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ABSTRACT

The aim of present study was to compare between the effectiveness of marine fish acellular
dermal matrices (ADM) and Chitosan Nanopolymers (ChNPs) loaded on fish ADM in the
reconstruction of large abdominal wall hernias in Iragi bucks. Molecular evaluations were
conducted using Real Time-quantification Polymerase Chain Reaction (RT-gPCR) to measure the
levels of basic fibroblast growth factor (b-FGF) and vascular endothelial growth factor (VEGF)
genes during the healing process. Ventro-lateral abdominal wall hernias (6x6cm) were induced in
18 bucks. Thirty days post-induction of hernia, the bucks were divided into two groups: Group A,
control group treated with fish ADM and group B, ChNPs group which was treated with fish ADM
loaded with ChNPs. Evaluations were performed at 2, 8, and16 weeks post-treatment. Molecular
analysis revealed significantly higher b-FGF and VEGF gene expression in the ChNPs group
compared to control group, particularly at week 16" week post-treatment.
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DOl: Hernia is a condition characterized by
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the protrusion of the contents of a body cavity

through a normal or abnormal opening in the

ORCID: https://orcid.org/0009-0003-0319-9414 wall of that cavity, either lying beneath the
https://orcid.org/0009-0002-6328-8016 . . . .

intact skin or occupying another adjacent

body cavity [1]. Herniorrhaphy is the most

* Corresponding author accepted treatment for hernias, although tight

suturing to close the defect can lead to wound

dehiscence, recurrent hernias, and non-

healing wounds [2]. The closure of large

hernias generally requires the use of synthetic

or biologic  prosthetic mesh  [3,4].

E: :zgk'l éggzgzgg Biomaterials offer distinct advantages over

' synthetic meshes due to their ability to
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become vascularized, remodel into autologous
tissue, and resist infection [5]. These
biological materials are derived from various
tissues such as dermis, small intestine
submucosa, and pericardium from species like
humans, pigs, and cows [6]. Recently, fish
ADM has been utilized in numerous clinical
applications due to its physicochemical
properties and amino acid composition 8
[7,8]. Fish ADM has been used effectively for
the reconstruction of large abdominal wall
hernias in goats, accelerating and enhancing
the healing process without adverse immune
responses [9]. Researchers continuously seek
new materials for biological applications,
particularly in medicine, to develop novel
therapeutic strategies, among these materials,
nanoparticles (NPs) have garnered significant
attention [10-12]. Chitosan (Ch) is a
polysaccharide acquired by partial
deacetylation of chitin. It is a type of safe,
non-toxic and non-antigenic natural cationic
polysaccharide [13,14]. ChNPs have become
of excessive interest for nanomedicine,
biomedical engineering and development of
new therapeutic drug release systems with
improved bioavailability, increased specificity
and sensitivity, and reduced pharmacological
toxicity [15,16]. Additionally, due to its well
bio-adhesive, antibacterial and hemostatic
properties, it can be used as a dressing for
open wound treatment [17,18]. Studies found
that ChNPs promotes wound healing by
promoting the migration of inflammatory
cells and fibroblasts to the wound site and the
deposition of collagen. Furthermore, Ch has
hemostatic properties by mediating the
aggregation of red blood cells [19,20]. Due to
the absence of studies about the use of ChNPs
Loaded on fish ADM on the reconstruction of
large abdominal wall hernias, the current
study is designed to evaluate the effect of this
material through molecular evaluation of the
tissue level of b-FGF and VEG genes.
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MATERIALS AND METHODS

In the present study 18 clinically
healthy local adult bucks were used, ages
ranged among (1-2) years and weighing (25-
30 kg). The animals were kept for
acclimatization and observation at the animal
farm, College of Veterinary Medicine/
University of Baghdad, for two weeks before
the study began. Below the effect of sedation
by intramuscular injection of 2% Xylazine
hydrochloride (Woerden, Holland) at dose of
(0.2 mg/kg B.W) and local anesthesia by local
infiltration of 2% lidocaine hydrochloride
(Canelones, Uruguay) by a dose of 4 mg/Kg
B.W., ventral hernias (6 cm) in diameter were
performed in right abdominal wall of all
experimental animals in the study. The
animals were randomly divided into two
groups (9 Bucks/ group), 30 days post-
operative of hernia inducing.

Preparation of ChNPs

Chitosan  Nanopolymers  Preparing
through Chemical Method, dissolving 1.5 g of
chitosan in 150 ml of deionized distilled
water, the mixture was agitated for 30
minutes with a magnetic stirrer. The pH was
brought to 12 using NaOH (1N), and the
mixture was left at room temperature on the
rotor for 60 minutes with a magnetic stirrer.
Next, the pH was gotten down to 4 using
HCL (1N), and the mixture was left on the
rotor for 60 minutes at room temperature by a
magnetic stirrer. Finally, the pH was adjusted
to 7 with NaOH (1N), and left on the rotor for
60 minutes at room temperature by a
magnetic stirrer. The solution was distributed
into tubes and centrifuged for 20 minutes at
8000 rpm. Then threw away the supernatant
and the precipitate was transferred to a Petri
dish in the incubator and left for overnight at
37°C to obtain Chitosan Nanopolymers dried
powder [15].
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Loading Method

The fish ADM ware loaded with the
nanoparticles by means of the casting
technique. The nanoparticles were dissolved
by deionizing distilled water by using
magnetic stirrer. Using a Pasteur pipette, 300
uL of the solution were dropped onto each 1
cm? of fish ADM, and dried at room
temperature for 2 hours [21]. Each scaffolds
were containing (1 wt%) of nanoparticles.

Treatment of Hernias

The hernias in group A (control group)
were treated with Sublay implantation of
decellularized marine fish ADM sheet. While,
in group B (ChNPs group) the hernias were
treated with  Sublay implantation of
decellularized marine fish ADM sheet loaded
with ChNPs. The margins were interposed
between the parietal peritoneum and the
muscular layers of the abdominal wall. The
sheet was sutured to the abdominal muscle
layer, 2cm far from margin of hernia ring by
sublay method using interrupted U shape
suture pattern with knots on outer side by
using No.l synthetic non absorbable suture
materials (polypropylene; Brussels-Belgium).
The access skin and subcutaneous tissue were
sharply removed and then apposite by silk
No.1 in interrupted horizontal mattress suture
pattern. The animals of each group were
divided into three subgroups (three animals /

Primers of gene expression used in this study

subgroup) to make molecular evaluation.
Molecular Evaluation

A biopsy of the native tissue weighing
one gram was taken from the implanted area
in each animal of the study at 2, 8 and 16
week'’s post-treatment (three animals/ period)
and single biopsy of normal abdominal
muscle tissue was taken from the same animal
before operation which resemble as a control
group. The biopsies were kept in liquid
nitrogen (- 196 °C), this biopsy was used for
detection of both b-FGF and VEGF gene
expression according to the protocol
described by Zhang et al. [22]. Analysis and
calculation of gene expression levels of one or
more genes depend on RNA /mRNA
concentration after conversion it to cDNA.

Total RNA extraction: using Easy-spin™
(DNA free) total RNA extraction Kit

Preparation of primers

The primers (which were first
lyophilized) were dissolved in free ddH20 to
reach a final concentration of 100 pM/ul. This
was done in accordance with the primer
synthesizer company's instructions, and the
stock solution was kept at -20 ‘C. To be
utilized as a work primer, a concentration of
10 pM/pl was generated from the stock
primers.

Table 1: Shows the details of primers that used in the study.

Organism Target Primer 5.3 PCR Accession Reference
gene name Product
Number
Capra hircus F AGTGTGTGCAAACCGTTACCTTGC
FGF2 172 XM_018061205.1
R ATACTGCCCAGTTCGTTTCAGTGC - :
Capra hircus VEGE F AACCTGACATGAAGGAAGAGGGAG 150 [23]
R CGGTGATTTAGCAGCAAGAGAA XM_018038496.1
Capra hircus GAPDH F TGTTTGTGATGGGCGTGAACCA 154
R ATGGCGTGGACACAGTGGTCATAA XR_0019118676.1
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1-Step RT-qPCR System Protocol
covers the real-time qPCR (gene expression
test) process. (1) Program the real-time
instrument for standard or fast mode one-step
RT-gPCR (Table 3). (2) Thaw the
components of the GoTaq® 1-Step RT-qPCR
System, RNA templates, and primer pairs on
ice, at room temperature, or at 37°C.
Thoroughly mix each thawed component
immediately. If using a vortex mixer, mix at
low speed to minimize aeration. Keep thawed

reagents on ice. (3) Prepare the RNA samples
(mRNA [500 fg—100 ng]) in water or another
gPCR-compatible diluent. (4) Combine the
reaction components (refer to Table 2) in a
non-stick, sterile tube on ice. Mix gently after
each addition. Carefully pipet the reaction
volumes into the plate while keeping it on ice.
(5) Transfer the plate from ice to the pre-
programmed instrument and start the run
immediately. (6) Once the run is complete,
collect and analyze the data.

Table 2: Preparation the solutions for Real-Time PCR

Components Concentration Volume (20ul)
GoTaqTM gPCR master mix, 2X 1X 10 ul

Forward primer 10 puM/pl 2ul

Reverse primer 10 pM/ul 2 ul
GoScriptTM RT mix for 1-step RT-gPCR 1X 0.4 ul

ddH20 - 3.6l

RNA template 250 ng 2ul

Table 3: Conditions for Real-Time PCR (In accordance with the GoTag® 1-Step RT-qPCR System

instructions)

Stage Ta (°C) Time Cycles
Reverse transcription 42 15 min 1
RT inactivation/Hot-start activation 95 10 min 1X
Denaturation 95 10 sec.
Annealing/data collection 60 30 sec. 40X
Extension 72 30 sec.
Dissociation 72 2 min 1X
RESULT same period between the treatment groups

In current study, the estimation of
levels of b-FGF and VEGF genes revealed
significant differences in mean values of these
growth factors (GFs) among the different
periods of each treatment group and at the
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themselves. (Table 4) shows that the mean
values of b-FGF gene at two weeks in control
group was (0.28 £ 0.016) and in ChNPs group
was (0.76 £ 0.034). It was significantly higher
in ChNPs group than in control group. At
eight weeks the mean values of b-FGF gene
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was in control group (0.90 + 0.037) and in
ChNPs group was (0.93 + 0.032), It was
higher in ChNPs group although, not
significant. As well as, the mean values of b-
FGF gene at 16" weeks was in control group
(2.02 £ 0.074) and in ChNPs group was (2.34
+ 0.1). At this period, it was higher in ChNPs
group without presence of significant
difference (P<0.05) between it and control

group.

The same table appeared there were
differences in mean values of these GFs
among the different periods of each treatment
groups. in control group at two weeks was

(0.28 £ 0.016), then increased at eight weeks
(0.90 + 0.037) with presence of significant
difference between these two periods, and it
continuous increased at week 16" (2.02
0.074) post-treatment with presence of a
significant differences (P<0.05) with the
values at two weeks and eight weeks.
Whereas, in ChNPs group, the mean values of
level of b-FGF gene at two weeks was (0.76 +
0.034), then, increased at eight weeks (0.93 +
0.032) with presence of significant difference
between these two periods and it increased at
16" weeks (2.34 + 0.1) post-treatment with
presence of significant differences (P<0.05)
between this periods and other tow periods.

Table 4: The means + SE values of b-FGF in control group and ChNPs group at different periods of

study post-treatment.

Group 2-week post treatment 8-week post 16-week post
treatment treatment
Group A C0.28+0.016 b B 0.90 + 0.037 A 2.02+0.074
Group B C0.76 £0.034 a B 0.93 +0.032 A234+0.1
LSD 0.683

Different capital letters mean significant differences (P<0.05) within group.

Different small letters mean significant differences (P<0.05) among groups.

Table 5 shows The mean values of
level of VEGF gene at two weeks was in
control group (2.69 £ 0.17) and in ChNPs
group was (5.34 + 0.18). At this period, it was
higher in ChNPs group with the presence of a
significant differences (P<0.05) between it
and control group. At eight weeks the mean
values of level of VEGF gene was in control
group (4.77 £ 0.33) and in ChNPs group was
(7.11 + 0.14). At this period, it was higher in
ChNPs group with presence of significant
difference between this group and control
group. The mean values of level of VEGF
gene at 16" weeks was in control group (6.04
+ 0.20) and in ChNPs group was (8.45 *
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0.29). At this period, it was significantly
higher in ChNPs group than in control group.

The same table showed that the mean
values of level of VEGF gene in control
group at two weeks was (2.69 + 0.17), then
increased significantly at eight weeks to (4.77
+ 0.33), while, it increased at 16" weeks (6.04
+ 0.20) post-treatment with presence of
significant differences (P<0.05) with the
values at two and eight weeks. Furthermore,
in ChNPs group, the mean value of level of
VEGF gene at two weeks was (5.34 = 0.18),
then it increased at eight weeks (7.11 + 0.14)
and increase again at 16" weeks (8.45 + 0.29)
post-treatment with presence of significant
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differences between the three periods with

each other.

Table 5: The means + SE values of VEGF in control group and ChNPs group at different periods of

study post-treatment.

Periods 2-weeks 8-weeks 16-weeks
Groups post treatment post treatment post treatment

Group A C269+0.17c B 4.77 £0.33b A 6.04 £0.20c

Group B C5.34+0.18b B 7.11+£0.14a A 8.45 £ 0.29a
LSD 0.72

Different capital letters mean significant differences (P<0.05) within group.

Different small letters mean significant differences (P<0.05) among groups.

DISCUSSION

The current study highlights dynamic
changes in b-FGF and VEGF gene expression
throughout the healing process, with
significant variations among the treatment
groups. In ChNPs group, the highest increase
in  b-FGF levels, indicating enhanced
fibroblast activity and ECM, which are crucial
for  scaffold integration and  tissue
regeneration. Conversely, ChNPs group
exhibited the highest levels of VEGF,
suggesting a stronger angiogenic response,
essential for supplying nutrients and oxygen
necessary for tissue repair and regeneration.
These findings underscore the differential
impact of the treatments on growth factor
regulation and tissue healing. These findings
are consistent with previous studies indicating
that the regulation of GFs like b-FGF and
VEGF is critical for effective tissue
regeneration and healing [24]. Additionally,
previous studies have highlighted that GFs
such as b-FGF are vital for coordinating
biological processes required for tissue
regeneration, including wound healing [25].
Al-Ebadi and Al-Bayati [26] emphasized that
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the levels of FGF and VEGF in BP and UBM
implants vary and are released after
implantation. This releasing occurs due to the
degradation of the bioimplants, driven by the
infiltration of inflammatory cells like
monocytes and macrophages. These cells bind
to ECM proteins, initiating phagocytosis and
subsequently breaking down ECM fragments
through proteolytic and collagenase enzymes
produced by the inflammatory cells [26].
Reing et al. [27] referred that GFs are retained
in the biomaterials, especially (b-FGF, VEGF,
and Transforming Growth Factor Beta 1
(TGF-B1), and liberate them during the
gradual degradation of biomaterials [27].

Fish ADM has demonstrated significant
potential in enhancing wound healing due to
its unique composition, which includes
structural and biochemical components
crucial for tissue regeneration. These
components include glycosaminoglycans
(GAGS), proteoglycans, fibronectin, collagen,
and omega-3 fatty acids. Fibronectin and
collagen in fish ADM promote cell adhesion
and proliferation, facilitating the activity of
fibroblasts and endothelial cells essential for
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synthesizing and releasing GFs [28,29,30].
GAGs, proteoglycans, and fibronectin in the
ECM provide structural support and
biochemical signals for cell adhesion,
proliferation, and differentiation, which are
vital for upregulating GFs during wound
healing [31,32,33]. Collagen, primarily types
I and I, supports cellular activities and
enhances the mechanical properties of the
matrix, aiding the migration and proliferation
of fibroblasts and endothelial cells necessary
for FGF and VEGF production [34,35].
Omega-3 fatty acids in fish ADM enhance
angiogenesis by  upregulating VEGF
expression, providing necessary nutrients and
oxygen to regenerating tissues, thus

supporting effective wound healing [31,23].

While, in ChNPs group, further
enhancing wound healing due to the
incorporation of ChNPs to the scaffolds
which provide a controlled and sustained
release of GFs, maintaining their bioactivity
and stability over time. This ensures a
continuous supply of GFs at the wound site,
promoting  angiogenesis  and  tissue
regeneration.  The  controlled  release
mechanism of ChNPs makes them highly
effective in delivering GFs like FGF and
VEGF, which are critical for wound healing
and tissue repair. ChNPs stimulate the activity
of various cell types, including fibroblasts and
endothelial cells, which are crucial for the
production and release of FGF and VEGF.
This stimulation supports the proliferation

and migration of these cells, enhancing tissue
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repair processes [36,37]. As well as, Mawazi
et al. [38] found that the inherent
biocompatibility and bioactivity of chitosan
nanoparticles  significantly enhance the
effectiveness of scaffolds used in tissue
engineering.  Chitosan  supports  crucial
processes such as cell adhesion, proliferation,
and differentiation, which are vital for the
upregulation of GFs like FGF and VEGF.
These interactions are essential for successful
tissue regeneration and healing [38].

In the present study, the elevated
levels of b-FGF and VEGF genes in the
hernia site tissues at two weeks post-treatment
across both groups, with ChNPs group
showing high significantly of b-FGF and
VEGF levels, can be attributed to the
inflammatory response and the healing
process. This process involves the infiltration
of inflammatory cells that release b-FGF and
VEGF. Similar results were found by Gumaa
and AL-Bayati [39] who observed elevated b-
FGF and VEGF levels in hernia site tissues at
the 2nd week post-treatment using freshwater
and marine fish acellular dermal matrices in
bucks. Biomaterials have the capability to
modulate the various stages of the healing
response Dby shifting the process from
inflammation to constructive remodeling and
functional tissue restoration [39]. This
modulation supports the transition from an
initial inflammatory phase to a phase where
constructive tissue remodeling and functional
recovery are promoted [40,41]. Mahdi and
AL-Bayati [42] mentioned that surgical
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wounds are characterized by a rapid early
angiogenesis and repair, that is mediated in
part by b-FGF, which can be selectively
released by cellular injury, in addition to, the
tissues and platelet are stores the b-FGF and
act to deliver it in the site of injury for help
initiate wound repair [42]. The gradual
increase in b-FGF levels in tendon wound
healing from 5 to 30 days post-operation due
to the presence of inflammatory cells during
this healing phase. He also noted that the use
of biological materials in wound healing leads
to an earlier increase in b-FGF levels at the
wound site. This effect is attributed to the
ability of biological materials to attract
inflammatory cells, which in turn secrete GFs
at the injury site [43,44].

Newly formed granulation tissue requires a
vascular supply to meet its metabolic needs,
initiating angiogenesis at the injury site. Cell
disruption and hypoxia, key features of tissue
injury, strongly induce angiogenesis factors.
FGF released from disrupted cells, have
potent angiogenic effects [45]. Hypoxia
stimulates macrophages to produce VEGF,
which lead to the formation of new
endothelial cells and capillaries at wound
edges. Additionally, nitric oxide (NO)
promotes VEGF production and aids
granulation tissue formation by triggering
endothelial cell migration, proliferation, and
differentiation [46,47]. Karaman et al. [48]
noted that the activity of VEGF increases
significantly after the inflammatory phase,

KJV M S, 2025, Vol. 16, No. 1

particularly during the proliferative and

remodeling phases of wound healing [48].

In the current study, b-FGF and VEGF
levels continued to increase in both group at
eighth and 16" weeks post-treatment. Group
B consistently exhibited significantly higher
b-FGF and VEGF levels. This suggests that
the degradation of the implant continued to
increase at these time points, leading to the
release of substantial amounts of b-FGF and
VEGF during this period of the study. These
results align with the findings of Al-Ebadi
and Al-Bayati, who noted that GFs are
retained in biomaterials and are gradually
released during the degradation of these
materials post-implantation. This process is
further facilitated by infiltrating inflammatory
cells, which bind to implant proteins and
stimulate  phagocytosis.  The  resulting
proteolysis and collagenase activity from
these inflammatory cells lead to the
breakdown of implant fragments, thereby
releasing additional GFs [26]. The GFs which
released during implant degradation, exert
their biologic effects as they are dissociated
from their binding proteins and activated,
where the process of implant degradation and
releasing of GFs continue until the implant is

completely degraded [49,50].
CONCLUSION

Molecular analysis revealed significantly
higher b-FGF and VEGF gene expression in

ChNPs group when compared to control

20



A. A. Al-Musawi and A H. AL-Bayati

group, particularly at week 16th post-
treatment.
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