33899/magrj.2023.137303.1210
https://dx.doi.org/10.33899/ijvs.2022.134989.2430
https://dx.doi.org/10.33899/ijvs.2024.145856.3400
https://dx.doi.org/10.33899/ijvs.2023.142572.3186
https://dx.doi.org/10.33899/ijvs.2023.139898.2998
https://dx.doi.org/10.33899/ijvs.2021.130529.1840
https://www.researchgate.net/profile/Shahbaa-Khalil-2/publication/362703020_Study_the_Effect_of_Innovative_Advance_Method_for_Accelerating_Wound_Healing_in_Male_Rabbit_Model/links/63e72492c002331f726d782d/Study-the-Effect-of-Innovative-Advance-Method-for-Accelerating-Wound-Healing-in-Male-Rabbit-Model.pdf
https://dx.doi.org/10.1186/s12917-020-02693-w
https://www.sciencedirect.com/science/article/pii/S0141813013003401
http://dx.doi.org/10.1039/c5ra24979a
https://www.mdpi.com/1660-3397/16/10/350
https://link.springer.com/journal/13367
https://dx.doi.org/10.1016/j.foodhyd.2011.02.007
https://dx.doi.org/10.1088/1755-1315/335/1/012031
https://dx.doi.org/10.1088/1755-1315/335/1/012031
https://doi.org/10.3390/md22020060

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Iragi Journal of Veterinary Sciences, Vol. 39, No. 2, 2025 (279-287)

Karayannakidis PD, Zotos A. Fish processing by-products as a potential
source of gelatin: A review. J Aquat Food Prod Technol. 2016;25:65—
92. DOIL: 10.1080/10498850.2013.827767

Srikanya A, Dhanapal K, Sravani K, Madhavi K, Kumar GP. A study
on optimization of fish protein hydrolysate preparation by enzymatic
hydrolysis from tilapia fish waste mince. Int J Curr Microbiol Appl Sci.
2017;6:3220-3229. DOI: 10.20546/ijcmas.2017.612.375
Kittiphattanabawon P, Benjakul S, Visessanguan W, Shahidi F. Isolation
and characterization of collagen from the cartilages of brownbanded
bamboo shark (Chiloscyllium punctatum) and blacktip shark
(Carcharhinus limbatus). LWT-Food Sci Technol. 2009;43(5):792-800.
available at

Singh O, Benjakul S, Magsood S, Kishimura H. Isolation and
characterization of collagen extracted from the skin of striped catfish
(Pangasianodon hypophthalamus). J Food Chem. 2011;124(1):97-105.
DOI: 10.1016/j.foodchem.2010.05.111

Skierka E, Sadowska M. The influence of different acids and pepsin on
the extractability of collagen from the skin of Baltic cod (Gadus
morhua). Food Chem. 2007;105(3):1302-1306. DOL
10.1016/j.foodchem.2007.04.030

Huang CY, Kuo JM, Wu SJ, Tsai HT. Isolation and characterization of
fish scale collagen from tilapia (Oreochromis sp.) by novel extrusion-
hydro-extraction process. Food Chem. 2016;190:997-1006. DOIL:
10.1016/j.foodchem.2015.06.066

Carton F. The contribution of immunohistochemistry to the
development of hydrogels for skin repair and regeneration. Eur J
Histochem. 2023;67(1):3679. DOI: 10.4081/¢jh.2023.3679

Al-Taee SK, Al-Zubaidy MH, Mustafa KA, Ismail HK. The role of
Saccharomyces cerevisiae to alleviate copper sulfate toxicity in
Cyprinus carpio. Iraqi J Vet Sci. 2023;37(3):573-580. DOI:
10.33899/ijvs.2023.135148.2449

Al-Taee NT, Mohammad MA, Abdul-Majeed AF. The effect of partial
replacement of animal protein with duckweed grown in the treatment
unit of the Nineveh pharmaceutical factory water on the growth
performance of common carp Cyprinus carpio L. fish. Mesopotamia J
Agric, 2024;52(3):22-36. DOI: 10.33899/mja.2024.145298.1316
Al-Taee S, Anaz MT, Al-Badrany MD, Al-Hamdani AH. Biochemical
and behavioral responses of tricaine methane-sulfonate usage in
Cyprinus carpio. Iraqi J Vet Sci. 2021;35(4):719-723. DOL
10.33899/ijvs.2020.128035.1552

AL-Mossawi AH, Eskander MZ. Extraction Of Collagen from Fish
Orientai Sole Brachirus orientalis Skin and Studying of Some Chemical
Charactristics and Amino Acid Composition. Iraqi J Aquac.
2021;12(1):35-46. DOI: 10.58629/ijaq.v12i1.127

Nagai T, Suzuki N. Preparation and characterization of several fish bone
collagens. J Food Biochem. 2000;24(5):427-436. DOI: 10.1111/j.1745-
4514.2000.tb00711.x

Hukmi NM, Sarbon NM. Isolation and characterization of acid soluble
collagen (ASC) and pepsin soluble collagen (PSC) extracted from silver
catfish (Pangasius sp.) skin. Int Food Res J. 2018;25(5):1785-1791.
available at

Kiew PL, Don MM. The Influence of Acetic Acid Concentration on the
Extractability of Collagen from the Skin of Hybrid Clarias sp. and Its
Physicochemical Properties: A Preliminary Study. Focus Modern Food
Indust. 2013;2(3):123-128. [available at

Ravishankar K, Kiranmayi GN, Prasad YR, Devi L. Wound healing
activity in rabbits and antimicrobial activity of Hibiscus hirtus ethanolic
extract. Braz J Pharm Sci. 208;54(4):e17075. DOI: 10.1590/s2175-
9790201800041707

Gorin DR, Cordts PR, LaMorte WW, Manzoian JO. The influence of
wound geometry on the measurement of wound healing rates in clinical
trials. J Vasc Surg. 1996;23(3):524-8. DOIL: 10.1016/s0741-
5214(96)80021-8

Santos TS, Santos ID, Pereira-Filho RN, Gomes SF, Lima-Verde 1B
Marques MN, Cardoso JC, Severino P, Souto EB, Albuquerque-Junior
RC. Histological Evidence of Wound Healing Improvement in Rats
Treated with Oral Administration of Hydroalcoholic Extract of Vitis
labrusca. Curr  Issues Mol Biol. 2021;43(1):335-352. DOL
10.3390/cimb43010028

286

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Buchwalow IB, Bocker W. Working with Antibodies. In: Buchwalow
B, Bocker W, editors. Immunohistochemistry: Basics and Methods.
UK: Springer; 2010. 31-9 p. [available at

Al-Taee SK. Immunohistochemically and semi-quantities analysis of
carp gills exposed to sodium thiosulfate. Iraqi J Vet Sci.
2024;38(1):191-198. DOI: 10.33899/1jvs.2023.140746.3086

SAS Institute. SAS statistical guide for personal computers. 3" ed.
USA: Cary Inc.; 2014. 466 p.

Arvanitoyannis IS, Kassaveti A. Fish industry waste: treatments,
environmental impacts, current and potential uses. Int J Food Sci
Technol. 2008;43:726-745. DOI: 10.1111/4.1365-2621.2006. 01513.x
Dave D, Ramakrishnan VV, Trenholm S, Manuel H, Pohling J, Murphy
W. Marine oils as potential feedstock for biodiesel production:
Physicochemical characterization. J Bioprocess Biotech. 2014;4:1-12.
DOLI: 10.4172/2155-9821.1000168

Acharya PP, Kupendra MH, Fasim A, More SS, Murthy VK. A
comparative assessment of collagen type 1 from silver carp (fresh
water) and milk shark (marine) fish waste. 3 Biotech. 2022;12(3):82.
DOLI: 10.1007/s13205-022-03114-5

Hadfi NH, Sarbon NM. Physicochemical properties of silver catfish
(Pangasius sp.) skin collagen as influenced by acetic acid
concentration. Food Res. 2019;3(6):783-790. DOL:
10.26656/11.2017.3(6).130

Ge B, Wang H, Li J, Liu H, Yin Y, Zhang N, Qin S. Comprehensive
Assessment of Nile Tilapia Skin (Oreochromis niloticus) Collagen
Hydrogels for Wound Dressings. Marine Drugs. 2020;18(4):178. DOL:
10.3390/md18040178

Ayad ZM, Malik ZJ, Alameedi AL, Abdulah M. The effects of common
carp, Cyprinus carpio skin collagen extract on infected wounds. Iran J
Ichthyol. 2022;9:104-109. [available at

Chen J, Gao K, Liu S, Wang S, Elango J, Bao B, Dong J, Liu N, Wu W.
Fish Collagen Surgical Compress Repairing Characteristics on Wound
Healing Process In Vivo. Marine Drugs. 2019;17(1):33. DOL
10.3390/md17010033

Zhao W, Zhang Y, Liu L, Gao Y, Sun W, Sun Y, Ma Q. Microfluidic-
based functional materials: new prospects for wound healing and
beyond, J Mater Chem B. 2022;10(41):8357-8374. [available at
Rodrigues JP, da Costa Silva JR, Ferreira BA, Veloso LI, Quirino LS,
Rosa RR, Barbosa MC, Rodrigues CM, Gaspari PF, Beletti ME, Goulart
LR, Corréa NR. Development of collagenous scaffolds for wound
healing: characterization and in vivo analysis. J] Mater Sci Mater Med.
2024;35:12. DOI: 10.1007/s10856-023-06774-8

Han G, Ceilley R. Chronic wound healing: a review of current
management and treatments. Adv Ther. 2017;34:599-10. DOIL:
10.1007/s12325-017-0478-y

Zhou T, Sui B, Mo X, Sun J. Multifunctional and biomimetic fish
collagen/bioactive glass nanofibers: Fabrication, antibacterial activity
and inducing skin regeneration in vitro and in vivo. Int J Nanomed.
2017;12:3495. DOI: 10.2147/1IN.S132459

Ge B, Wang H, Li J, Liu H, Yin Y, Zhang N, Qin S. Comprehensive
assessment of Nile tilapia skin (Oreochromis niloticus) collagen
hydrogels for wound dressings. Marine Drugs. 2020;18(4):178. DOLI:
10.3390/md 18040178

Elbialy ZI, Atiba A, Abdelnaby A, Al-Hawary II, Elsheshtawy A, El-
Serehy HA, Abdel-Daim MM, Fadl SE, Assar DH. Collagen extract
obtained from Nile tilapia (Oreochromis niloticus L.) skin accelerates
wound healing in rat model via up regulating VEGF, bFGF, and a-SMA
genes expression. BMC Vet Res. 2020;16(1):1-11. DOIL
10.1186/512917-020-02566-2

Hesketh M, Sahin KB, West ZE, Murray RZ. Macrophage Phenotypes
Regulate Scar Formation and Chronic Wound Healing. Int J Mol Sci
2017;18. DOI: 10.3390/ijms18071545

Pal P, Srivas PK, Dadhich P, Das B, Maity PP, Moulik D, Dhara S.
Accelerating full thickness wound healing using collagen sponge of
mrigal fish (Cirrhinus cirrhosus) scale origin. Int J Biol Macromol.
2016;93(Pt B):1507-1518. DOI: 10.1016/j.ijbiomac.2016.04.032



https://ui.adsabs.harvard.edu/link_gateway/2016JAFPT..25...65K/doi:10.1080/10498850.2013.827767
https://doi.org/10.20546/ijcmas.2017.612.375
http://www.elsevier.com/locate/lwt
https://dx.doi.org/10.1016/j.foodchem.2010.05.111
https://dx.doi.org/10.1016/j.foodchem.2007.04.030
https://dx.doi.org/10.1016/j.foodchem.2015.06.066
https://dx.doi.org/10.4081/ejh.2023.3679
https://dx.doi.org/10.33899/ijvs.2023.135148.2449
https://dx.doi.org/10.33899/mja.2024.145298.1316
https://dx.doi.org/10.33899/ijvs.2020.128035.1552
https://doi.org/10.58629/ijaq.v12i1.127
https://dx.doi.org/10.1111/j.1745-4514.2000.tb00711.x
https://dx.doi.org/10.1111/j.1745-4514.2000.tb00711.x
http://www.ifrj.upm.edu.my/25%20(06)%202018/(48).pdf
https://www.researchgate.net/profile/Mashitah-Mat-Don-2/publication/264007725_The_Influence_of_Acetic_Acid_Concentration_on_the_Extractability_of_Collagen_from_the_Skin_of_Hybrid_Clarias_sp_and_Its_Physicochemical_Properties_A_Preliminary_Study/links/0c96053c8d3c6bc589000000/The-Influence-of-Acetic-Acid-Concentration-on-the-Extractability-of-Collagen-from-the-Skin-of-Hybrid-Clarias-sp-and-Its-Physicochemical-Properties-A-Preliminary-Study.pdf
https://doi.org/10.1590/s2175-9790201800041707
https://doi.org/10.1590/s2175-9790201800041707
https://dx.doi.org/10.1016/s0741-5214(96)80021-8
https://dx.doi.org/10.1016/s0741-5214(96)80021-8
https://dx.doi.org/10.3390/cimb43010028
https://link.springer.com/book/10.1007/978-3-642-04609-4
https://dx.doi.org/10.33899/ijvs.2023.140746.3086
https://doi.org/10.1111/j.1365-2621.2006.%2001513.x
https://dx.doi.org/10.4172/2155-9821.1000168
https://doi.org/10.1007/s13205-022-03114-5
https://dx.doi.org/10.26656/fr.2017.3(6).130
https://dx.doi.org/10.3390/md18040178
https://ijichthyol.org/index.php/iji/article/view/783
https://doi.org/10.3390/md17010033
https://pubs.rsc.org/en/content/articlehtml/2022/tb/d2tb01464e
https://dx.doi.org/10.1007/s10856-023-06774-8
https://dx.doi.org/10.1007/s12325-017-0478-y
https://dx.doi.org/10.2147/IJN.S132459
https://dx.doi.org/10.3390/md18040178
https://dx.doi.org/10.1186/s12917-020-02566-2
https://dx.doi.org/10.3390/ijms18071545
https://dx.doi.org/10.1016/j.ijbiomac.2016.04.032

Iragi Journal of Veterinary Sciences, Vol. 39, No. 2, 2025 (279-287)

Ll Gfsoll Guall il dlaal (ke o35S salel s
) g ol Sl g A el e oY) ey gad Jal ge g oAl cpaY <UL
ISP P U E DWW AP P TDR TN SR L EU IR P
gkl dihid) 3 o) zoall o Ty @l e SO arng
ol sl 5 A 8aal 5 AL A5 U0 Galiiuall (¥ KU Gaai il N
Jalal) Adassd g (paa KU Aagla ol Cle gaaall (o CalS a3 g ¢ Sl
& om0 oo i) 4l Qalall jedal ol yaall nd A8 )
e 5z all Aalis Jane b (5 sinall (alaaiV] 5 lgilV) Adainy)
Sl au )l ekl dAldadl) de gendll A (alill A el
Alebadll de ganall 8 +,09 ALY Jardl (5 ginall ¢ Li Y hia gl
gl 7 g g Al LA Cads L5 L Sl il il
Y 5S35 31585 lass (sl (Slaasll Q) selal 5 (el
w\ Salaall sda &L\sﬁ\‘)‘g cdlaladll 4\.&:}.4;.43\ ‘_é QAL.;J\ e}:\l\ e
sad s g GBS 5] daelid) Ll dasa duca )
238 itz yall de 3 e V€ oyl Sl g A geall dye V) Ay
Ry e clen ala e daldiiadl e &I sl of Al all
e dani Cua cgaail)l Qlall 83 S Aadle sale W lic)

ool Wil gy yusi

287

P Al gl Al Ga gl pudl 8 S0 43y )k
c,u&‘ Sla) .ﬂ; Y uam‘ %Yﬂ\e ‘T\J\JY‘
@‘Lﬁﬂ\ ggdl,f.\;'ﬂ

Al A sl

dada bl Glll L sl Gl el s gl 3V g
é\)ﬂ\ ‘dm}d\ ‘dm).d\

AaDAL

A gall | jame Ailall dapll &y gall Clalall 908 Bale) et

oo alSl Al jall sda cdaa 1M ¢ (g gl Qlall d (ganT g A gaal)
Laillnd i g @llans) ala (e Galiiosall Goa¥ S A0 o)) asalaal)
sadl Sl sl Je aldeVh m g all alll an s (8
A8 anil) aa QUEY) Jana 5 7 ol alfl g dabiss Jazal Slaanl)
MM\) cladll oulza e J M\ &339.\]\} 3 ‘fa\gﬂ\ ‘;r_).\&\
:\:":JY\Oﬂj‘@#‘@‘@j‘&ﬁyjﬁ\‘%“)jj‘aﬁwy‘



