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Abstract: Background: The healing process involves the restoration of the body’s
structural integrity. The extracellular matrix, blood cells, cytokines, and growth factors are all
involved in this dynamic, intricate, multicellular process. Hemostasis, the inflammatory
phase, the proliferative phase, and the maturation phase are all included. Opuntia ficus-indica
oil (OFI) and Punica grantum (PGS) oil are extensively used natural treatments that are
regarded as advantageous for their sedative, spasmolytic, and anti-inflammatory properties,
as well as for angiogenesis promotion, fibroblast increase, collagen production and
deposition, and extracellular-matrix remodeling. Materials and methods: Twenty-four New
Zealand rabbits were used. Four circular wounds were induced on their dorsum skin with a
sterile biopsy punch (8 mm in diameter). A wound on the upper right side left with no
treatment healed spontaneously. A wound on the upper left side was treated with OFI. A
wound on the lower right side was treated with PGS oil. Finally, the lower left-side wound
was treated with a combination of OFI and PGS oils. After each healing period (days 3, 7, and
14), animals were sacrificed to collect specimens by cutting the skin at the edges of the wound
by about 5 mm. Results: Collagen formation was faster in the experimental groups than in the
control group. Conclusion: Among the experimental groups, the joint local application of OFI
and PGS oils was the most effective in improving wound healing by promoting the synthesis

of matrix collagen compared with controls.

Keywords: Opuntia ficus-indica oil, Punica granatum seed oil, wound healing.

The biological process of wound healing is intricate and occurs in all human tissues and organs. This
process involves several cell types, including keratinocytes, neutrophils, macrophages, lymphocytes,

fibroblasts, and endothelial cells ®. Throughout the skin wound-healing process, several cellular and

molecular mediators are activated to defend and eliminate pathogens from the injured area, thereby
establishing a new environment where cells multiply and eventually seal the wound. Hemostasis,
inflammation, proliferation, and tissue remodeling are examples of processes that occur in overlapping

stages. Each step orchestrates the entire process with a unique pattern of dominating cell extracellular

matrix (ECM) organization, cytokines, growth factors, and enzyme activation @. Keratinocytes, a crucial

cellular element of the epidermis, are in charge of healing damaged epidermis through epithelialization
@, Therapeutic therapies are used for healing, and innovative treatments have been developed using
synthetic, chemical, and biological technology. Wound healing is a natural process, and medicinal herbs

and bioactive compounds are used as substitute therapies to accelerate wound healing and re-

epithelialization ©.

Pomegranate components comprise antioxidant, anticarcinogenic, antibacterial, and anti-inflammatory
components. They have been shown in studies conducted over the past ten years to have beneficial
qualities ©). The majority of pomegranate seeds and oils normally contain unsaturated fatty acids in

their unconjugated condition, except for a limited number that have conjugated, double, triple, or

tetraene links. Examples of conjugated double and triple bonds are linolenic acids. Researchers have
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examined whether oil contains conjugated fatty acids. Conjugated fatty acids are more abundant in
pomegranate seed o0il ©. Opuntia ficus-indica (OFI), a medicinal plant belonging to the family Cactaceae,
has long been used to treat several ailments, including wound healing. In animal models, several
extracts from various sections of OFI including stems and cladodes have demonstrated promising
wound-healing effects. OFI has wound-healing qualities boosted by the oil's ability to self-emulsify into
nanodroplets. Its anti-inflammatory, procollagen, and angiogenic qualities can account, at least in part,
for these observed activities ?). Both of these compounds have the potential to operate as antioxidant
molecules by removing reactive species from the environment (such as superoxide anion, hydroxyl,
and sulfate radicals) and enhancing the body's endogenous production of antioxidant molecules.
Superoxide dismutase, glutathione, and myeloperoxidase are examples of antioxidants produced by

the body. Their levels may change owing to the presence of chemicals generated from natural sources
®),

In relation to the aforementioned properties, the present study aimed to assess the cellular proliferative
activity of wounds and to evaluate the density of collagen fiber in wounds treated with opuntia ficus-
indica oil / Punica Granatum seed oil in rabbits.

Materials and Methods

Masson tricolor treated skin samples, can effectively stain collagen fibers blue with dye have aniline.
The Masson's trichrome-stained slides were analyzed using a polarized light microscope (Leica, Germany)
and a software image analyzer (Video Test-Master 4.0 software) to determine the intensity of the blue hue,
which represents collagen density. At 40 magnification, the collagen density was measured under the
wound area in comparison to the normal dermis. The mean of the collagen values measured in the dermis
of healthy individuals was accepted as 100. The mean collagen density under the lesion area for each
group was expressed as a percentage relative to the collagen density of the normal dermis.

Ratio =(Average collagen intensityunder wound \ Average collagen intensityof normal dermis)x 100
Study design and surgical procedure

The ethical guidelines for using animals in research, as formulated by the College of Dentistry/University
of Baghdad (Reference Number: 681 on 11/10/2022), were followed throughout all experimental
procedures. Adult male New Zealand rabbits weighing an average of 1.5-2 kg were used. All rabbits were
kept in climate-controlled housing with controlled ventilation settings. They were fed a normal diet
(pellets) and had easy access to the water supply. Standard separate cages were used to house the animals
and fasted before surgery for about 6-8 h. The animals were randomly divided into three main groups
(eight rabbits each) according to the healing interval (3, 7, and 14 days). Wounds on the dorsal side of
rabbits in the upper right sides were allowed to naturally heal as a control without adding anything even
a placebo, whereas remaining wounds on the upper left, lower left, and lower right were treated with OFI
oil, PGS, and a combination of the two oils at a 1:1 ratio, respectively using of micro pipit. Before surgical
procedures, each animal was weighed to determine the dose of anesthesia required. The animal was then
placed on a surgical table, and general anesthesia was induced by intramuscular injection of xylazine 2%
(0.4 mg/kg B.W.) plus 50 mg of ketamine HCI, (40 mg/kg B.W.). Hair was removed from the dorsal region.
Ethanol (70%) was used to clean the skin. Four circular, full-thickness skin sections of about (1.5 to 2.0)
mm of wound were created on the dorsal skin by using an 8 mm biopsy punch. Each lesion was coated
with around 5 mm of the surrounding normal tissue, and then a full thickness of skin was removed using
a surgical blade. The samples were added with 10% freshly produced formalin for 24 h. then Dehydration
of biological samples is an important step in tissue processing. The purpose of dehydration is to remove
water from biological samples so that they can be further studied with a light microscope, then, each
sample is run through an xylene jar for 30 minutes, and after that Treated tissue samples are dipped in
molten paraffin wax. After the paraffin wax solidifies the block is ready for cutting.

Specimen preparation for histochemical staining
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Slides of skin tissue were deparaffinized, placed in a staining jar, and submerged for 45 min at 60 °C in a
warm Blouin’s solution. After washing the slides, they were exposed to modified Weigert's hematoxylin
for 8 min. After immersing in acid fuschin for 5 min to stain the cytoplasm and erythrocytes, they were
once again cleaned. Treatment for an additional 10 min with phosphomolybdic acid solution as a mordant
was conducted. Then, the slides were immediately immersed in methyl blue solution for 5 min to stain
the collagen and fibroblasts, cleaned before being exposed for 1 min to a 1% acetic acid solution, dried out,
and transformed in alcohol. The slides were mounted onto a cover slip after being immersed in 100%
xylene for one minute before inspection.

Statistical analysis

The effects of using OFI and PGS oils separately and in combination on rabbit skin healing were analyzed
statistically. Data was made on the Statistical Package for Social Sciences (SPSS) version 26. Only serial
numbers were related to the details of the participants and the collected data was managed on a daily
base. Data was expressed using mean/standard deviation, and minimum and maximum levels. ANOVA
test and post hoc test (LSD test) were used to assess the difference between the studied independent
groups. A confidence level of 95% with a P-value equal to or less than 0.05 was considered significant.

Results: Histological finding (Masson's trichrome stain)

On day 3, using the modified Masson’s trichrome staining, the control group showed very little fibrin
network (FN) with numerous areas of blood cell (BC) accumulations, creating a scaffold for fibroblasts.
On day 7, the formation of new epithelium (EP), fine collagen fibers (CFs), and hair follicles (HFs) was
more prominent. On day 14, CFs, adipose tissue, and HFs were very clear, with keratinized EP on the
surface (Figs. 1la—1c).

For the experimental groups on day 3, microphotograph views show an accumulation of new CFs,
developing HFs, and new EP on the surface (Fig. 2a). Disorganized CFs were noticed with areas of BC
accumulation (Figs. 2b and 2c).

After 7 days, the OFI group showed complete epithelialization, a sealed wound surface, and dense CFs
(Fig. 3a). Thickened newly formed EP, and CFs and HFs were remodeled (Fig. 3b). Remodeling CFs,
appeared denser with numerous blood vessels (BVs) (Fig. 3c).

On 14 days, microphotograph views showed thickened keratinized EP, CFs, and well-organized BVs in
the dermis (Figs. 4a—4c). Skin sections for evaluating CF density (intensity of blue hue, which stands for
collagen density) were measured using a polarized light microscope (Leica, Germany) and an image
analyzer. At 40x magnification, collagen density was assessed beneath the wound region compared with
a healthy dermis. The average collagen levels found in the normal dermis were regarded as being equal
to 100. The average collagen densities under the wound area for each group were represented as a
percentage compared with the collagen densities of the normal dermis on the post-wounding day.

As shown in Table 1, the mean values of the control and experimental groups peaked on day 14 with
prolonged time. The lowest mean values were obtained on day 3. ANOVA test revealed a significant
difference among the control and experimental groups on days 3, 7, and 14 (p 0.01) in terms of CF density.
In figure 5 Mean of collagen fiber density (%) for all groups in each healing period
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Figure 4: Experimental groups, day 14: a) OFI, b) PGS oil, and c) OFI/PGS group
Table 1: Descriptive statistics of collagen fiber density (%) for all groups at different duration

Duration Study group N Mean SD Range F value P value
3 Days Control 8 13.1 1.4 11.2-15.9 9.217 0.003%%*
OFI 8 31.3 1.3 24.9-40.0
PGS 8 29.4 2.9 25.5-33.8
OFl+PGS 8 43.2 4.4 39.8-49.7
7 Days Control 8 23.2 2.8 18.9-27.9 9.986 0.001**
OFI 8 44.4 4.7 39.9-48.3
PGS 8 41.9 4.2 38.4-48.3
OFI+PGS 8 56.7 5.6 49.3-68.3
14 Days Control 8 4141 4.1 35.5-47.9 5.733 0.014*
OFI 8 57.6 6 53.8-62.0
PGS 8 53.3 5.3 42.7-62.5
OFI+PGS 8 60.7 6.2 51.4-71.7

*: Significant differences; **: Highly significant differences.
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Figure 5: Mean of collagen fiber density (%) for all groups in each healing period

Discussion

Wound healing is a common biological process in the human body that occurs in four highly
programmed and precise stages: hemostasis, inflammatory phase, proliferative phase, and remodeling
phase °. All four stages must occur in the correct order for successful wound healing that involves multiple
events, including complex interaction processes between cells and their mediators that are essential for

wound healing (10).

In a histochemical study of wound healing, several factors are considered to determine the stage of
changes. These factors include the depth and length of the healed wound, the epithelialization period, the
infiltration of white BCs, the formation of elastin, and the aggregation of fibroblasts. However, CF remains
the most significant factor because it is crucial to maintaining the anatomic integrity of wound healing.
Collagen, which confers all tissues' strength and integrity, must be repaired when tissues are damaged as
a result of injury to restore the anatomic structure and function of healing . Collagen plays a vital role
in maintaining the biological and structural integrity of the ECM and tissue function (2. In the
proliferative stage of the wound-healing process, the secretion of a specific form of collagen increases at
the site of the damage to replace necrotic tissue with fibroblast cells, which are in charge of producing and
synthesizing collagen protein in the skin 0¥ As can be noticed in the histological section of the study, the
experimental groups entered the remodeling phase earlier than the control groups, consistent with a prior
study (Al-Mobeeriek, 2011) (4. The present study aimed to determine the effect of FOI and PGS oils
separately and in combination because both of them exerted anti-inflammatory effects, as well as to
evaluate their effect by assessing CF density throughout the studied durations. They can reportedly
prevent cutaneous infections, offer antioxidant protection from free radicals, and have anti-inflammatory

) (15, 16)

and antimicrobial properties, as explained by Khémiri (2019; Uzunhisarckl, 2022

The experimental groups showed higher collagen densities than the control groups, consistent with

earlier research (Kamil, 2019) 7).

On days 3, 7, and 14, we discovered that the experimental groups had
more collagen density than the control group, consistent with previous studies (Enoch and Leaper, 2007;
Reinke and Sorg, 2012) ") The current work revealed that re-epithelialization occurred more quickly in
the experimental groups @. They also increase the proliferation and progression of epidermal cells, in
agreement with the findings of Al-Mobeeriek (2011) (4. As aforementioned, given that collagen restores
the skin's integrity, collagen measurement and organization are crucial to investigations on wound
healing. For accurate interpretations of wound healing, which are lacking in conventional hematoxylin
and eosin staining, alternative staining techniques are crucial. Such techniques include modified Masson's
trichrome staining and the use of computerized software to evaluate the collagen color intensity(?.
Formation Collagen is a major extracellular matrix protein and participate in wound closure (2*22),
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Limitations

This study has one limitation; it prevented the rabbits from licking the wounds when we were placing the

oils daily on their dorsal sides.
Conclusion

The collective application of FOI and PGS oils was successful in increasing fibroblast activity, as
indicated by the increased density of CF deposition over the extended healing period.
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