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Skin wound tegrity of the skin following trauma caused by an accident or an in-

tentional surgery. The characteristics of hydrogels, such as their high

moisture content, ability to act as a barrier against bacterial infections,
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rier transform infrared (FTIR) spectroscopy. Furthermore, the wound

healing in rabbit skin was evaluated. All formulas showed good results
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Skin plays a crucial role in the immune system of
humans since it serves as a protective barrier be-
tween internal organs and the outside environment.
Burns, surgical procedures, or trauma that harm the
skin can result in significant bacterial infections and
other health issues, including inflammation, dermal
maturation, and even the potential for blood poison-
ing.! Wound healing is a required response to tissue
injury. The complex physiological processes of re-ep-
ithelialization, granulation tissue formation, and tis-
sue remodeling are sequential steps of inflammation
and tissue repair.? These complex processes of cel-
lular and biochemical interactions involve a variety
of cells, including keratinocytes, fibroblasts, and en-
dothelial cells.?

Clinically, wounds are typically dressed with fib-
ers, gauze, hydrogel dressings, medical films, etc.
Hydrogel dressings, among them, have impacts on
extra secretion absorption, facilitate gas exchange,
and produce a moist environment for wound heal-
ing.* Because of their remarkable biodegradabili-

ty, nontoxicity, and biocompatibility, hydrogels are
widely used in the pharmaceutical and biomedical
industries. More interest has been given to hydro-
gel systems based on polysaccharides of natural
polymers, such as chitosan, alginate, cellulose, dex-
tran, hyaluronan, and carrageenan.’ There are also
numerous hydrogels for use on wounds that are
derived from cellulose and its byproducts. The cel-
lulose- and chitosan-based biopolymer hydrogels
have proven to have excellent properties for the
treatment of wounds. Intriguing mechanical charac-
teristics, such as good elasticity, flexibility, compres-
sive stresses, an improvement in Young’s modulus,
and tensile stresses, were demonstrated by the hy-
drogels cross-linked with synthetic polymers. These
characteristics are helpful in wound management.®
In addition to having a 3D network structure and a
high-water absorption rate when swelling in water,
hydrogels are hydrophilic polymers.” Because of
their distinct physical characteristics, hydrogels can
shelter labile medicines from deterioration, enable
controlled disintegration, and control the release of
a variety of actives, including cells, macromolecules,
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and small-molecule drugs. Therefore, hydrogels are
suitable for use in various systems for drug delivery,
wound dressings, hygiene products, and regenera-
tive medicine due to their unique capacity to resolve
several formulation- and drug-related challenges.®

Cellulose derivatives have a healing impact on
wounds whether they are used alone or in combina-
tion with other natural, semi-synthetic, and synthet-
ic polymers.” The fundamental advantage of mixing
two or more biopolymers is the improvement of the
resultant dressing’s physicochemical properties,
which also aid damaged tissue. These biopolymers
can be used successfully as a base for a variety of for-
mulations due to their high gelation properties. The
exudates at the site of the lesion can be efficiently
absorbed and retained by cellulose derivatives.’ Hy-
droxypropyl methylcellulose (HPMC) is a cellulose
ether that has been used as a hydrophilic gel matrix
in drug formulation and delivery due to its non-tox-
ic nature, good bio-adhesive properties, viscosity
enhancement, and tolerance to high levels of drug
loading.'?

A class of synthetic polymers known as carbomers
that are manufactured from acrylic acids are readi-
ly available in the market. Carbomer has long been
employed as a primary medication carrier for trans-
dermal administration. It offers the benefits of high
viscosity, high drug compatibility, strong heat stabil-
ity, and great tissue compatibility.!*1?

The present study was conducted to create wound
healing hydrogel utilizing carbopol 934 and hy-
droxypropyl methylcellulose (HPMC) for better ther-
apeutic results.

Materials and methods

Source of chemicals. The polyacrylic acid polymer
(carbopol 934) was purchased from HIMEDIA Labo-
ratory (India), and HPMC was obtained from Merck.
All of the chemicals were of analytical grade and
were not further purified before usage.

Formulation method. Formulas were prepared by
dispersing either carbopol 934 (F1) or HPMC (F3)
in a certain volume of phosphate buffer solution (pH
7.5) followed by mixing using a magnetic stirrer un-

44

RESEARCH ARTICLE

Table 1. Composition of wound healing gel formulas

Formulas | Carbopol 934 % | HPMC%
F1 1 --
F2 1 1
F3 -- 1

Table 2. pH measurementof the formulas

Formula | pH (mean+SD)
F1 4.64+0.04
F2 4.15+0.03
F3 3.96+0.02

mean+SD, (n=3)

Table 3. Spreadability of selected formula at different speed

Formulas | Spreadability (cm)
F1 6.5+0.68

F2 7.45+0.36

F3 -

mean+SD, n =3

til uniform dispersion of final concentration of 1%
was obtained. The resultant mixture was left for 24
hours to ensure complete swelling of the polymer.
For F2, which contain 1% of carbopol 934 and 1%
of HPMC, the amount of carbopol 934 was added to
the HPMC dispersion, mixed into the solution, and
then allowed to sit for an additional 24 hours to
completely swell and dissolve. Using a glass rod, the
final translucent formula was simply mixed to create
a homogeneous mixture. Each formula was packed
into a tightly closed container and stored between
5-8°C until subjected to further evaluation. The for-
mulations are depicted in Table 1.

Evaluation

Physical characterization. All formulations were
evaluated for clarity, colour, and organoleptic prop-
erties.

pH measurement. One gram of each formula (F1 or
F2) was diluted with purified water up to 10 ml and
then pH was measured using a pH meter, while F3
was directly measured.
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Figure 1. Wound incision in rabbit

Spreadability test. To test the spreadability of the
hydrogel formulations (F1 and F2), 0.5 g of hydrogel
was sandwiched between two 20 x 20 cm horizontal
plates. Then, 5 g of a standardized weight was placed
on the upper plate and left for roughly 5 minutes,
after which no further spreading was anticipated.
Spread circle diameters were measured in centi-
metres and used as benchmarks for spreadability.
Measurements were made in triplicate.

describe the flow behaviour of the formulas.

Fourier transform infrared (FTIR) spectroscopy.
Samples of each pure polymerin addition to a com-
bination of carbopol and HPMC in 1:1 ratio were
examined using FTIR spectroscopy to exclude any
chemical interactions in the preparations.

Determination of wound healing potential in rabbit
skin. The care of the animals used in this study and
all treatment protocols were carried out according
to the University of Mosul’s animal ethics guidelines.
At the University of Mosul’s animal house, 12 healthy
domestic male rabbits, each weighing 2 + 0.5 kg were
obtained. In an adequately air-conditioned area with
12-hour light and dark periods, all the animals were
properly caged, fed a standard meal, and given un-
limited access to water. An intramuscular injection of
40 mg/kg ketamine and 4 mg/kg xylazine was given
to each rabbit to induce anaesthesia.’* Throughout
the procedure, more sedation was given as needed.
After 5 minutes, total anaesthesia was achieved. Each

Figure 2. Scanning electron microscopy images of prepared formulas

Scanning electron microscopy. The gel formula-
tions (F1 and F2) and the F3 liquid formulation were
lyophilized by a freeze dryer and then the surface
morphology of the formulas were examined using an
8 KV scanning electron microscope (EVO 10 ZEISS
GERMANY).

Rheological testing. An NDJ-8S viscometer was
used to assess the rheological properties of each for-
mulation using L4 and L1 spindle types at different
shear rates ranging from 1.5 - 30 rpm. Each meas-
urement was carried out in triplicate. At increasing
shear stress, the dynamic viscosity was measured to

linear incision on the back of each rabbit measured
1 cm in length and 0.5 cm in depth as illustrated in
Figure 1. The wound was visible. The animals were
divided into four groups of three rabbits each. Group
1 animals acted as the negative control group and
were not handled. Groups 2, 3, and 4 received F1, F2,
and F3, respectively. After the incision was made, the
formulas were applied to it twice daily. The potential
of wound healing was determined by comparing his-
tologically the wound area healed on corresponding
days with the negative control groups. The duration
of epithelialization was noted.
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Figure 3. Viscosity of formulas at 1.5 rpm
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Figure 4. Viscosity versus shear rate of formulas
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Histological assessment. One rabbit from each
group was sacrificed, and skin samples were taken at
1-, 3-, and 7-days post-wound induction. Hematoxy-
lin-eosin was used to stain the central region of the
underlying tissue after it had been preserved in 10%
buffered formalin. A magnification power of 40x and
100x by light microscope were used to examine the
impacts of treatments on histological structure. Two
pathologists conducted a double-blind histological
investigation.

Statistical analysis. The experimental data were
analyzed using the Sigma Plot software program
for statistical analysis. Histological scores of the
inflammatory cell’s infiltrations, granulation tissue
formation, and re-epithelialization were done by pa-
thologists and analyzed statistically by Kruskal-Wal-
lis One Way Analysis of Variance on Ranks test and
Pairwise Multiple Comparison Procedures (Tukey
test) at p<0.05.

Results and Discussion

Physical characteristics of prepared formulas. Two
of the prepared formulas (F1 and F2) were gels,
while F3 was liquid. This is because F1 and F2 con-
tain carbopol, which in an aqueous solution exhib-
its a sol-to-gel shift as the pH is increased above its
pKa.'* The formulas were examined macroscopical-
ly for the existence of structures that could be seen
with the naked eye. The formulas were homogenous,
lump-free, and without any roughness. The prepared
formulas were clear and transparent.

pH of prepared formulas. Table 2 shows the pH of
each formula. The un-neutralized carbopol 934 gel
dispersions had an acidic pH, as was to be predict-
ed. To improve healing, it was determined that low-
ering the pH of wounds would be a useful strategy
to reduce protease activity.!> Acidification of skin
wounds can accelerate epithelialization and heal-
ing.'® Because they successfully lower the pH of the
wound surface, the use of these formulas can have a
beneficial effect on the wounds healing process.

Spreadability test outcome. Table 3 displays the
results of the spreadability test for two different F1
and F2 gel formulas for wound healing. Both formu-
las showed good spreadability results. Spreadability,
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Figure 5. Photographic shots of wounds in control group (C) and treated groups results at days 1, 3, 7

post-wounding using a digital camera

which influences how readily the preparation can
be spread to the skin, is crucial in skin treatments.
Greater viscosity, which results in less spreadability,
will make the preparation more challenging to apply.
Unwantedly, a viscosity or spreadability that is too
low or high, respectively, will shorten the retention
time on the skin’s surface.

Scanning electron microscopy analysis. The SEM
micrographs of F1, F2, and F3 are shown in Figure 2.
Both carbopol and the combined HPMC/carbopol re-
vealed a clearly defined and connected porous struc-
ture. It was found that the combination of carbopol
and HPMC created a structure like a sponge with un-
even pore sizes ranging between 100 and 200 pm.
Pore size is regarded as an indication of the gel’s
ability to absorb more exudate and so prevent fluid
collection at the wound site. This effect results from

the ability of larger pores to accommodate more flu-
id.'” F3 on the other hand seems to have a compact
structure devoid of a network of pores.

Rheological test outcome. Viscosity is an important
factor in the quality of topical products, as it affects
their retention time. Figure 3 shows the results of vis-
cosity experiments for the formulations for wound
healing. F1 and F2 demonstrated satisfactory viscos-
ity properties. Low viscosity is undesirable since it
will reduce the retention time on the skin’s surface.
Therefore, it is imperative to have optimal viscosity
values.’ The test results show that all formulations
except F3 have good viscosity properties. F3 has low
viscosity because it contain 1% of hpmc alone. Lack
of occlusive coating, difficult spreading, and insuf-
ficient spreading are all effects of the preparation’s
insufficient viscosity. The longer the preparation is
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Figure 6. The histological Scores mean at day 1, 3 and 7 of the study period

left on the injured area, the more the region is shield-
ed from outside influences, and the preparation it-
self can create a barrier.’ It is important to detect
whether the rheological behaviour of the gel formu-
las is Newtonian or non-Newtonian. The formulas
encoded as F1 and F2 show a non-Newtonian shear
thinning effect, while F3 exhibits Newtonian behav-
iour as presented in Figure 4. The shear thinning ef-
fect of F1 and F2 is important, which will facilitate
the ease of removal of gel from the container by sim-
ple pressure application and also aid in dispersing
the formulation to the skin.

FTIR spectroscopy analysis. The FTIR spectrum re-
vealed HPMC-specific peaks. The peaks at 2867 and
above 3450 indicate the existence of hydroxyl group
(OH) stretching, and C-H group stretching. Also, there
is a peak at 1048 that shows C-O group stretching.
A peak in the FTIR spectra between 3000 and 2940
represents the OH stretching vibration. The carbon-
yl stretching (C=0 stretching band) is shown as a
prominent peak of about 1700-1701 cm™'. The FTIR
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spectrum of the HPMC/carbopol mixture shows that
HPMC maintains its peak at 1048 cm™ while car-
bopol maintains its unique peak at 1702 cm™.2° The
lack of new peaks or a shift in the prominent charac-
teristic peaks suggests that HPMC and carbopol are
chemically compatible and can be combined into a
single composition without any significant issues.?!

Histological observations. The histological evalu-
ation was carried out post-wounding on days 1, 3,
and 7. The histological scores is shown in tables 4
and 5. Healing began to take place on the first day of
post-wound induction in test groups. At the end of
the treatment phase (7 days), as shown in Figures 5
and 6, the lesions treated with the formulations had
a greater decrease in incision area than the control
group.

On day 1 post-wounding (Figure 7), the control
group showed a wide wound site (<) with the de-
struction of the epithelium layer of mucosa, severe
inflammatory exudate, and inflammatory cell infil-
tration (score 3) (—). The F1 group showed a deep
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Figure 7. Histological sections of rabbit skin for the negative control, F1, F2, and F3 groups at 15t day
post-wound induction. H&E stain, (upper panel: 40X), (lower panel:100X).

Control F1

E2 F3

Figure 8. Histological sections of rabbit skin for the negative control, F1, F2, and F3 groups at 3™ day
post-wound induction. H&E stain, (upper panel: 40X), (lower panel:100X).

wound site (<) with moderate inflammatory ex-
udate and inflammatory cell infiltration (score 2)
(=). The F2 group showed a wide wound site (&)
with destruction of the epithelium layer of mucosa
and moderate inflammatory exudate and inflamma-
tory cell infiltration (score 2) (—). Meanwhile, the
F3 group showed a narrow-wound site (<) with

destruction of the epithelium layer of mucosa, mild
inflammatory exudate, and inflammatory cell infil-
tration (score 1) (=). As shown in Figure 8, on day 3
post-wounding, the control group had a wide wound
site (<) with the destruction of the epithelium layer
of mucosa and severe inflammatory exudate, inflam-
matory cell infiltration (score 3) (=), and re-epithe-
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Figure 9. Histological sections of rabbit skin for the negative control, F1, F2, and F3 groups at 7*h day
post-wound induction. H&E stain, (upper panel: 40X), (lower panel:100X).

lialization (score 1) (=). The F1 group had a wide
wound site (<) with inflammatory exudate, inflam-
matory cell infiltration (score 2) (=), granulation
tissue (score 2) (=), and re-epithelialization (score
1) (=). The F2 group had a wide wound site (<),
mild inflammatory exudate with inflammatory cell
infiltration (score 1) (—), granulation tissue (score
2) (=), and re-epithelialization (score 2) (=). The F3
group had a narrow-wound site (<) with destruc-
tion of the epithelium layer of mucosa and mild in-
flammatory exudate with inflammatory cells infiltra-
tion (score 1) (=), granulation tissue (score 2) (=)
and re-epithelialization (score 2) (=).

Figure 9, at day 7 post wounding, the control group
showed a wide wound site (<) with destruction of
the epithelium layer of mucosa, inflammatory exu-
date and inflammatory cell infiltration (score 2) (=),
and re-epithelialization (score 2) (-=). The F1 group
showed a wide wound site (<) without inflamma-
tory cell infiltration (score 0), granulation tissue
(score 3), and re-epithelialization (score 2) (—). The
F2 group showed a narrow-wound site (<), without
inflammatory cell infiltration (score 0), granulation
tissue (score 2) (=), and re-epithelialization (score
3) (=) The F3 group showed complete wound site
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occlusion (<) without inflammatory cell infiltra-
tion (score 0), granulation tissue (score 3) (=), and
re-epithelialization (score 3) (=).

Dermal reconstruction can be assessed through
proliferation, remodeling, and maturation at the lo-
cation of the wound. The tissues from the control
group exhibited persistent inflammation, neutro-
phil, and polymorphonuclear cell infiltration until
day 7. On the other hand, control tissues from day 7
showed fewer fibroblasts, blood vessels, and modest
collagen deposition. Less blood vessel growth was
observed in wounds that had received F1 treatment,
along with a few of collagen bundles and a thin epi-
thelial layer. On day 7, the tissues that were exposed
to F2 showed a noticeable thick epithelial layer,
large blood vessels, macrophages, and fibroblasts.
On day 3, tissues from F3-treated wounds had more
fibroblasts, more collagen being produced, and a
thick epithelial layer. On day 7, the tissues had a high
percentage of red blood cells and many blood capil-
laries, which suggested a better angiogenic process.
At a later stage, the F2 and F3 groups showed the
best re-epithelization, and the wound was almost
completely closed by granulation tissue, with com-
plete healing in some areas.
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Table 4. The histopathological scores of the inflammatory cells infiltration, granulation tissue

formation, and re-epithelialization of the control and treatment groups as a Median mean at day 1,3

and 7of the study period

Histopathological criteria Groups Day 1 Day 3 Day 7
Control 3 3 2
Scores mean of the Inflammatory F1 2 2 0
cell infiltration F2 2 1 0
F3 1 1 0
Control 0 1 1
Scores mean of the Granulation F1 0 2 3
tissue formation F2 0 2 2
F3 1 2 3
Control 0 1 2
Scores mean of the Re- Fl 0 1 2
epithelialization 2 0 2 3
F3 0 2 3
Rating for inflammatory infiltration: (1) few, (2) moderate, (3-4) plenty.
Granulation tissue quantity: (0) absent, (1) scanty, (2) moderate, and (3) profound.
Re-epithelialization Scoring: (0) the re-epithelialization of the wound's margin, (1) Less than
50% of the wound has re-epithelialization, (2) More than half of the lesion has been re-
epithelialized, (3) Uneven width and complete re-epithelialization of the wound

- Data expressed as Median of the scores

- The difference letters mean there are significant differences between groups at p<0.05

Numerous cellular, physiological, and molecu-
lar processes must coexist for a scar to develop.
Three phases of skin recovery take place: inflam-
mation-induced wound debridement, formation of
granulation tissue, and remodeling, which leaves
a scar that resembles the surrounding skin and
creates tear-resistant tissue.?” The evaluation of

inflammation, the first stage of wound healing, is
essential in the study. Inflammation prevents infec-
tion brought on by the entry of foreign microbes. If
the inflammatory period is extended and harms the
nearby healthy tissues, the healing process will be
postponed. Inflammation needs to be reduced for
incisions to recover properly.?® This observation is
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Table 5: Comparisons of the histopathological scores as inflammatory cells infiltration ICI,
granulation tissue formation GTF, and re-epithelialization RE between the control group and F1, F2,

F3 treatment groups at the same day.

Time period

ICI (P-value)

GTF (P-value)

RE (P-value)

1st Day 0.047* 0.012* 1.000
3rd Day 0.033* 0.012* 0.012*
7t Day 0.031* 0.036* 0.012*

Kruskal-Wallis One Way Analysis of Variance on Ranks test was used for the comparisons between

groups at p<0.05. (*): Significant difference.

in agreement with many studies, that describe the
anti-inflammatory and antibacterial effects of cel-
lulose derivatives.?* Azuma et al studied the anti-in-
flammatory effect of cellulose nanofibers against an
inflammatory bowel disease model and their study
revealed inhibition of colonic inflammation and re-
duction of tissue injury.?> Granulation tissue is one
of the parameters used to assess the wound healing
process. It is a perfused, flexible connective tissue
that develops from a wound’s base and can cover
incisions of almost any size. Type I collagen grad-
ually replaces the type III collagen network that
initially makes up granulation tissue. It forms and
contracts as the lesion heals, and both processes
are essential for wound recovery.?®
Epithelialization of the wound, also known as
re-epithelialization, is a crucial and distinctive as-
pect of wound healing. It involves migration, prolif-
eration, and differentiation, which are three inter-
twined keratinocyte activities. The process begins
with the breakdown of cell-cell and cell-substratum
contacts. The newly formed epidermis is multilay-
ered, and gene products are induced during differen-
tiation to restore the epidermis’ functionality.?’

Conclusion
The findings of this study demonstrate that the

combination of HPMC and carbopol in a gel compo-
sition for wound healing results in formulations that
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satisfy several quality standards for the medicinal
product, including pH, spreadability, viscosity, and
wound healing activity. While F3 displayed good
wound healing activity but low viscosity, F1 demon-
strated good physical and rheological qualities with
low wound healing activity. F2, on the other hand,
demonstrated good physical and rheological proper-
ties along with good wound healing activity. O
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