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Abstract

Objectives: The present study aims to evaluate the heal-
ing effect of a new topical paste formulation on mucosal
wounds.

Methods: This study was conducted in 40 adult male
rabbits. The animals were divided into two groups: a
control group containing rabbits that were treated with
only Orabase paste (comprising olive oil and beeswax)
and an experimental group that included rabbits that
were treated with Orabase paste containing hyaluronic
acid, rosemary extract, and metronidazole. Each of these
groups was randomly divided into four groups according
to the observational period (post-treatment days 1, 3, 7,
and 15). Further, biopsy samples for histological exami-
nation were obtained from the animals’ oral mucosal
defects.

Results: We found that the new formulation (Orabase
paste containing hyaluronic acid, rosemary extract, and
metronidazole) had a stronger healing effect. The
inflammation and re-epithelization scores at 3—7 days for
the experimental group appeared superior in which (P-
values were 0.038 and 0.034 for inflammation and 0.046
and 0.025 for re-epithelization) respectively. Further-
more, the re-epithelization score on the 15th day for the
new formulation was significant (P 0.05), with the in-
flammatory response being milder.

Conclusions: Topical application of new paste formula-
tion provided good therapeutic results. The new formu-
lation was effective in resolving inflammation during
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specific phases of mucosal healing and significantly
advanced wound healing at different stages. It also
afforded a better healing response in terms of reduced
wound contraction.

Keywords: Hyaluronic acid; Metronidazole; Orabase for-
mula; Rosemary extract; Wound healing
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Introduction

Functional, active wound dressings can establish a moist
environment for wounds, protect against secondary in-
fections, eliminate wound exudation, promote tissue regen-
eration, as well as increase wound healing capacity.
Hyaluronic acid (HA) it has been demonstrated to take apart
in proving tissue regeneration and healing process.l HA or
hyaluronan is a substance which naturally present in the
human body. It is one of the essential elements of the
extracellular tissue matrix of connective tissue, synovial
fluid, and many other tissues.” It existence throughout all
mammals suggests that HA is a biomolecule of
considerable importance.3 Naturally, hyaluronic acid is a
polysaccharide macromolecule (straight-chain
glycosaminoglycan), from a biochemical viewpoint.4 Many
studies showed that HA may enhance wound repair by
reserve the damaged tissue through its anti-inflammatory
properties.i’*3 Moreover, HA is currently available in the
market in gel or liquid form at different concentrations and
under the commercial name Hyadent® for application in
dentistry for treating dental diseases such as gingivitis and
periodontitis.(’

HA is typically present in the bloodstream at low con-
centrations. Nevertheless, HA levels are rising increasingly,
which occurred via platelets and even endothelial cells
injured. At high altitudes, HA around initial injury sites is
degraded in a series of catalytic steps modulated by hyal-
uronidases and reactive oxygen species (ROS). Owing to the
heterogeneity of HA, HA polymers are unique, with mostly
size-dependent functions.” The wound-healing process re-
stores the integrity of damaged tissue and its normal func-
tioning. Free radicals develop at the injury site and slow the
wound-healing process gradually. Antioxidant therapy can
aid in the wound-healing process. Rosemary extract has
numerous antioxidant components.® Natural antimicrobial
agents derived from plant essential oils can be used to
counter bacterial growth and facilitate wound healing.9
One of the major herbs with several medical benefits is
rosemary (Rosmarinus officinalis L.). It main contains 1,8-
cineole, camphor, d-pinene, and o-terpineol, which are
antimicrobial in nature. The antioxidant properties of rose-
mary are attributable to several components. Three phenolic
diterpenes, including carnosic acid, carnosol, and rosmarinic
acid, are principally responsible for the antioxidant effects of

rosemary. The antioxidant and antimicrobial properties of
rosemary appear to be beneficial for wound healing.m’ll
Metronidazole is a synthetic composite derivative of the
antibiotic nitroimidazole, which inhibits cell death due to
bacterial DNA synthesis.12 It has been established as a
medication that may be used for the management of
infection with anaerobic microorganisms and
recommended for systemic or local administration in
support of conventional periodontal therapy.13

Therefore, we hypothesised that the application of HA
combined with rosemary extract and pure metronidazole in a
new paste formulation could improve wound healing. No
similar evidence from in vivo or clinical studies on the same
components is available in the literature. Thus, the aim of the
present study is to investigate wound healing of mucosal soft
tissue in a rabbit model treated with a topical mixture of HA
gel (Hyadent®), rosemary (Rosmarinus officinalis L.) oil, and
metronidazole powder as a new paste formulation, by eval-
uating histological parameters on post-treatment days 1, 3, 7,
and 15.

Materials and Methods
Experimental section

Preparation of the base material

A new paste formulation was prepared by the in-
vestigators to test its efficacy against oral mucosal lesions.
The experimental oral topical paste consisted of beeswax
(from NDI) and unpurified olive oil (obtained from the local
market) the exact product of control Orabase paste. In order
to eliminate any bias in result the experimental product, HA
gel (Hyadent®, BioScience GmbH, Diimmer, Germany),
rosemary (Rosmarinus officinalis L.) oil, and pure metroni-
dazole powder (Flagyl) (State Company for Drug Industries
and Medical Appliances [SDI], Samarra, Iraq) were added to
Orabase paste.

Preparation of the rosemary extract

Dried leaves of rosemary, from Morocco, were purchased
from Alrayan Medical Herbal Centre (Erbil, Iraq), with
vegetal authentication as Rosmarinus officinalis L. To obtain
the oil extract, the dried leaves were washed with water and
subjected to hydrodistillation for 3 h in Clevenger apparatus.
Five grams of the oil extract was poured into a sterile
container, which was closed and stored at —10 °C until

5
use.M’]"

Constituents and preparation of the Orabase paste

To prepare 100 g of the control product, Orabase paste
(comprising 1 g of carboxymethylcellulose, 10 g of pectin,
0.18 g of methylparaben, and 0.02 g of propylparaben) was
mixed with 12 g of beeswax and 77.8 g of unpurified olive
oil. Beeswax was immersed in a water bath. Olive oil was
weighed and then added to the melted wax while blending
gently to achieve homogenisation. Thereafter, the
powdered materials were mixed and added gradually to the
mixture of beeswax and olive oil with continuous mixing,
while the mixture was still immersed in the water bath until
the paste became homogenised. Finally, this prepared


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

726 New formulated paste and mucosal healing

mixture was poured into a sterile container and stored at
room temperature until use within a few days after
preparation. 1o

The experimental product was prepared immediately
before its application. The active ingredients added to the
Orabase paste consisted of 0.25 mL of HA (commercially
available in a sterile 1.2-mL syringe as a hydrogel for
dental use [Hyadent®, BioScience GmbH, Dimmer, Ger-
many]), 25 puL of rosemary (R.osmarinus officinalis L.)
extract oil, and 0.04 g of pure metronidazole powder
(SDI). The ingredients were mixed well to obtain a
homogenised paste 5 min before the application of the
experimental product. The concentrations of the chosen
materials were established based on the results of previous
in vitro studies (not displayed).

Experimental model and housing

Forty male adult mixed-breed rabbits were used. The
animals were purchased from a local supplier and weighed
1.5 £ 0.5 kg on average. They were divided into the following
two groups of 20 animals each according to the product
applied: a control group, which was treated with only the
Orabase paste, and the experimental group, which was
treated with the new paste formulation. Each group was
further randomly divided into four subgroups, with five an-
imals in each subgroup, based on the observation period (1,
3,7, and 15 post-treatment days). The rabbits were housed in
an animal house at a constant temperature of 24 °C under a
12-h light—-dark cycle with good ventilation; they were
provided fresh vegetables. They were monitored by a veter-
inarian throughout the study period and were in good health.
The animals were randomly selected, and intramuscular
doses of 4 mg/kg ketamine hydrochloride in 50 mg/mL
(Gracure Pharmaceuticals Ltd., Bhiwadi, India) and xylazine
base 5 mg/kg in 20 mg/mL (Interchemi Co, Holland) were
administered in the thigh muscle of each animal. To deter-
mine effective anaesthesia, the loss of ear pinch reflex was
tested after 10—15 min.

Treatment procedure

Once anaesthesia was induced, the animal was placed in a
prone position. To induce a typical oral mucosal wound
(approximately 0.8 cm), the tissue was punched with a locally
made device. The wound was created by pushing the device
against the disinfected oral mucosal area on the right cheek
(Figure 1). Both the control product (0.5 g of plain Orabase/
excision wound for the control group) and the experimental
product (0.5 g of plain Orabase + 0.25 mL of
Hyadent + 25 pL of rosemary oil + 0.04 gm of
metronidazole powder for the experimental group) were
applied topically to the wound once a day for three
continuous days. On recovery from anaesthesia, the treated
animals were caged separately. During the first 24 h after
the procedure, the animals were closely observed,
particularly with regard to feeding and physical activity.
Within 3—4 h of the treatment procedure, all animals
started their ordinary activities. At the specified healing
times, the animals were sacrificed, and biopsy samples were
obtained from all rabbits’ oral defects. The samples were
fixed in freshly prepared formalin (at a concentration of

10%) for 48 h. The samples were sectioned and stained
with haematoxylin and eosin to examine the histology of
the wound area.

Specimen collection and scoring

As mentioned previously, the animals in each group were
divided into the following four subgroups of five rabbits each
depending on the time of sacrifice.

e G1: Animals were sacrificed for specimen collection 1 day
after the treatment procedure.

e G2: Animals were sacrificed for specimen collection 3 days
after the treatment procedure.

e G3: Animals were sacrificed for specimen collection 7 days
after the treatment procedure.

e G4: Animals were sacrificed for specimen collection 15
days after the treatment procedure.

Inflammation scoring

Inflammation and repair were evaluated as follows as
described previously. 17,18

Score 1: Presence of acute inflammation.

Score 2: Predominance of granulation tissue.

Score 3: Predominance of chronic inflammation (fibro-
blasts began to proliferate).

Score 4: Resolution of inflammation and cicatrisation
(decrease or absence of chronic inflammation).

Re-epithelization scoring

The scoring was performed as follows.

Score 0: Re-epithelization at the edge of the wound.

Score 1: Re-epithelization over less than half of the wound
area.

Score 2: Re-epithelization over more than half of the
wound area.

Score 3: Re-epithelization of irregular thickness over the
entire wound area.

Score 4: Re-epithelization of normal thickness over the
entire wound area.

Statistical analysis

All data were statistically analysed using SPSS 19.0 soft-
ware package. Regarding statistical variances, mean values
between the groups were compared using the paired Wil-
coxon signed-rank test. Statistical differences among all pe-
riods of healing were investigated using the Kruskal—Wallis
test. The exact time at which the study product exerted its
effect was determined using the Mann—Whitney test. A P-
value of up to 0.05 was considered to indicate significance.

Results

The results of the statistical analysis of the differences
between the experimental and control groups regarding
inflammation and re-epithelization at specific healing time
points are described below. Regarding the study product,
its maximum effect was noted on the third day and
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continued up to 7 days, after which it decreased until day
15 (Figures 2, 3, and 4). The paired Wilcoxon signed-rank
test showed variable discrepancies at all the healing time
points.  The inflammation and  re-epithelization
scores on days 3 and 7 appeared superior for experimental
group in which (P-values were 0.038 and 0.034 for
inflammation and 0.046 and 0.025 for re-epithelization)
respectively, while in 15 days’ period histopathological
score appeared significant regarding re-epithelization

(0.046) with an exception for inflammation in which P-
value was (0.157) as shown in Table 1. As shown in Table 2
and Figures 5 and 6, the effect of the study product was
noted at all healing time points. Inflammatory cells
started to appear in the first 3 days and continued to be
recruited until day 7. Monocytes started to appear on
day 3 and then matured to macrophages. On the other
hand, fibroblasts started to form new granulation tissue
and thus new epithelium as shown in Table 3.

Figure 2: Complete healing of mucosa at 15 days in study exper-
imental group.

Figure 3: A Histopathological section of oral mucosal wound at day 1. A,B; for control group showed thickening of mucosal tissue at the
edges of the wound with numerous blood cells filled the mucosal defect. C,D; sections of treated group with neo-orabase paste
demonstrated thickening of the mucosa next to the wound edge and the oral mucosal epithelium extended into the wound cavity with
fibrin strands and numerous inflammatory cells were seen in the submucosal wound. The mucosal layer indicated by solid arrow, the
inflammatory and blood cells by open arrow, the fibrin strands by open triangle. H& E, x100 & x400.
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Figure 4: A Histological section of oral mucosal wound at day 3. A,B; for control group showed thin mucosa covered the wound with
dense irregular arrangement of granulation tissue. C,D; represented treated group showed complete re-epithelialization over the wound
edge which consist of several cells thickness and the submucosal layer composed from well vascularized granulation tissue contains
numerous blood vessels, fibroblast cells and collagen fiber with less inflammatory infiltrated cells. The mucosal layer indicated by solid
arrow, the inflammatory and blood cells by open arrow, granulation tissue by open triangle. H& E, x100 & x400.

Table 1: A histological readings between groups in the same
periods of mucosal healing for inflammation and reepitheliza-
tion done by Paired Wilcoxon signed-rank test.

Healing parameters P - value

Healing period

1 day 3 day 7 days 15 days
Inflammation 0.564 0.038 0.034 0.157
Re-epithelization 1.000 0.046 0.025 0.046

p < 0.05.

Table 2: Kruskal—Wallis Test for histopathological readings of
study material among all healing periods of mucosal healing for
inflammation and reepithelization.

Healing parameters P-values among all healing time

inflammation 0.000
Reepithelization 0.001
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Figure 5: A Histological section of oral mucosal wound at day 7. A; represent control group showed the scab still attached to underlining
thin mucosa covering the wound and the submucosa filled with fibrous tissue. B; treated group showed complete thick epithelium covered
the wound with minimal amount of granulation tissue. The mucosal layer indicated by solid arrow, the inflammatory cell and fibroblasts

cell by open arrow, granulation tissue by open triangle. H& E, x100.

Figure 6: A Histological section of oral mucosal wound at day 15. A; there is complete reepithelialization over the wound and there is little
amount of granulation tissue for control group. B; treated group with neo-formulated paste showed normal epithelial thickness and
appearance covering the whole wound side with difficulty to recognized the wound line and complete absence of inflammation. The
mucosal layer indicated by solid arrow, the inflammatory cell and fibroblasts cell by open arrow. H& E, x100.

Table 3: Mann—Whitney test for histopathological readings of

study material to determining exact period in which material

affect.
Healing periods Healing parameters
Inflammation Reepithelization

1-2 0.008 0.008

1-3 0.008 0.008

1—4 0.008 0.008

2-3 1.000 0.690

2—4 1.000 0.032

3—4 1.000 0.032

1 =1 day, 2 = 3 day, 3 = 7 day, 4 = 15 day.

Discussion

The results of the application of a new paste formulation
in this study were determined by a histopathological evalu-
ation of the healing process in rabbits in which wounds were
induced on the buccal mucosa of the cheek. All animals
regained their normal activity within a few hours after the
treatment procedure. The healing time points (days 1, 3, 7,
and 15) were chosen because the inflammation and re-
epithelization phases completed accordingly. The major
challenge encountered was how to maintain contact between
the study product and the wound for a long time and prevent
it from washing away and removal during food consump-
tion. Therefore, it was necessary to apply the study product
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for three days to increase the contact time between the
product and the wound, maintain product concentration,
and maximise the benefit of the product. Recently, a topical
mixture of chemical and mechanical treatments such as
metronidazole and HA, which has been described as a sup-
plementary therapeutic measure for periodontitis, was re-
ported to afford strong recovery.w HA is naturally present in
the connective tissue of humans. It is involved in the healing
process when it apply topically as agel wherein it reduces
bleeding, gingival crevicular fluid, and lysosomal enzymes
(hyaluronidase and chondroitinase) without triggering
immunological reactions as adverse side effects.”’ HA, the
simplest glycosaminoglycan, is involved in many major
biological processes, including cell signalling, adhesion,
proliferation and regulation, and differentiation. HA
depends on the molecular weight (MW) and concentration
of the effect on cell proliferation and differentiation. HA is
drawn attention in the field of tissue engineering and for
disease treatments owing to its high viscosity, high
elasticity, extremely negative charge, biocompatibility,
biodegradability, and non-immunogenicity.4 Regarding this
study, we found that the new paste formulation had effects
superior to control treatment (control group) by promoting
the healing process and enhancing the release of
inflammatory cytokines, which in turn increased the
differentiation and proliferation of cells. Compared to
untreated wounds, the wounds treated with the new
formulation paste showed maximum resolution within the
acute inflammatory phase during the first week. All
wounds completely healed by the end of the second post-
treatment week. The effect of HA on wound healing in
cheek pouches in rats has been investigatcird.21 It was found
that the application of exogenous HA enhanced
microcirculatory perfusion and facilitated wound closure at
the tissue repair site. The results of this study showed that
the newly formed paste-induced areas of granulation tissue
formation were invaded by large, engorged blood vessels.
This finding may be explained by the fact that HA may assist
in the physical preservation of the matrix during the in-
flammatory response phase in the blood clots in the wound.
This also promotes the recruitment and migration of cells
and regulates fibrin degradation. HA—fibrin matrix degra-
dation products function as regulators of wound-healing
molecules.””>  The histopathological score appeared
significant regarding re-epithelization, and the formation of
granulation tissue continued until day 15 and the pattern
appeared to be better than that in the control group. This
may be attributed to various biological effects exerted
through the induction of a variety of growth factors present
in the a-granules of platelets. Most of these factors may
affect multiple cell and tissue types. Among these factors, the
epithelial growth factor stimulates angiogenesis, endothelial
chemotaxis, epithelial and mesenchymal cell mitogenesis,
and collagen synthesis.23 The degree of inflammation in this
study appeared low, probably due to the presence of
rosemary in our new paste formulation paste, which acts as
an effective antioxidant and anti-inflammatory agent that
decreases the inflammatory rate. Such findings coming
straightforward with many studies in which rosemary
(R.osmarinus officinalis L.) essential oil has been proven to
have antioxidant, antibacterial, antifungal, and anticancer
effects’*> and may have a better effect on wound healing.

The anti-inflammatory and antibacterial effects of rose-
mary extract are primarily attributable to its flavonoid and
terpene constituents, which reduce the rates of inflammatory
cytokine release and promote wound-healing processes.z(’*28
Topical application of metronidazole powder has been
reported to decrease or eradicate wound infection, advance
wound appearance, reduce surrounding cellulitis, eliminate
tissue necrosis, and reduce pain.”

To preserve the wound from turning into a chronic wound
and suppressing anaerobic bacteria from resulting in pus
formation and bad odour in the wound area with tissue
liquefaction, a metronidazole antibiotic was added to the
paste, which decreased the chance of exacerbation to a chronic
wound by eliminating both aerobic and anaerobic bacteria.*’
This helps maintain a moist wound environment and is
effective in tackling the infection-associated odour.**
However, wound healing is a complex process that requires
efficient vascularization and the formation of a new collagen
matrix. Many studies have considered the single application
of certain natural products with anti-inflammatory activity,
such as HA or antimicrobial, antibacterial, and antioxidant
drugs may also play a role in the acceleration of wound
healing. The results obtained for the synergic mixture of HA
and rosemary extract, as an antioxidant, could protect against
peroxidative damage due to free radicals generated at the
wound site. It could also boost cellular activity to support
wound healing3 43 and facilitate the deposition of more
collagen fibres by fibroblasts.>> On the other hand, the
addition of topical metronidazole in the new paste
formulation was evaluated to verify whether wound healing
was promoted. This may be related to the elimination of
anaerobic and aerobic bacteria and a significant reduction
in wound colonisation. In addition, the formulation
decreased exudate volume and pain, which in turn improved
wound appearance.l‘)’32 The promising synergistic mix
formulation has been derived from local etiological elements
to eradicate local inflammation and accelerate tissue
healing. The present study showed an obvious synergistic
effect of HA, rosemary oil, and metronidazole to achieve
better wound healing. Thus, this new paste formulation
could be a good candidate for enhancing wound contraction
and healing without any complications.

Conclusion

The topical application of our novel paste formulation
comprising a mixture of HA, rosemary (R.osmarinus offici-
nalis) oil extract, and pure metronidazole powder afforded
good therapeutic results. It resulted in the inhibition of
inflammation in the 3- and 7-day subgroups and achievement
of faster re-epithelialization. Furthermore, all animals
treated with this formulation showed better healing response
in terms of reduction of wound contraction, with interesting
outcomes mostly in the 15-day subgroup.

Recommendation

The study provides a valuable clinical option for the
treatment of mucosal wounds. This was confirmed by the
results afforded by the application of the new paste formu-
lation containing HA, rosemary extract, and metronidazole
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for the management of deep contaminated wounds. The
study also suggests the usability of this formulation for
clinical application in future studies.
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