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Abstract: Many researches have been exerted to find an application dressing for wound healing and
also attain a considerable microbial reduction in burn wounds. In this study, the healing effect of a
mixed herbal ointment (containing Myrtus, honey, Aloe vera, and pseudomonas phage) on the healing
process of second degree burn wounds infected with Pseudomonas aeruginosa in comparison was
evaluated. For this purpose, a hot metal square piece (4x2 c¢cm, 50 g) was applied using a standard
burning technique, and the applied pressure on the skin kept the same for all animals, then infected with
Pseudomonas aeruginosa. Rats were randomly divided into 2 groups. Group 1 was treated with mixed
herbal ointment, and group 2 received no treatment (control group). The treatment was daily, and
sampling was weekly for three consecutive weeks (7, 14, and 21-day). Formalin 10% was used for
tissue fixation. Wound healing in test and control groups was investigated by macroscopic and
microscopic methods using Hematoxylin-Eosin staining. It wound contraction evaluation (Image J
software). Macroscopic findings showed that wound contraction of the mixed herbal ointment group
was significantly higher than the control group for 21 days. Hematoxylin-Eosin staining revealed that
the epithelialization was considerably more completed in the mixed herbal ointment group in
comparison with the control group. Also, neovascularization was significantly higher in the mixed
herbal ointment group. The comparative results demonstrated that the mixed herbal ointment group had
a significant difference (P<0.05) with a non-treated group (control). Therefore, the mixed herbal
ointment is suggested as a suitable candidate for the treatment of second-degree burn wounds infected
to pseudomonas aeruginosa.
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1. Introduction

Skin is the largest organ of vertebrates, is a soft tissue covering the outer surface of
their body, and constitutes two layers of epiderm and derm. One may also include the
subcutaneous tissue, so-called hypoderm that attaches the two upper layers to the underlying
tissues such as bone and muscles. Many known compartments such as blood and lymphatic
vessels, sweat glands, and hair follicles are located in the derm and hypoderm. When the
dermis- the main part of the skin where hair follicles and sweat glands are located - is injured,
the complex process of healing triggers automatically. Healing contains a series of certain
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phenomena during a very organized process involving several agents. For the reconstruction
of the injured tissue in the wound, parenchymal and connective tissue cells should be
reproduced and migrate to the right place, so it is a dynamic physiological procedure [1-4].

Wound healing is classically performed as a dynamic coordinated cascade in four
overlapping steps: hemostasis (bleeding stop), inflammation, proliferation (granulation tissue
formation), and regeneration (remodeling) [1, 5]. In this regard, after hemostasis, several cells
contribute to the inflammatory phase, which promotes different cells’ proliferation and
collagen synthesis. Thereafter, the wounded tissue starts restructuring; the collagen
microfibrillar and new epidermis (the outermost layer) maturates, and new fibroblasts and
vessels are generated [5, 6]. Some unnatural conditions such as dysregulated inflammation,
superfluous free radicals, decreased angiogenesis and detracted collagen storage may detain
this the normal systematized process and lead in situations like non-healing chronic wounds
[7-10].

A very problematic situation is affecting the wound healing cascade burns, which is
entailed with several life-quality decreasing problems (physical and psychological) as well as
mortality. As an emergency and acute disorder, burn wound healing is growingly addressed in
the medicinal literature trends in both developed and developing countries, including the
injuries during pregnancy. At present, many studies are searching for novel dressings with more
healing potential and antibacterial properties other than the silver sulfadiazine as the gold
standard [11-16]. Avoiding the clinical and environmental consequences and expenses, organic
and natural materials have attracted the consideration of researchers in this field. Honey can be
named the earliest natural treatment for wounds, which has been highly appreciated in several
old-style medication references to the extent that it was even implied in the Holy Quran more
than 14 centuries ago [17-19].

In traditional medicine literature, honey has been employed for treating respiratory,
urinary, gastrointestinal, and skin diseases, including ulcers, wounds, eczema, psoriasis, and
dandruff. Today, it is confirmed that honey promotes healing and scar fading by raising tissue
regeneration and diminishing inflammation, edema, and exudation [20]. Also, a considerable
portion of present scientific studies addresses the characteristics of medicinal herbal products,
which have been conventionally used for burn wound healing for centuries all over the world
[21-24].

Many of these studies confirm the efficiency of medicinal plants in burn wound
treatment. As an instance, the sesame oil has been studied solely or mixed (e.g., with camphor
and honey) for its medication features on debridement necrotic burns [2, 25]. In the present
study, a mixed herbal ointment (Myrtus, honey, Aloe vera, and pseudomonas phage) has been
used to examine its healing effect on the second-degree burns in vivo infected with
Pseudomonas aeruginosa in comparison with the control subjects (non-treated with herbal
ointment).

2. Materials and Methods
2.1. Animals.

In this study, 12 Wistar male rats (250-300 g, 2-3 months) were randomly divided into
the test and control groups, which were monitored for three weeks and sampled on days 7, 14,
and 21. They were all maintained in a sheltered standard environment (20-25°C with 65-75%
humidity) under the supervision of a veterinarian. During the experiment, the rats were fed with
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usual rat chow and tap water. Each group was kept in a separate cage under 12/12 hours
light/dark cycle. Studies on all two groups were performed with the same conditions.

2.2. Burns wound model.

The rats were anesthetized by xylazine (10 mg/kg) and ketamine hydrochloride (35
mg/kg). The deep second-degree burn wound was created according to Tanideh et al. using a
hot plate (a metal square piece, dimensions: 4x2 cm, 50 g) at a fixed temperature [24]. Briefly,
the dorsum skin was shaved using an electrical clipper and burned using a plate. The tool was
warmed for 5 min in hot water and left in contact with the skin for 10 seconds with an equal
pressure). Then, the second-degree burn wounds were infected with Pseudomonas aeruginosa
(1.5x104 Cfu/ml) by subcutaneous injection. All surgical procedures on laboratory animals,
their maintenance conditions, and the following experimental procedures had been done in
accordance with the Ethical Committee.

2.3. Treatment.

The mixed herbal ointment was prepared with Myrtus and Aloe vera (20 ml) in mixing
with 20 ml of honey. And then, 2.5 ml of optimum phage dilution was added, and pH was
regulated in order to have a suitable pH for the skin. In the following, group 1 was treated with
the mixed herbal ointment (including Myrtus, honey, Aloe vera, and pseudomonas phage).
Group 2 was not treated as the control group. The treatment of burn wounds with mixed herbal
ointment/Pseudomonas phage was performed daily. Photography sampling was done on days
7,14, and 21.

2.4. Macroscopic Observation.

Response to the treatment was evaluated by taking photos from wound sites every day
and analyzing by Image J software. The speed of wound contraction was evaluated by digital
photography under general anesthesia at days 7, 14, and 21 of the treatment.

2.5. Microscopic observations.

The histologic criteria considered to determine the efficacy of treatment included:
epithelization and neovascularization, as well as regeneration of fibroblasts and epidermis,
angiogenesis, and the level of the collagen, inflammation, and hair follicles in the tissue sample
using microscopy. For histological studies, the selected number of rats were sacrificed using
chloroform containing jar. Afterward, the tissue samples from the wound area were taken and
transformed onto a glass microscope slide, then were stained by Hematoxylin—Eosin staining
[26-32]. Tissue sections were evaluated under light microscopes. The separation time of the
remained scabs and the scar size was analyzed on the basis of the photos. All measurements of
the treatment level were performed by a certain person.

2.6. Statistical analysis.

The treatment size was measured using Image J software. Non-parametric Friedman
test was used to compare the mixed herbal ointment/pseudomonas phage and control groups
(P<0.05).
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3. Results and Discussion
3.1. Macroscopic analysis.

During this study, the wound contraction showed to be more rapid in the mixed herbal
ointment group rather than the control group. Wound contraction was significant in the mixed
herbal ointment group on days 14 and 21 in comparison with the control group (Figure 1). Also,
the mixed herbal ointment caused the scabs to fall and the wounds to heal in a shorter time
compared to the control group. Treatment size evaluation was detected by Image J software
between control and the mixed herbal ointment groups. Table 1 shows that wound contraction
was considerable in the mixed herbal ointment group in comparison with the control group on
days 14 and 21.

Day

Group 1

Group 2

Figure 1. Macroscopic evaluation between the control and the mixed herbal ointment groups. Group 1: control,
Group 2: the mixed herbal ointment.

Table 1. Treatment size evaluation between the control and mixed herbal ointment/pseudomonas phage groups.
Day 0 7 14 21
Group 1 8 7 51 |33
Group 2 8 6/1 2/3 0/4

*Results are based on three independent experiments. Nonparametric Friedman test, P<0.05, Group 1: control,

Group 2: the mixed herbal ointment

Day 7

Group 1

Group 2

Figure 2. Histological Epithelization. Group 1: control, Group 2: the mixed herbal ointment (magnification
x40).

3.2. Microscopic analysis.

The results demonstrated a considerable epithelization in the mixed herbal ointment
group on 7, 14, and 21 days in comparison with the control group. The histological
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epithelization is shown in Figure 2. In addition, neovascularization was significantly higher in
the mixed herbal ointment group than the control group after 7, 14, and 21 days (Figure 3).
However, in terms of wound healing, no significant difference was observed between the test
and control groups (either after 7, 14, or 21 days).

Day 7

Day 14

Group 1

Group 2
e - - ',‘
X T

T e fé"g

Figure 3. Histological neovascularization. Group 1: control, Group 2: the mixed herbal ointment (magnification
x40).

The results showed that the maximum peak of angiogenesis has happened on day 7.
The mixed herbal ointment group had a higher angiogenesis level with a significant difference
with the control group (Results obtained from three independent tests, p <0.05) (Table 1). The
results also show that the number of fibroblasts was significantly more increased in the mixed
herbal ointment group on days 7 and 14 compared to the control group. However, no significant
difference was observed on day 21. The greatest increase in the number of fibroblasts took
place on day 14. The results of microscopic studies, including the evaluating of hair follicles
density, epidermis depth, collagen presence, and inflammation level (based on the existing
inflammatory cells) identified a statistically significant difference between the mixed herbal
ointment and control groups (Table 2). Measuring the present collagen in tissue samples
showed a statistically significant increase in the mixed herbal ointment group during wound
healing. The greatest growth and the presence of collagen were observed on day 21. Measuring
the wound epidermis was used as an effective strategy for evaluating the amount of wound
healing. After the epidermis formation, the size of the epidermis and its difference between the
mixed herbal ointment and control groups were measured. Another quality criterion of wound
healing is the regeneration of hair follicles. According to our results, follicular regrowth was
not seen on day 7 and 14, but new hair follicles were observed on day 21. The mixed herbal
ointment and control groups consisted of an average follicle number of 3 and 8, respectively
(Results based on three independent tests, p <0.05).

Table 2. Statistical comparison of fibroblasts, epidermis, blood vessels, collagen, inflammation, and hair
follicles in each group on days 7, 14, and 21. Results based on the three independent and similar tests (P < 0.05).
Group 1: control, Group 2: the mixed herbal ointment

Group Day Epidermis Inflammation Hair follicle | Angiogenesis | Collagen Fibroblasts
7 10+1.36 2.44+0.693 0+0 1.56+0.43 0.58+0.002 2300+41.41

Group 1 14 25%2.12 1.77+0.234 0+0 2.43+0.12 1.15+0.51 5150+30.6
21 72+2.21 0.3+0.741 340.012 1.49+0.30 0.87+0.002 1769+19.55
7 49+1.35 1.6540.554 0+0 7.34+0.278 2.65+0.012 17800+40.39

Group 2 14 141+6.00 0.77+0.00043 0+0 6.72+0.20 4.66+1.15 30100+49.30
21 179+16.32 0.34+0.00013 7+0.2 2.31+0.66 5.32+0.714 8800+29.56
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Burns are the most common injuries, specifically among children. Recoverability from
burn injuries and rescue from serious health consequences depends on the cause and degree of
the injury. However, more serious burns need direct emergency medical care to survive
complications and death. The burn injuries are categorized into three degrees based on the
seriousness, harshness, and tensity of the damage to the skin. The first-degree wounds are the
least problematic, and the third-degree injuries are the most severe ones. The damages of first-
degree burns are superficial and contain red and non-blistered skin. In the second-degree burns,
damages include blisters, and partial thickening of the skin extended from the beneath of
epidermis into the dermis. Finally, in the third-degree burns, there is widespread thickness with
a white leathery appearance [17, 19, 21, 33]. Many researches are focused on investigating the
effect of natural ingredients and ointments on the second-degree burn wounds. For example,
Somboonwong et al. showed that aloe vera could help the wound healing promotion on the
second-degree burn wound [33]. Afshar et al., also showed that the topical application of Emu
oil on the ll-degree burns in Balb/c mice could positively effect the wound healing and hair
follicles recuperation in the margins of the wound. According to their report, the superficial
application of Emu oil studied, however, has a slow healing process and causes inflammation
to last longer, increases the number of hair follicles more than what can be seen in a non-treated
control group. Also, Emu oil treatment led to appearing more active and mature hair follicles
in several layers and increasing fibrogenesis and collagen synthesis [34].

Chen et al., compared the effect of silver nanoparticles, 1% silver sulfadiazine cream,
and vaseline dressings on second degree burn wounds in patients with superficial and deep
injuries. Using before and after dressing change swab bacterial cultures, they indicated that
silver nanoparticle dressing could reduce the risk of wound infection and accelerate the wound
healing [35]. In another study, Khorasani et al. determined that saffron (Crocus sativus) pollen
extract cream can efficiently make the wound healing of hot water-induced burns faster. Their
results were reported in comparison with silver sulfadiazine (SSD) on second-degree
burn injuries in rat models [36]. Gupta et al., performed a retrospective review on the records
of patients with first and second-degree burns admitted to their institution within 5 years.
Considering several factors including the burn-dressing interval, the site, percentage, degree,
and depth of burns, duration of healing, remained scar, etc. they concluded that wound
sterilization was faster and wound healing increased more in the case of honey dressing [17].
Akhoondinasab et al. have compared the effects of Robaxin, Rimojen, SSD, and aloe vera on
the healing process of both second and third-degree burn injuries in rat models. Digital
photography assessment of histological parameters (PMN, epithelialization, fibrosis, and
angiogenesis) showed that displayed a more considerable performance in wound healing. Also,
aloe vera treating could ameliorate the wounds faster than SSD [37].

In this study, in order to evaluate the healing effect of mixed herbal
ointment/pseudomonas phage on the second degree burn wounds, the histologic parameters
including epithelization, neovascularization, regeneration of fibroblasts and epidermis,
angiogenesis, and collagen synthesis, inflammation lasting, and recreating hair follicles were
measured. The wounds were also infected with Pseudomonas aeruginosa in order to indicate
the potential of the mixed herbal ointment treatment in wound sterilization. Based on our
observations, the epithelization and neovascularization were higher in the mixed herbal
ointment group rather than in the control group. Also, the present results showed a faster burn
wound contraction in the mixed herbal ointment treated group compared with the control group
within study duration. Additionally, fibroblasts increasing, epidermis and blood vessel
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regeneration, collagen synthesis, hair follicles recovery, and inflammatory reactions happened
more and better in rat models, which were treated with mixed herbal ointment compared to
those received no treatment.

4. Conclusions

Considering the above results, it can be concluded that mixed herbal
ointment/pseudomonas phage can be suggested as a successful candidate herbal drug for
healing second degree burn wounds infected with Pseudomonas aeruginosa. This conclusion
is supported by the data obtained from the time of wound healing in the macroscopic evaluation
and microscopic analysis.
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