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Tissue repair and regeneration depend on the synchronized phases of healing of
wounds. Angiogenesis plays a vital role in this process. Cellular activities within the wound
initiate angiogenesis from pre-existing vasculature, accelerating healing and repair. A delicate
yet strategic balance between pro-angiogenic and anti-angiogenic biomolecules by circulating
cells controls this process. Current studies suggest small molecules like drugs are under
investigation for their potential to induce angiogenesis and promote healing. This study is aimed
at investigating the efficacy of topical 5-amino salicylic acid (5-ASA), an anti-inflammatory
drug for wound healing through angiogenesis. A more precise evaluation of the physiological
processes underlying angiogenesis was achieved by employing chick chorioallantoic membrane
assay, zebrafish embryogenesis, and the rat polyvinyl alcohol (PVA) sponge implantation
model. Our findings showed that 5-ASA administration promoted angiogenesis across all three
models. In the CAM assay, 5-ASA promoted blood vessel development without causing damage
while, in the zebrafish model, embryos treated with 5-ASA sprouted more new blood vessels
in intersegmental vessels. After these findings, we corroborated these results in PVA sponge
implantation model; 5-ASA-treated groups exhibited enhanced cellular infiltration, collagen
deposition, and neovascularization relative to vehicle-treated controls. These findings suggest
that topical 5-ASA may offer a novel therapeutic approach to wound healing.
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Deprived wound healing affects billions of
individuals around the world regularly.! A wound is
apathophysiological condition characterized by the
loss of tissue structural integrity because of physical
or chemical stress. Wound healing is a sequential
process that comprises chemotaxis, followed
by cellular infiltrations, and that propagates
physiological consequences.? The different phases

of healing involve haemostasis, inflammation,
cellular proliferation, and last, remodeling.?
Depending on the wound, the rate of healing varies.
Hence, complete wound closure in this healing
process may take 3 to 14 days. Spontaneous wound
healing is influenced by factors such as nutrition,
timely secretion of biological molecules, presence
of comorbidities, and availability of oxygen at the
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wound site.* Consumed antioxidants and vitamins
may have a favourable effect in preventing free
radicals and preventing additional tissue damage,
demonstrating a tissue-protective function.>®
However, co-morbid conditions, Smoking, alcohol
consumption, unbalanced diet and age, can interfere
with the healing process and are averse to healing.”
Reports suggest that therapy which include anti-
inflammatory drugs, steroids and antibiotics may
exhibit both beneficial and detrimental effects in
the healing process.

Globally, a primary therapeutic
challenge involves the management of acute and
chronic wounds. For symptomatic alleviation in
patients, the first two phases of haemostasis and
inflammation are usually targeted. In the clinical
setting, a split-thickness autograft is frequently
used to heal persistent wounds. However, there
are several limitations, including severe donor site
morbidity, infection, and discomfort.® We could
deduce that the time to recover depends on the
wound healing process’s sequential progression.®!'
The healing process is inappropriate if each phase
takes longer than it should, which typically results
in dysfunctional scar tissue. For wound healing
to be effective, quantities of released chemical
mediators are required. Excessive proliferation
and maturation, resulting in hypertrophic scarring
and faulty skin remodelling, can be caused by
an inordinate number and irregular release of
inflammatory mediators.'!

Angiogenesis is a term that defined as a
biological process of the formation of fresh blood
vessels from existing vasculature and is vital in the
wound healing. The term angiogenesis was coined
in the year 1787 by Dr. John Hunter. Angiogenesis
stimulation by small molecules has been studied
for wound healing. This starts with the wound
site’s underlying blood vessel cells proliferating.'?
Following angiogenesis, depending on the type
of biomolecules involved, rapidly dividing cells
undergo cellular differentiation and maturation."
This process is regulated with the initial action
of pro-angiogenic factors released by various
circulating cells like platelets, Macrophages,
etc. followed by the release and action of anti-
angiogenic factors to prevent further growth that
might harm the body. An imbalance between these
two factors can lead to a pathological condition
such as cancer.' After an injury, the level of
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pro-angiogenic factor rises until the maximum
capillary content is reached, after which it falls to
undetectable levels.

Growth factors are one of the potent
mediators of intracellular communication that
influence cellular proliferation, migration,
differentiation, and maturation. For angiogenesis,
several biomolecules often start this process.
Vascular endothelial growth factor stands out
among other molecules in its importance for
angiogenesis via receptor interactions. Out of
3 subtypes, the VEGF-2 receptor (VEGFR-2)
mediated action is recognized to be the most
potent for cellular growth and differentiation.
This receptor comprises one transmembrane
region, seven Ig-like extracellular domains, and
a tyrosine kinase sequence from the intracellular
area by a kinase-insert domain. Through a PKC-a
dependent pathway, any activating ligand bound
to the VEGFR-2 stimulates PLC-a and starts Erk
phosphorylation and proliferation. PLC-3 attaches
to the phosphorylated Y 1175 in the C-terminal
tail of the receptor and becomes phosphorylated,
which increases the catalytic activity of PLC-a.
The second messenger molecules of inositol
1,4,5-trisphosphate (IP3) significantly increase the
intracellular Ca** concentration and diacylglycerol
(DAG) activates Protein kinase C downstream for
angiogenesis. Indeed, a study reports that mice
lacking PLC-a cannot experience vasculogenesis
and erythropoiesis in their embryos, which
die on E9.0, a time when no vasculogenesis
or erythropoiesis exists, underlining a role for
PLC-3 in angiogenesis. PLC-3 is also essential
for arterial development, according to a recent
study of zebrafish mutants.'””> PLC-a defective
zebrafish embryos do not respond to exogenous
VEGF, showing that PLC-3 is involved in the
VEGF function. Researchers are exploring
repurposing the drugs such as cinnamaldehyde,'®
simvastatin,'”!® and salvianolic acid.!*?° could
promote angiogenesis by targeting VEGFR-2
via the MAPK/Erk pathway. The researchers
report that 5-ASA down regulates antiangiogenic
factors but were not clear on which factors will
be responsible for the initiation of angiogenesis.?'
With this in mind, we proposed the hypothesis
that 5-ASA may influence wound healing through
angiogenesis. This angiogenesis effect may be
achieved by binding to the growth factor receptor,
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specifically VEGFR-2 receptor. Our previous
studies have exhibited the wound healing potential
of 5-ASA in animal models.? In this study, we have
explored the mechanism and pathway of 5-ASA
to induce angiogenesis in the wound healing and
repair.

MATERIALS AND METHODS

Drugs and Chemicals

5-Aminosalicylic acid was purchased
from Himedia, Pvt. Ltd. India. Fertilized eggs
were acquired from the Poultry Research Station
in Madhavaram, Chennai. Medical-grade polyvinyl
alcohol (PVA) was supplied by Agarwal Enterprises
of Dehradun, Uttarakhand.
Experimental animals

The in vivo study was evaluated using
Wistar Rats and Transgenic Zebrafish. Wistar
Rats was acquired from the Central Animal House
facility, JSSCP Ooty and the Transgenic Zebrafish
were acquired from NITTE NUCSER, Mangalore.
Wistar albino rats weighing between 180-220 g
were kept apart in standard cages (groups of six in
a cage). Experimentation was done after a period
of quarantine. The embryos of transgenic zebrafish
of the strain Fli: GFP were used for angiogenesis
study. Green fluorescent protein is denoted as
GFP and Fli represents proto-oncogene, ETS
transcription factor.”** Institutional Animal Ethics
Committee number- JSSCP/OT/IAEC/50/2019-20
dated 29th February 2020 approved all the studies.
Chicken Egg Chorioallantoic Membrane Test
for evaluating angiogenesis

Chorio allantoic membrane (CAM)
of White Leghorn fertilized eggs is a widely
used and recognized method for examining the
angiogenesis and anti-angiogenic potential of
small molecules. The CAM assay procedure is
useful because of its versatile and rapid nature
of formation of membrane within 4-5 days of
embryonic development. Previous studies have
used this protocol to study angiogenesis. After
being collected, the eggs were incubated at 37 ©
Celsius for 8 to 9 days. The air sac of each egg
shell was then exposed through using sterilized
scissors performing an incision on upper side of
each egg shell. A small amount of light liquid
paraffin was gently applied with cotton swabs to
expose the chorioallantoic membrane, to make the
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vascular system of the egg more visible. Different
concentrations of 5-ASA (20ul, 40ul, 60 pul, 80ul)
were prepared using DMSO. The chorioallantoic
membrane of chick embryos was treated with
different concentrations of the drug solution.
After application of drug solution, the eggs were
observed at different time intervals. Image analysis
was used to quantify the angiogenesis.
Evaluation of angiogenic potential of topical
5-ASA using transgenic zebrafish model

Transgenic Zebrafish exhibiting
fluorescence in blood vessel cells is a developing
model to study angiogenesis in different
pathological conditions.?*?” The transgenic
zebrafish line Tg (flil: EGFP) y1 is a valuable
tool for studying angiogenesis, which exhibits
green fluorescence in the endothelial cells. Two
male and one female fish were used for each
mating procedure. The embryos were collected and
checked for cell division. The embryos whose cells
did not proliferate were removed. Dechorionation
was done after transferring healthy embryos to E3
medium. Later, the embryos were transferred to
a 12 well plate, each containing 5 embryos in the
E3 media. The embryos were dechorionated, and
were exposed to the drugs concentrations selected
and were incubated at 28.5° C. The sample size
was 20 embryos per group (n=20). Stock solution
of 5-ASA and its analogue in the concentration
of 50,000 ppm was prepared in DMSO. At 24
hours post fertilization (hpf), 0.1ml of varying
concentrations —20 ppm, 40 ppm, 60 ppm and
80 ppm were administered to the control group.
Fluorescence imaging observation was performed
for 72 hpf'in the Intersegmental vessels (ISV). The
visual screening was done with the help of Zoe’s
fluorescent cell imager. The embryo was examined
for viability, morphological defects, heart rate, and
circulation. Using ImageJ, the vascular changes and
the overall length of the ISV were determined.
Evaluation of angiogenic potential of 5-ASA
using polyvinyl alcohol sponge implantation in
Wistar rats

Polyvinyl alcohol (PVA) sponge
implantation is a model used to study angiogenesis.
The significance of this method is that it can
evaluate the different cellular infiltrations during
the wound healing process and can be used as an
evaluating tool for angiogenesis by visualising
the connective framework of the newer blood
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vessels formed over the sponge. This model has
great alterability and gives reproducible results.?
Rats serve as a great model for studying skin
wound recovery. A subcutaneous muscle called the
panniculus carnosus exists in rats, and it helps the
skin recover by contracting and producing collagen.
Anaesthesia with ketamine at 60 mg per kg body
weight and xylazine at 12 mg per kg body weight
was administered intravenously. Following the
removal of hair from the dorsal side of the body, the
skin was washed with 70% (v/v) ethanol. The skin
was incised for 1cm to show a subcutaneous pocket,
which was then cut open with a surgical blade. The
PVA sponge was subcutaneously placed in an air
pocket, then sutured back with a sterile suturing
needle and thread. Two similar sponges were
implanted on both sides of the mid-dorsal line.
Required postoperative care was provided until
full recovery. Experimental rats (n=6) were divided
into 4 groups comprises 6 animals each. The drug
suspension was injected into the implanted sponge.
Treatment Group I received vehicle Treatment
Group II received 5-ASA 250 mg per kg body
weight and Treatment Group III- received 5-ASA
500 mg per kg body weight for 14 days into
the sponge. After the study period, the implants
were taken out after euthanasia with Isoflurane.
The tissue in the sponge was homogenized
with 10 times cold 0.1 M PBS at neutral pH
(10% homogenate) for 18 minutes at 550 rpm.
Insoluble sponge was discarded. Residual tissue
suspension sample was centrifuged for 20 minutes

10 pgs/ml

20pg/ml

40pg/ml
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at 4UC at 9,000 rpm. Aliquots of the supernatants
were taken out and used. The total protein
quantification was done using the sonicated sponge
supernatant by the biuret process. Estimation of
total protein, hydroxyproline and hexosamine is
a strong indicator of collagen content and cellular
proliferation.” Tissues were hydrated, sectioned,
and mounted with an alcohol-based fixative on a
microscope slide. The slide was immersed in water
for one minute before being agitated by hand.
Then they were subjected to hematoxylin-eosin
staining,** Masson-Trichrome staining,*' and CD31
immune histological staining.*
Statistical Analysis

All numerical values in the tabulated data
are presented as mean = SEM. For the statistical
analysis of various biochemical parameters, One-
way analysis of variance (ANOVA) was done to
compare the drug treatment groups vs Vehicle
control with post-test module of Tukey’s multiple
comparison test using Graph pad Prism, V8.01
(San Diego, CA, USA). P-value less than 0.05 was
deemed statistically significant.

RESULTS

Chicken Egg Chorioallantoic Membrane Test
for evaluating angiogenesis

Fertilised egg’s CAM assay is a model to
study the angiogenic potential of different chemical
substances. The chorioallantoic membrane (CAM)
is a highly vascularized structure that facilitates

G0pg/ml

S0pg/ml

Fig. 1. Images of blood vessels growth in CAM (n = 5) with exposure of 5-ASA at 10 ig/ml, 20 ig/ml, 40 ig/ml,
60 ig/ml and 80 ig/ml on right-hand side compared with treated DMSO on left hand side
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nutrient provision, gas exchange, and waste
elimination of the developing embryo. This also
can allow the delivery of drugs to determine the
potential of its angiogenesis. The CAM assay
revealed a dose-correlated pro-angiogenic effect
of 5-ASA, characterized by significantly enhanced
blood vessel growth when compared to the
DMSO control group. Blood vessel destruction, a
consequence of DMSO administration, allows for
the assessment of treated egg’s relative angiogenic
potential. Figure 1 demonstrates that blood vessel
formation in chicken embryos increased after
5-ASA treatment at the concentrations between 60-
80 ig/ml. These research findings validate the ability
of 5-ASA to stimulate angiogenesis in this model.
Evaluation of angiogenic potential of 5-ASA
using the transgenic zebrafish model
Transgenic zebrafish line Tg (flil:EGFP)
yl is a valuable tool for studying angiogenesis.
Driver gene flil promoter is an oncogene that drives
the expression of enhanced green fluorescent protein
(EGFP) in the endothelial cells of vasculature of the
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zebrafish, allowing for the visualization of blood
vessels in live embryos. This action is mediated
through VEGF-2 receptor. Therefore, the EGFP
expression with the influence of drugs can be used
to analyze the blood vessel growth. Angiogenesis
was assessed by counting the number of complete
intersegmental vessels (ISV) at 72 hours post
fertilization (hpf) as shown in figure 2(A) & (B) and
performing a vessel analysis using ImageJ plugin.
The pro-angiogenic effect of 5-ASA treatment
became most prominent in transgenic zebrafish
embryos at an 80 iM dosage level, as it produced
a maximum enhancement of intersegmental
vessel formation. DMSO, as a negative control,
causes the destruction of blood vessels and hence
allows us to compare the angiogenic potential
of treated groups. As shown in fluorescence
imaging figure 2(C) and vessel analysis in figure
3 exhibit significantly higher ISV development
after administering 5-ASA to transgenic embryos
at significantly elevated in concentrations from
60-80 iM. A quantitative assessment supports

Fig. 2. Pro-angiogenic effect of 5-ASA on a transgenic model of Tg(fli-1:EGFP) zebrafish embryos after
72 hrs. (A) Pro-angiogenic effect observed in the transgenic model of Tg(fli-1:EGFP) zebrafish embryos in
Intersegmental vessel (Orange arrow) (B) Definitive fluorescence observed in endothelial cells of intersegmental
vessels in transgenic model of Tg(fli-1:EGFP) zebrafish embryos after 72 hrs (at 40x) (C) The Intersegmental
Vessels of the drug treated embryos with negative control- DMSO 5 iM & 5-ASA concentrations 20 iM, 40 iM,
60 iM, 5-ASA 80 iM concentrations.



1306
5-ASA’s angiogenic effect by VEGF-2 receptor

pathway activation, which leads to elevated EGFP
expression within transgenic embryos.

Intersegmental Vessel Length Analysis
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Fig. 3. Vessel length of blood vessel spouting in
Intersegmental vessel growth treated with 5-ASA at
20 iM, 40 iM, 60 iM and 80 iM and compared with

DMSO at 5 iM (n = 5). The data are represented

as mean + SEM. One-way ANOVA analysis was

carried out followed by Tukey’s multiple comparison.
*Treated vs DMSO;*Treated vs DMSO. P<0.05 vs
Control was considered statistically significant.
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Evaluation of angiogenic potential of 5-ASA
using PVA sponge implantation model in Wistar
rats

PVA sponge- a porous, artificial sponge
made of inert, non-biodegradable material. Sponge
is soft enough to be sectioned for histopathological
examinations and easy for tissue homogenization.
The model is used to analyze the effects of
drugs on granulation tissue formation, collagen
deposition, and wound repair. In this study,
the PVA sponge was injected with different
concentrations derived from previous studied
acute dermal toxicity study. Figure 4 (A) & (B)
shows PVA sponges exposed to 5-ASA treatment
showed increased weight values besides elevated
total protein content and elevated hydroxyproline
and hexosamine level, along with enhanced
neovascularization and collagen deposition
patterns as revealed by histological observations.
The PVA sponge implantation model shows that
5-ASA promotes substantial increases in cellular
infiltration alongside collagen formation and
neovascularization, whose effects depend on the
medication dosage. Figure 5 shows the results
from biochemical estimations and Figure 6 shows
the histopathological examinations that confirm
that 5-ASA produces pro-angiogenic effects
in living tissues, which strengthens its case for
wound healing usage.

Fig. 4. PVA sponges used (A) Sponges hydrated before Implantation (B) Excised sponges for analysis
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Fig. 5. Estimation of biochemical parameters from the homogenized wet sponges of the treatment groups
with vehicle treated groups (n=6). (A) Wet weight analysis of the sponge implants, (B) Total Protein, (C)
Hydroxyproline, (C) Hexosamine. The data are represented as mean + SEM. One-way ANOVA analysis was

carried out followed by Tukey’s multiple comparison. *Treated vs Vehicle Control. P<0.05 vs Control was
considered statistically significant.

(A)

control

(B)

Fig. 6. Histopathological examinations of the sponges of treatment groups with vehicle treated. (A) Hematoxylin
and eosin staining to observe collagen deposited stained pink in colour (B) Masson trichrome staining with
collagen deposited as blue color and muscle fibers as red colour in a circle as blood vessels (C) CD31 Immuno-
histological staining done specifically for angiogenesis as seen with blue circular blood vessels.
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DISCUSSION

Wound Care follows the principle of TIME,
which is tissue viability, inflammation/infection
extent, moisture imbalance and epithelial edge
advancement. In contemporary medical practice,
antiseptic, antibiotic, and anti-inflammatory agents
are employed in the management of wounds. In
addition, other strategies employed are growth
factor delivery, surgical debridement with wound
dressings, drug loaded scaffolds, self-forming
hydrogels, stem cell therapy, hyperbaric oxygen
therapy.

Wound healing is a multifaceted biological
process linking interfaces between different cells,
formation of extracellular matrix framework, and
interchange of chemical mediators. Numerous
treatments strategies have been employed.
However, recent studies show that applying
growth factors, stem cells externally, can enhance
angiogenesis and speed up healing. Yet, their use is
limited by expensive formulations, short half-lives
of such protein-based preparations, and potential
risk involved in off-target effects.*

Recently, research is intensive on
repurposing drugs by topical application for
treating acute and chronic wounds. In addition,
small molecule induced Angiogenesis has taken a
prominent stance in the wound healing process.*
Clinically used and FDA approved drugs such as
simvastatin, cinnamaldehyde are used for treating
wounds by angiogenesis.

Hence, topically induced angiogenesis
with small molecules like 5-ASA may be beneficial
for healing complex wounds.* They offer several
advantages over conventional formulations by their
chemical nature, their site- specific action, fewer
side effects because of lack of systemic action,
may offer additional effects to counter co-morbid
pathological conditions. Hence, by extensive
literature search, we identified 5-ASA as a potential
candidate for the hypothesis of our study. The
chosen drug 5-ASA is an anti-inflammatory drug
for treating colon diseases like Crohn’s disease,
ulcerative colitis. The advantages of 5-ASA are
that they are proven to treat UC locally without
systemic effects, can be given topically at a much
lesser dose, reported possessing surface-based
action on growth factor receptors.

Among the several implicated targets in
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wound healing, we identified that growth factor
receptors such as epidermal growth factor, platelet
derived growth factor, fibroblast growth factor
and vascular endothelial growth factor exhibit a
vital role in the healing process of wounds. In the
proliferative phase of wound healing, angiogenesis
is a critical step that oversees scar less healing.
Vascular endothelial growth factor and its receptors
are one of the major factors of angiogenesis.***” In
addition, early-stage angiogenesis is attained by
binding on VEGF Receptor 2 (VEGFR-2). Within
this receptor, ligands including vascular endothelial
growth factor (VEGF) and angiogenin bind and
interact with Ig-like sub-domains 2 and 3 (D2
and D3) of VEGFR-2. This triggers the activation
and trans-autophosphorylation of the tyrosine
kinase, which subsequently activates multifaceted
intracellular signaling pathways. These events play
a key role in regulating the proliferation, survival,
migration, and permeability of vascular endothelial
cells. The VEGFR-2 is a primary signaling receptor
present on the endothelial cells, uses the PLC a
mediated activation of Protein Kinase C pathway
for the development of newer blood vessels from
existing vasculature.*® This system is an important
target for pro-angiogenic therapy in treating
chronic wounds such as diabetic foot ulcers, burn
wounds.¥

A previous study suggests that
5-ASA stimulates epithelial restitution and
proliferation, enabling the quick repair of intestinal
integrity by an action through growth factor
receptors. In addition, 5-ASA being a BCS class IV
drug, could only possess superficial action rather
than systemic action. Therefore, we evaluated
the potential of 5-ASA by different methods for
determining probable molecular insights. By
experimental models, the effect of 5-ASA applied
in wound healing was studied for angiogenesis. All
the biochemical estimations and histopathological
examinations correlate with previous studies
conducted.**! They show wound healing action
by identifiable by biomarkers. However, the study
further warranted an insight into the molecular
aspect of healing, especially regarding whether the
drug was possibly acting through VEGF-2 receptor
mediated signaling. Hence, 5-ASA was studied on
the transgenic zebrafish model and PVA sponge
implantation models, which are specific tests to
identify VEGF-2 receptor-based action.
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Zebrafish (Danio rerio) is an evolving
model organism to study angiogenesis because of
its transparency during embryo and larval stages.*
Transgenic model of zebrafish used in this study is
the strain Tg (flil:EGFP). Green fluorescent protein
is denoted as GFP and Fli represents the proto-
oncogene, ETS transcription factor responsible
for angiogenesis through VEGF-2 receptors.
The results of 5-ASA induced angiogenic effect
on the blood vessels using fluorescence imaging
are comparable to a study.” Similarly, a study
conducted,* showcases the angiogenic potential
of curcumin nanoparticles in Zebrafish model and
by comparing the results obtained in their study of
vessel growth analysis, it indicates the angiogenesis
potential of the test drug 5-ASA.

Lastly, a recent study,*-*¢ stated that
the PVA sponge implantation model can be used
to study granulation tissue formation, collagen
deposition, and to analyze the effects of drugs on
wound repair. Biochemical estimations of Hydroxy
proline and Hexosamine levels, Masson trichrome
Staining,*” (collagen deposition in blue and blood
vessel formation in red colouration), presence of
blood vessels growth observed in brown coloration
in CD31 immunohisto staining,*®* (staining
specific for blood vessel growth) all corresponds to
potential angiogenic property of 5-ASA.> Results
from our experimental models encompassing
CAM, zebrafish, and PVA sponge implantation
display identical pro-angiogenic responses,
which confirm our hypothesis. CAM assay, while
useful for visualization, lacks the complexity
of mammalian wound healing environments.
Zebrafish research model continues to serve
as an important tool for VEGFR-2 mediated
angiogenesis study while failing to maintain several
characteristics of adult human tissue repair. PVA
sponge model offers improved realness to wound
healing condition, highlighting two potential
experimental challenges between diseased animal
responses and the implant’s impact on adjacent
cell environments. The results show that 5-ASA
enhances angiogenesis, although we need to
examine additional mechanisms which might
support these findings. It is possible to establish
the mechanism by studying molecular dynamics
of 5-ASA with VEGFR-2 and possible by studying
the expression of eNOS in HUVEC cell lines in the
future.
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The pro-angiogenic effects of 5-ASA may
be mediated by its antioxidant properties, thereby
fostering an environment conducive to endothelial
cell proliferation by mitigating oxidative damage
at the injury site. The potential future applications
of 5-ASA-based topical formulations such as
ointments and creams encompass the treatment of
diabetic ulcers, bone injuries, and other chronic
wounds.

CONCLUSION

The significant clinical challenge
of wound healing requires therapies that can
orchestrate cellular migration, angiogenesis,
and extracellular matrix remodelling for optimal
tissue repair. Recent data states that among the
drug induced signaling pathways of VEGFR-2,
protein kinase C mediated new blood vessel
growth was found to be more vital in the process
of wound healing. Our initial findings indicate
that 5-aminosalicylic acid exhibits angiogenesis
activity, suggesting its potential therapeutic use in
wound healing. To ensure the safety and efficacy of
future clinical applications, these promising results
necessitate further validation through sophisticated
wound model like diabetic ulcers and subsequent
human trials to optimize topical formulations.
Furthermore, development is needed for optimise
drug formulation and pharmacokinetic analysis
before clinical application is considered. The
mechanisms underlying angiogenesis, specifically
those involving VEGFR-2 pathways, require
further investigation which will help clarify the
angiogenesis mechanism.
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