
RESEARCH ARTICLE Open Access

Collagen extract obtained from Nile tilapia
(Oreochromis niloticus L.) skin accelerates
wound healing in rat model via up
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Abstract

Background: Collagen is the most abundant structural protein in the mammalian connective tissue and represents
approximately 30% of animal protein. The current study evaluated the potential capacity of collagen extract derived
from Nile tilapia skin in improving the cutaneous wound healing in rats and investigated the underlying possible
mechanisms. A rat model was used, and the experimental design included a control group (CG) and the tilapia
collagen treated group (TCG). Full-thickness wounds were conducted on the back of all the rats under general
anesthesia, then the tilapia collagen extract was applied topically on the wound area of TCG. Wound areas of the
two experimental groups were measured on days 0, 3, 6, 9, 12, and 15 post-wounding. The stages of the wound
granulation tissues were detected by histopathologic examination and the expression of vascular endothelial
growth factor (VEGF), and transforming growth factor (TGF-ß1) were investigated using immunohistochemistry.
Moreover, relative gene expression analysis of transforming growth factor-beta (TGF-ß1), basic fibroblast growth
factor (bFGF), and alpha-smooth muscle actin (α-SMA) were quantified by real-time qPCR.

Results: The histopathological assessment showed noticeable signs of skin healing in TCG compared to CG.
Immunohistochemistry results revealed remarkable enhancement in the expression levels of VEGF and TGF-β1 in
TCG. Furthermore, TCG exhibited marked upregulation in the VEGF, bFGF, and α-SMA genes expression. These
findings suggested that the topical application of Nile tilapia collagen extract can promote the cutaneous wound
healing process in rats, which could be attributed to its stimulating effect on recruiting and activating macrophages
to produce chemotactic growth factors, fibroblast proliferation, and angiogenesis.

Conclusions: The collagen extract could, therefore, be a potential biomaterial for cutaneous wound healing
therapeutics.
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Background
The wound is a clinical surgical entity that requires
medical attention. Wound healing is a multi-process in-
cluding 4 interdependently definite stages; hemostasis,
inflammatory response, tissue proliferation, and remod-
eling [1]. The hemostasis, blood clotting, the stage starts
directly after the injury and it is characterized by blood
platelet aggregation, which subsequently produces vari-
ous chemotactic factors, for instance transforming
growth factor-beta 1&2 (TGF-ß1) & (TGF- ß2), and
platelet-derived growth factors (PDGF). Furthermore, in-
flammatory cells (microphages, lymphocytes, and macro-
phages) are recruited to protect the wound from
infection. Besides their crucial role in protecting the
wound, the inflammatory cells along with epidermal and
dermal cells produce some mediators. These mediators
function by regulating and stimulating growth and mi-
gration of smooth muscle cells, keratinocytes, and fibro-
blasts within the wound area, which plays an essential
role in the wound healing process [2].
Collagen is the most abundant structural protein in

the mammalian connective tissue and represents ap-
proximately 30% of animal protein. Mammalian colla-
gens, porcine, and bovine, have been widely utilized for
many years, however, outbreaks of Foot and Mouth Dis-
ease (FMD) and Animal Prion Diseases in the last era
have paid attention to their safety and therefore re-
stricted their use. Thus, aquatic organisms for instance
fish, starfish, sponges, and jellyfish have been recently
evaluated as a safe easily accessible alternative for mam-
malian collagen [3].
Besides their crucial role as a safe alternative for mam-

malian collagen, fish collagen peptides possess various
biological benefits such as immune-modulatory and
anti-inflammatory activities [4], antimicrobial activity [5]
and improve wound healing [6, 7]. Marine collagen has
been isolated from different marine and freshwater fish
species including; Chum Salmon (Oncorhynchus keta)
[8], Spanish mackerel (Scomberomorous niphonius) [9],
Hybrid Sturgeon [10], Bigeye snapper (Priacanthus
macracanthus) [11], Silver carp (Hypophthalmichthys
molitrix) [12], Sheepshead seabream (Archosargus proba-
tocephalus) [13], Black drum (Pogonia cromis) [13], Big-
eye snapper (Priacanthus tayenus) [14], and many other
fish species.
Nile tilapia, Oreochromis niloticus, is considered one of

the most extensively cultured species worldwide with a
global production of 6,5 million tones in 2018 [15]. The
skin of tilapia constitutes an enormous amount of non-
edible by-product, however, it could be used as an excel-
lent substrate for the production of collagen peptides.
Studies suggested that using tilapia skin could provide
more than 40% dry weight yield of collagen. Moreover,
the use of tilapia skin in the production of collagen

peptides provides a safe product without any ethical or
religious concerns [16]. Hence, some investigations have
recommended the use of tilapia skin as a biomaterial for
dressing the wound healing [17, 18]. Nevertheless, little
is known about the potential mechanisms of tilapia de-
rived collagen in improving wound healing. Thus, the
current study aimed to clarify the potential healing cap-
acity of tilapia skin-derived collagen in rat wound heal-
ing and the underlying potential mechanisms.

Results
The results of functional group (FTIR) analysis
The FTIR spectra of collagen extracted from the skin of
tilapia shown in Fig. 1. The obvious peaks at 3328 cm-1
and 2924 cm-1 were typical characteristic amide A and
B bands, respectively. The band at 1451 cm-1 was attrib-
uted to the CDH stretching vibrations. The characteris-
tic absorption peaks of amide I, II, and III bands of
polypeptides were at 1655, 1541, and 1237 cm-1,
respectively.

Wound area
The impact of the tilapia collagen extract on wound area
is presented in (Fig. 2). The contraction of the wound
area in TCG was significantly promoted compared to
the CG. Moreover, the wound area on days 9, 12, and 15
post-wounding in TCG displayed smaller wound areas
than the CG (Fig. 2a). Wound contraction in TCG was
accelerated significantly (P ˂ 0.05) on days 9 and 12 post
wounding in which the wound sites tended toward clos-
ure in the TCG and the adjacent skin became smoother
than the CG (Fig. 2b).

Histopathological examination
Histological examination on day 15 post-wounding re-
vealed that the skin of CG had delayed skin healing with
marginal epithelial tongue formation with remaining
granulation tissue within the connective tissue, which in-
dicates angiogenesis. However, TCG had marked skin
healing accompanied by a marked reduction in the der-
mal tissue with remarkable epithelization and remodel-
ing of connective tissue (Fig. 3) (Table 1).

Immunohistochemistry examination
Angiogenesis plays a key role during wound healing.
The renewed blood vessel provides nutrition and oxygen
supplements to the wound area and assists in the forma-
tion of granulation tissue. To examine the effect of the
tilapia collagen on angiogenesis, fibroblast proliferation,
and collagen deposition, immunohistochemical staining
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Fig. 1 FTIR spectrum of collagen extracted from tilapia skin

Fig. 2 a Effect of topical application of Tilapia collagen extract on wound area contraction in TCG: Tilapia collagen group compared to the CG :control
group. b The percentage of wound area on days 0,3,6,9,12 and 15 post wounding as compared with wound closure in control group. The wound
closure rate was expressed as the percentile of wound area compared with that on post wounding day 0 (100%).Values are mean ± SE
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(IHC) was used to investigate the VEGF and TGF-β1 ex-
pression in skin tissue on day 15 post-wounding. A no-
ticeable increase in both VEGF and TGF-β1 in the TCG
was observed (Table 2). The expression profiles of VEGF
and TGF-β1 are presented in (Fig. 4). There was a mark-
edly higher expression in both VEGF and TGF-β1 in the
TCG either within the endothelial cells of blood capillar-
ies or fibroblastic cells (Fig. 4b and d). However, CG re-
vealed mild expression in both VEGF and TGF-β1within
the endothelial cells of the granulation tissue (Fig. 4a
and c). These results illustrated the significant change in
the expression of VEGF and TGF-β1 upon the applica-
tion of tilapia collagen extract on the wound.

Gene expression
To explore the potential molecular mechanisms of til-
apia collagen extract impact on wound healing, we
assessed the relative expression of TGF-β1, bFGF, and
α-SMA genes in the wound tissue. The relative expres-
sion of TGF-β1, bFGF, and α-SMA genes was markedly
upregulated in TCG as compared to CG (Fig. 5).

Discussion
The results of the FTIR spectra of collagen extracted
from the skin of tilapia are compatible with Zhang et al.

[19], amide A bands appeared in the range 3292–
3315 cm-1 proved that N–H group of peptides is in-
volved in hydrogen bonding. Amide I band is observed
at 1656 cm-1. Amide II band of collagen at 1538–
1548 cm-1 while amide III band is found in the range
1232–1238 cm-1. Overall FTIR represents the character-
istic amino acids and intact collagen molecule [20]. Also,
Chen et al. [21] analyzed the FTIR spectra of ASC,
which was extracted from the skin of tilapia and
matched well with those of collagen extracted in our
study. These results indicated that the extracted collagen
was of type I collagen and maintained their triple-helical
structure [20].
Wound healing is an integrated and dynamic process

with an orchestrated cascade of events that requires a
complicated interaction among injured skin cells, im-
mune cells, cytokines, growth factors, and tissue se-
quences such as cellular migration, proliferation,
angiogenic responses, and wound tissue fibroplasia [22].
Multiple growth factors including; transforming growth
factor-beta1 (TGF-β1), fibroblast growth factor (FGF),
and vascular endothelial growth factor (VEGF) are incor-
porated in the process of healing by promoting cell pro-
liferation through activation of numerous steps as
angiogenesis, re-epithelialization, and formation of the
extracellular matrix (ECM) [2, 23, 24]. FGF triggers the
proliferation and migration of fibroblasts, angiogenesis,
epithelialization, and ECM production in wound healing

Fig. 3 Histological examination at day 15 post-wounding. a Skin of control group animal showing delayed skin healing (black arrows) with
marginal epithelial tongue formation (red arrow) and still granulation tissue within the connective tissue (arrowhead indicates angiogenesis), b
Skin of tilapia collagen group animal showing marked skin healing accompanied with marked epithelization (red arrow) and remodeling of
connective tissue (red arrow) (arrowhead indicates angiogenesis) H&E, bar = 200 µm

Table 1 Semi-quantitative scoring of skin healing of different treated groups

Groups Necrosis Granulation tissue Connective tissue remodeling Epithelization Inflammatory cells infiltration

A + ++ ++ ++ +

B - + ++++ ++++ +

Histological scale: - Indicates absence of lesions, + indicates mild degree, ++ indicates moderate degree, +++ indicates marked focal degree and ++++ indicates
marked diffuse degree
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[24, 25]. Moreover, TGF-β1 is essential for the synthesis
of ECM by the activated fibroblast and the differentiated
myofibroblast [26–28]. Angiogenesis is a crucial step to
ensure a sufficient supply of nutrients, oxygen, and im-
mune cells to the stroma and it is precisely controlled by
the innate immune response [29]. Furthermore,
responding to anoxia, angiogenic factors, such as
platelet-derived growth factor (PDGF), VEGF, and bFGF,
trigger the genesis of new blood supply. Additionally,
the contractile microfilament bundles “myofibroblasts”,
formed during the healing process by fibroblasts, are es-
sential for the contraction of the wound [2, 30, 31]. The
entirely differentiated myofibroblast can be recognized
by the expression of α-smooth muscle actin (α-SMA) [2,

31, 32]. Keratinocytes are also considered key cells in-
volved in skin wound healing and contraction. The pro-
liferation and differentiation of keratinocytes play
essential roles in wound re-epithelialization [33]. Fibro-
blasts and keratinocytes produce new collagen fibers,
which form a transient ECM, which is then remodeled
and strengthened as a consequence of matrix metallo-
proteinases activity regulated with the activity of tissue
inhibitors of metalloproteinases [34, 35].
The current study highlighted the key role of tilapia

derived collagen in wound contraction and healing
process in rats utilizing histopathology, immunohisto-
chemistry, and gene expression analysis. The study re-
vealed the potential capacity of tilapia collagen in
accelerating the full-thickness skin wound healing in rats
in agreement with several in vivo and in vitro studies
[17, 18, 36]. For instance, Chen, Gao [36] reported that
tilapia collagen treatment leads to accelerate epitheliza-
tion and healing process by promoting keratinocyte pro-
liferation and differentiation. Our data revealed that
TGF-β1, IHC, was markedly enhanced and TGF-β1, b-
FGF, and α-SMA genes expressions were strongly upreg-
ulated in TCG, indicating the enhanced proliferation of

Table 2 IHC results of rat skin expressed as mean ± SD

Groups VEGF TGFβ1

Control 35.825 ± 5.2 40.975 ± 1.56

Tilapia collagen 63.425 ± 4.4* 71.95 ± 2.79*

IHS Immunohistochemical staining, CG Control group, TCG Tilapia
collagen group
Values are expressed as mean ± SE from triplicate groups (n = 06). Bars with an
asterisk are significantly different from those of control group (P < 0.05)

Fig. 4 Immunohistochemistry results of VEGF : Vascular endothelial growth factor and TGF-β1:Transforming growth factor β1. a Control group
showed mild VEGF expression of within the endothelial cells of the granulation tissue (arrows). b Tilapia group showed marked increase VEGF
expression of within the endothelial cells of the mature granulation tissue underlying the epidermis (arrows). c Control group showing mild
expression of TGF-β1 within the endothelial cells of the granulation tissue (arrows). d Tilapia group showed marked TGF-β1 expression either
within the endothelial cells of blood capillaries (arrow) or fibroblastic cells (arrowheads), X200, bar = 40 µm
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both fibroblast and myofibroblast, and increased ECM
production in TCG than CG. Our findings are inconsist-
ent with Wang, Xu [37] who examined the impact of
collagen peptides derived from chum salmon on wound
healing of cesarean sectioned rats. The same trend was
reported by Hu, Yang [17] who detected the wound
healing acceleration property of collagen peptides ob-
tained from Nile tilapia skin in rabbits.
Angiogenesis is a vital process for the maintenance of

granulation tissue and hastening wound healing and it is
induced by several angiogenic factors such as bFGF and
VEGF [38, 39]. Our findings illustrated that VEGF, IHC,
and bFGF gene expression levels in wound tissue were sig-
nificantly higher in TCG than CG, implying that the til-
apia derived collagen has a potent ability to enhance the
production of these angiogenic factors. The higher expres-
sion of such factors is remarkably implicated in promoting
the wound healing process by controlling the inflamma-
tory reaction and enhancing angiogenesis and collagen de-
position with a marked reduction in the dermal tissue
width and improved epithelization rate in TCG, referring
to a faster wound closure rate in TCG than the CG.

Conclusions
It is concluded that the topical applicated tilapia skin
collagen extract enhanced the cutaneous wound healing
in the rat model. The improved wound healing could be
linked to its stimulating effect on recruiting and activat-
ing macrophages to produce chemotactic growth factors,
fibroblast proliferation, and angiogenesis, upon the up-
regulation of TGF-β1, bFGF, and α-SMA genes expres-
sion and enhanced TGF-β1 and VEGF expression.

Methods
Ethical statement
Ethical approval for the experimental procedures of the
study was obtained from the Animal Ethics Committee
at Kafrelsheikh University, Egypt.

Tilapia skin collagen extraction
The fish were obtained from a private farm at Kafrel-
sheikh Governorate, Egypt. Nile tilapia skin collagen
was extracted by the preparation of acid and pepsin-
solubilized collagen according to the Noitup method
described by Potaros, Raksakulthai [40]. In brief, fish
were euthanized with an overdose of buffered MS-222
(one fish at the time) in a separate container
(200 mg/L MS-222 + 400 mg/L sodium bicarbonate).
The skin of O. niloticus was separated by scalpel and
cut into small pieces (0.5 × 0.5 cm) with scissors. The
non-collagenous proteins were removed from the cut
skin where the skin was suspended in 20 volumes
NaOH (0.1 N) at pH 12 and stirred for 4 hr. Then
the cut skin was washed thoroughly with cold dis-
tilled water (less than 10 °C) until a neutral pH was
obtained. After that acid-solubilized collagen was pro-
duced where the washed skin was extracted with 70
volumes of acetic acid (0.5 M) at 4–6 °C for 24 hr.
The extracted acid-solubilized collagen was centri-
fuged for 60 min at 30,000 × g and collected the
supernatant. Meanwhile, the precipitate was re-
extracted two times. After that, the collected super-
natant was salted out by adding NaCl (0.9 M) and
centrifuged at 30,000 × g for 60 m. The precipitate
was dissolved in 20 volumes of 0.5 M acetic acid,
then dialyzed against 0.1M acetic acid and deionized
water in a dialysis membrane (Spectra/ por mwco
12–14,000 RC membrane, Spectrum Laboratories,
Rancho Dominguez, CA, USA.). Apart from the ob-
tained gel form extracted collagen was lyophilized and
measured with Fourier transform infrared spectros-
copy (FTIR) spectrum measurement.

Fourier transform infrared spectroscopy (FTIR) spectrum
measurement
Collagen FTIR spectrum measurement was conducted
using FTIR (Fourier-transform infrared spectroscopy,

Fig. 5 Relative gene expression of VEGF: Vascular endothelial growth factor, bFGF: basic fibroblast growth factor, and α-smooth muscle actin: α-
SMA: genes in wounded rats of CG: control group and TCG: tilapia collagen treated group. Values are expressed as mean ± SE from triplicate
groups (n = 06). Bars with an asterisk are significantly different from those of control group (P < 0.05)
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Thermo Scientific Nicolet iS5, MA, USA). The lyophi-
lized collagen powder was mixed with KBr (Sigma-Al-
drich, St. Louis, MO), then their mixture was pressed
and subjected to analysis [41]. The main FTIR parame-
ters’ settings were the 4 cm-1 resolution and scan num-
ber of 64 times; the transmission spectrum within 450–
4000 cm-1 was recorded.

Animals
Ten weeks old male Wistar rats (110 ± 10 g) were ob-
tained from the Animal House Colony Tanta Centre,
Egypt. The lab animals (16 rats) were randomly
assigned into 2 groups (8 rats per each group); the
control group (CG), did not receive any treatment
and tilapia collagen treated group (TCG), treated with
gel form collagen extract. In separate plastic cages,
the laboratory animals were kept with fed (Al Wadi,
Egypt) and water ad libitum with a 12 h dark/light
cycle and temperature 25 ± 2˚C. Where animals were
acclimatized for one week before the beginning of the
experiment.

Wound creation and wound size assessment
The ketamine-xylazine combination (ketamine 70 mg/
kg and xylazine 7 mg/kg) were used intraperitoneal
injection (IP) for anesthetization of the laboratory ani-
mals. The rats’ back hair was shaved and disinfected
by 70% ethanol. Next, full-thickness skin wound exci-
sion measuring 1.5 × 1.5 cm was performed on the
back of each rat according to Atiba et al. [25] (Fig. 6).
The wound without suture left opened where it was
covered by wound dressing (Band-Aid Advanced heal-
ing (Johnson & Johnson)) and changed every two days
on days 0, 3, 6, 9, and 12 post-wounding. Band-aid
dressing was fixed by medical tape. Wound dressing

was applied under anesthesia. In the control group,
no treatment was used only changing the dressing.
Meanwhile, in the TCG group, the gel form collagen
extract was applied every time the dressing was
changed.

The wounds were photographed and measured on
days 0, 3, 6, 9, 12, and 15 post-wounding (Fig. 6).
The images were then converted into the TIF For-
mat using Adobe Photoshop software. The size area
of wounds was measured by the ImageJ-NIH soft-
ware (available online at; http://www.rsb.info.nih.
gov/ij). The change of the wound size was demon-
strated as a percentage of the initial wound size
(day 0:100%).
Experimental scheme of this study; (A) Schedule

time of wounding, wound area measurement, Til-
apia collagen extract administration, and sampling.
(B) Wound dressing with Band–Aid, wound area
photographed, and measurements is portrayed in
(Fig. 7).

Tilapia collagen application
Tilapia derived collagen extract in gel form was ap-
plied topically on the wound area of the tilapia
treated collagen group, while the control group did
not receive any treatment. Collagen was applied topic-
ally to wound area on days 0, 3, 6, 9, and 12 post-
wounding with wound dressing and measuring the
area of wound each time.
The dressing was changed to both groups in the men-

tioned days of the experiment with inspection of the
wound healing degree.

Fig. 6 a Preparation to perform full thickness skin incision by clipping back hair of the rat then disinfection by ethyl-alcohol. b Putting marker for
making definite skin incision. c Photo represent day of wounding (day 0)
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Tissue samples collection
On day 15 post-wounding, rats were sacrified by intra-
peritoneal injection of an overdose of pentobarbital
anesthesia (300 mg/kg). The whole wound including a
periphery of about 5 mm of unwounded skin area was
excised. Excised skin samples were divided into two
parts; one was fixed for 48 hrs. in a 10% formalin
buffered solution (pH 7.4) and embedded in paraffin
(used for histopathology and immunohistochemistry).
The other part was collected in 2 mL sterile micro-
centrifuge tubes, then shocked in liquid nitrogen and
then stored at -80ºC till the analysis (used for gene
expression analysis). The investigators were not
blinded during data collection. Blinding was used dur-
ing analysis. Computational analysis was not per-
formed blinded.

The rats after the end of the study
All rats were sacrified by intraperitoneal injection
of an overdose of pentobarbital anesthesia (300 mg/
kg). The sacrified rats, as well as remnants of sam-
ples and bedding material, were buried in the strict
hygienically controlled properly constructed burial
pit.

Histopathological examination
Skin wound tissues sections of 4 µm thickness were per-
pendicularly cut into the wound and stained with
hematoxylin and eosin. The following parameters were
individually assessed; the degree of necrosis, granulation

tissue, connective tissue remodeling, degree of epithelial-
ization, and inflammatory cell infiltration. The scores of
wound granulation tissue for different treated groups
were semi-quantitated as illustrated in Table 1. Histo-
pathology slides were graded using a modified 0 to 4
Ehrlich and Hunt numerical scale and validated on a
scale 1–5, with 1 indicating necrosis, 2 indicating inflam-
matory cell infiltration, 3 indicating connective tissue re-
modeling, 4 indicating epithelization, and 5 indicating
inflammatory cell infiltration. We applied a five-point
scale to evaluate them (-ve: Indicates absence of lesions,
+: indicates mild degree, ++: Indicates moderate degree,
+++: Indicates marked focal degree and ++++: Indicates
marked diffuse degree) as previously described by [42].

Immunohistochemistry examination
The immunohistochemical staining procedures were
performed according to Saber et al. [43]. Skin tissues
embedded in paraffin were sectioned (4 mm thick),
dewaxed, and immersed in a citrate buffer (0.05 M,
pH 6.8), for antigen retrieval. Then, these sections
were treated with 0.3% H2O2 and protein block. Next,
they were incubated with polyclonal rabbit TGF-β1
(Cat. No. 1-TR062-07, BIOCYC GmbH, & Co. KG,
Germany) and polyclonal rabbit VEGF (Cat. No.
AR483-5R, BioGenix, Netherland). After washing with
PBS, they were incubated for 30 min at room
temperature with a goat anti-rabbit secondary anti-
body (cat. no. K4003, EnVision + System- HRP La-
belled Polymer; Dako). Slides were then visualized

Fig. 7 Experimental scheme of this study. a Schedule time of wounding, wound area measurement, Tilapia collagen extract administration and
sampling. b Wound dressing with Band –Aid, wound area photographed and measurements

Elbialy et al. BMC Veterinary Research          (2020) 16:352 Page 8 of 11



with DAB kit and finally stained with, a counterstain,
Mayer’s hematoxylin, and assessed under the light
microscope. The staining intensity was evaluated and
presented as a percentage of positive cells in about 8
high power fields.

RNA extraction
RNA was extracted from all collected samples using
TriZol reagent (iNtRON Biotechnology) following
the manufacture protocol. The quality and concen-
tration of the extracted RNA were assessed using a
nanodrop spectrophotometer (BioDrop). Samples
with ODA260/ A280 from 1.8 to 2.0 were used. The
integrity of all extracted RNA was confirmed by
1.5% ethidium bromide-stained agarose gel (Sigma,
Germany) in 1x Tris-acetate-EDTA buffer, pH 8.0.
The gel image was visualized using UV transillumi-
nator (azure c200).

cDNA synthesis and real-time qPCR
RT-qPCR analysis of relative mRNA expression of TGF-
β1, bFGF, αSMA, and glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) as the housekeeping gene was
performed using rat-specific primers Table 3 [32, 44–
46]. cDNA synthesis from 2 µg of the total RNA was
performed using the Intron-Power cDNA synthesis kit
(iNtRON Biotechnology) following the manufacturer’s
protocol. Then, the cDNA was used as the template for
RT-qPCR.
Relative quantitative RT-PCR was performed to all the

examined samples in triplicate using SYBR green in the
Mx3005P Real-time PCR (Agilent, USA).
The relative changes in gene expression were cal-

culated using threshold cycle (CT) values that were
first normalized to those of the Albino Rat (Rattus
norvegicus) GAPDH house-keeping gene and using
ΔCT value of control samples as calibrator using
the 2−ΔΔCT method adapted from Livak and
Schmittgen [47].

Statistical analysis
The data are illustrated as the mean ± standard error
(SE). Data were compared by one-way analysis of
variance (ANOVA) followed by post-hoc t-test. The
test was conducted for comparing each group with
and without tilapia collagen treatment in wound area
rate and relative gene expressions of TGF-β1, bFGF,
αSMA. Differences among the groups were considered
statistically significant at p-value < 0.05 and indicated
with an asterisk (**).
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Table 3 Primer sequence of selected genes used in rtPCR analysis

Gene Primer sequence 5’-3’ Gene bank accession number Annealing temperature Reference

GAPDH 5'-CAGCAATGCATCCTGCAC-3'
5'-GAGTTGCTGTTGAAGTCACAGG-3'

XM_017592435.1 60ºC Nakahara et al. [44]

VEGF 5'-AGGCTGCACCCACGACAGAA-3'
5'-CTTTGGTCTGCATTCACATC-3'

NM_001110333.2 55ºC Hu et al. [45]

bFGF 5'-GTCAAACTACAGCTCCAAGC-3'
5'-TTTATACTGCCCAGTTCGTT-3'

NM_019305.2 50 ºC Zhu et al. [46]

αSMA 5’-CGATAGAACACGGCATCATC-3’
5’-CATCAGGCAGTTCGTAGCTC-3’

NM_031004.2 58 ºC Reza Ghassemifar et al. [32]

VEGF Vascular endothelial growth factor, bFGF Basic fibroblast growth factor, α-SMA α-smooth muscle actin
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