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ABSTRACT

Background: Burn injury is a condition caused by heat, cold, electricity, synthetic substances, and radiation, and it causes psy-

chological and physical problems in the affected individuals.

Aims: In this study, it was aimed to investigate the healing effect of the spray formulation prepared using ethanol extracts of

Olea europaea and Aloe vera leaves, Cocus nucifera fruit, and Chamomilla recutita flower plants (OACC) in a second-degree burn

model created in rats, using biochemical and molecular parameters.
Methods: Experimental groups were assigned to Healthy control (HC), Burn control (BC), Silver-Sulfadiazine (SS) and OACC.
A deep second-degree burn was induced on the lower back and upper back of each rat under standard burning procedures, re-

spectively. Experiments were performed using serum and skin tissue samples obtained on the 3rd-21st days after the burns were

created. Malondialdehyde (MDA) and superoxide dismutase (SOD) levels were calculated. Transforming Growth Factor Beta-1
(Tgf-p1), Vascular Endothelial Growth Factor-alfa (Vegf-a), interleukin-6 (Il-6) and Tumor Necrosis Factor Alpha (Tnf-c) mRNA
expression levels were determined using real-time polymerase chain reaction (RT-PCR).

Results: AOCC reduced the increased MDA levels in serum related to the burning event, while increasing the decreased SOD
enzyme activity levels. In addition, AOCC decreased the gene expression levels of Tgf-81 and Vegf-o, which are growth factors
that were increased in the burn group, and Il-6 and Tnf-o, which are oxidative stress markers.

Conclusions: We believe that our study will shed light on the detailed examination of biochemical and molecular pathways

affecting the wound healing process in future studies and will contribute to opening new doors for treatment.

1 | Introduction

Burn injuries, which are much more common in developing or
underdeveloped countries, continue to be a major public health
problem [1]. When classified within themselves, flame burns,
scalding, hot water, and steam are the most common [2]. Burn in-
juries are a complex condition, and the most important factors are
the depth of the burn, the anatomical location of the area, and the
occurrence of infection. For these reasons, although a wide vari-
ety of approaches are recommended for burn treatments, healing

with modern treatments is still a difficult process [3]. Considering
the major problems experienced today in terms of the cost of drugs
and the development of allergies and drug resistance, medicinal
plants used in traditional methods and having wound healing ef-
fects have proven to be more affordable, effective, and reliable [4].
Plants are used in many parts of the world for wound and burn
treatment and are known to be very effective [5, 6].

As a result of in vitro and in vivo studies conducted with these
plants, it has been confirmed that they can be used in burn and
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wound treatment. Among these traditional medicinal plants,
Aloe vera and Olea europaea leaves, Cocus nucifera fruit, and
Chamomilla recutita flower were the main characters of the
presented study. It has been reported that Aloe vera restarts an-
giogenesis, accelerates blood flow, increases fibroblast prolifer-
ation, and has anti-inflammatory and antimicrobial effects [7].
Olea europaea has antioxidant, anti-inflammatory, antiviral,
and antifungal effects thanks to the phenolic compounds it con-
tains [8]. In addition to its antiviral and antimicrobial properties,
Cocus nucifera has also been found to contain high amounts of
tocopherols [9]. Finally, it is known that Chamomilla recutita is
important for macrophages involved in the pathogenesis of many
diseases such as infections and neuropsychiatric problems [10].
In this study, the healing effect of Aloe vera and Olea europaea
leaf, Cocus nucifera fruit, and Chamomilla recutita flower mixed
extract (AOCC) spray formulation on burn wounds in a second-
degree burn model created in rats was investigated using bio-
chemical and molecular parameters. For this purpose, MDA and
SOD levels were determined to evaluate the antioxidant proper-
ties of AOCC. In addition, mRNA expressions of Tgf-1, Vegf-a,
11-6, and Tnf-a genes, which are the main genes that regulate in-
flammation, angiogenesis, and oxidative stress processes, which
are known mechanisms that affect wound healing and play a
role in these pathways, were analyzed.

2 | Materials and Methods
2.1 | Preparation of AOCC Mixture Spray Form

Spray formulation was prepared using ethanol extracts of
Olea europaea and Aloe vera leaves, Cocus nucifera fruit, and
Chamomilla recutita flower plants. Each powdered plant mate-
rial was weighed equally at 30 g, and each was transferred to a
separate conical flask. 1500 mL of ethanol was added to each
conical flask; the mouths were tightly closed with paraffin
and left to wait for 72 h for the active ingredients to pass into
the solvent. At the end of the period, the solution in the coni-
cal flask was filtered with a filter paper. Then, it was put in a
rotavapor (47°C) until there was no ethanol left. The plant ex-
tracts prepared differently were transferred to a common volu-
metric flask, and glycerin was added. The prepared extract was
filled into a dark bottle, sprayed with a spray head, and stored
at +4°C [11].

2.2 | Animals, Experimental Design
and Second-Degree Burn Induction

This study was conducted after the ethical approval of the insti-
tution with which we are affiliated. Applications were made on
48 Wistar albino male rats (280-375g). Before the experiment
started, the rats were kept in polycarbonate cages at room tem-
perature (22°C +2°C) in groups of 6, with free access to water
and food. The cages were kept in a 12-h light and 12-h dark en-
vironment [12]. All rats were divided into four groups according
to their similar weights: (A) Healthy control (HC) group (n=12);
(B) Burn control (BC) group (n=12); (C) Silver Silfadiazine (SS)
group (n=12); (D) Spray treatment (AOCC) group (n=12). In
order to be able to apply immediately after shaving, the metal
blocks were kept in water heated to 95°C with thermometer

monitoring for a few minutes. The metal blocks heated in this
way were applied to the anesthetized animals for 20 s, and burns
were created on the right and left backs (Figure 1).

Rats were placed in experimental groups with their weights
close to each other. No other procedure was performed on the
healthy group animals except shaving. Burn control group ani-
mals were only burned, and no treatment was applied. The ani-
mals in the Silver Silfadiazine group were treated with Silverdin
Cream (Silver Sulfadiazine Cream 1%, Deva) (40 g/kg) once a
day to cover the wound surface. The AOCC spray mixture was
sprayed on the AOCC spray treatment group animals once a day
from a distance of 10 cm to cover the wound areas sufficiently
[13]. Treatment applications were started 12 h after the burns
were created. Three animals were sacrificed randomly from
each group on the 3rd, 7th, 14th, and 21st days of the experi-
ment. Skin and blood samples were taken from the sacrificed
animals. Necessary procedures were continued for the remain-
ing group animals. Digital photographs were taken on days 0, 3,
7, 14, and 21. The burn treatment was evaluated using Image J
software (NIH, USA) to record the wound areas along with the
wound changes before and after [1].

2.3 | Preparation and Storage of Serum and Tissue
Samples

On the 3rd, 7th, 14th, and 21st days of the experiment, the ani-
mals selected were anesthetized, and blood samples were taken
into heparinized tubes by entering the left ventricle of the heart

FIGURE1 | Creation and appearance of a second degree burn.
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with a syringe [14, 15]. All blood samples were centrifuged at
4000 rpm for 10 min. The obtained sera were stored in a —80°C
freezer for biochemical analyses. In addition, for molecular
studies, burnt skin samples were taken from the right and left
dorsal regions, surrounded by healthy skin, and frozen with
liquid nitrogen and then stored at —80°C. For the homogenate
process, the skin tissues at —80°C were brought to +4°C and
kept for one day. 0.3 mg of sections were taken from each tis-
sue, and the macro disintegration process was performed. Then
the tissues were placed in screw-capped tubes, and 1 mL (0.1M
KH2PO4-10Mm EDTA, Ph: 7) of homogenization buffer and
steel homogenate beads were added. The tubes were homoge-
nized in the TissueLyser LT (Qiagen) homogenizer device with
five repetitions at 3000 rpm. After centrifugation, the superna-
tant portions were taken into 1.5 mL Eppendorfs, and the pellet
portions were removed.

2.4 | Biochemical Studies

Biochemical studies carried out within the scope of the pre-
sented study included the amount of malondialdehyde (MDA)
for the determination of lipid peroxidation and superoxide
dismutase (SOD) for the determination of antioxidant en-
zymes [16].

Malondialdehyde (MDA) levels were determined using the thio-
barbituric acid (TBA) reaction in serum samples obtained from
rats. Homogenized serum samples (125 L) were added to TBS
(50 uL, pH: 7.4) and TCA-BHT (125 uL). After vortexing and
centrifuging (1000 rpm/10 min), 200 uL of the supernatant of
the resulting mixture was taken and added to HCI (40 uL, 0.6
M) and Tris-TBA (160 pL). Then, it was incubated at 80°C/10
min. TBS was considered as blank, and absorbance values were
measured in the spectrophotometer (530 nm). Experiments were
performed in triplicate. TBARS concentration was determined
according to Guesmi et al. [17] was estimated according to the
formula used. The measurement of SOD enzyme activity is based
on the reduction of the nitroblue tetrazolium (NBT) compound
as aresult of a reaction in which the superoxide radical generated
by the xanthine-xanthine oxidase system cannot be removed by
the SOD enzyme. Briefly, 10 pL xanthine oxidase, 200 pL assay
reagent, 10 uL samples and 40 uL distilled water were added to
each well. It was incubated at 25°C for 20 min. After 20 min, the
absorbance of the colored complex formed was read at a 560 nm
wavelength by spectrophotometric methods [18].

2.5 | Molecular Studies

Within the scope of the study, total RNA extraction, cDNA syn-
thesis, and real-time quantitative PCR analyses were performed
in skin tissue samples, and Tnf-a, IL-6, Tgf 81 and Vegf-a gene
expression levels were calculated. The tissues obtained as a result
of the applications were obtained in a homogenized form using
a homogenizer. RNA isolation was performed using the RNeasy
Mini Kit (Qiagen). Then, cDNA was obtained from these RNA
samples with the High Capacity cDNA Reverse Transcription
Kit. cDNA concentration and quality were assessed and quanti-
fied according to the method used by Avsar et al. [14]. Primers
for Tgf-f1, Vegf-a, IL-6, Tnf-a and housekeeping gene Gapdh

were used and performed with the Real-time PCR (Bio-Rad) kit.
First, the required Master mix was created, and 18 uL was added
to each tube. Samples were prepared by adding 2 pL of cDNA
samples to the tubes to which the Master mix was added. Then,
the prepared samples were loaded into the Rotor-Gene PCR de-
vice, and their cycles were set. All steps of this process were ap-
plied separately for each gene, and the results were analyzed.

2.6 | Statistical Evaluation

Analysis of Variance (ANOVA) was applied for statistical
evaluation of the data obtained as a result of the experiments.
Differences between groups were determined by the Tukey test.
The Duncan test was preferred for mean differences between
groups. GraphPadPrismversion10 was used to test quantitative
real-time PCR results. The mean of the data was given as + stan-
dard deviation. p values were determined using an unpaired ¢
test. Significance level ****p <0.0001 was evaluated as very sig-
nificant, ***p <0.0001 as very significant, **p <0.0001 as signif-
icant, and p>0.0001 as insignificant.

3 | Results
3.1 | Visual Assessment of Wound Dimensions

Wound size and healing rate were monitored during the exper-
imental process. Images of animals photographed on different
days from all application groups are shown in Figure 2. On the
3rd day of the experimental process, all application groups were
similar to each other. No significant difference was observed vi-
sually between them. On the 7th day of the experiment, reduc-
tions in wound size and more pronounced wound areas were
observed in the other application groups compared to the BC
group. The wound image in the AOCC group showed the same
healing effect as the SS group, which is widely used in burn
treatment. On the 14th day of the applications, it was observed
that the wound size was reduced and hair growth was faster,
especially in the AOCC group compared to the BC group. It was
observed that wound healing in the AOCC was also faster than
in the SS group. Finally, on the 21st day, the last day of the exper-
iment, it was observed that skin epithelization was completely
completed in the experimental animals in the AOCC group and
the wound site was completely closed. While a similar situation
was observed in the experimental animals in the SS group, it
was determined that the wound had not yet closed in the BC
group animals (Figure 2).

3.2 | MDA and SOD Values From Oxidative Stress
Parameters

In the presented study, the results of oxidative stress parame-
ters (MDA and SOD) in serum samples obtained from the treat-
ment groups are given in Table 1 and Table 2. As indicated in
Table 1, serum samples from the untreated burn-induced group
(BC) showed higher TBARS levels on all application days com-
pared to the healthy non-burned control group (HC). In the HC
group, the 21-day TBARS concentration change was measured
between 46.171 + 3.04 nmol/mg and 67.792 +2.06 nmol/mg (day
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FIGURE 2 | Images of application groups on different days.

TABLE1 | Multiple comparison test results of MDA levels and group mean data.

Groups 3.day (nmol/mg) 7.day (nmol/mg) 14.day (nmol/mg) 21.day (nmol/mg)
HC 46.171 % 3.04* 51.351 +8.10%* 65.540 + 3.76* 67.792 £2.06%*
BC 234.684 +4.79° 247.972 £2.024 254.729 +7.304 260.360 +3.72°
SS 229.504 +8.11° 215.089 +5.62¢ 190.990 +5.41° 155.630 +12.84¢
AOCC 227.477 £11.90° 191.891 +7.67° 151.126 +7.83P 121.396 £9.77°

Abbreviations: AOCC, spray treatment; BC, burn control; HC, healthy control; SS, silver sulfadiazine.
*The difference between the application groups indicated with different symbols is significant (p <0.05), while the difference between the application groups indicated

with the same symbol is insignificant (p> 0.05).

TABLE 2 | Multiple comparison test results of SOD levels and group mean data.

Groups 3.day (nmol/mg) 7.day (nmol/mg) 14.day (nmol/mg) 21.day (nmol/mg)
HC 11.166 +3.93° 9.466 + 6.46° 9.792 +7.17° 10.694 +7.17°
BC 8.976 +4.528* 7.387 £6.08%* 5.583 +7.87%* 3.092 +5.61%*
SS 15.332 £3.64¢ 16.299 +10.02¢ 19.885 £8.57° 23.501 +9.66°
AOCC 15.525 +4.55¢ 19.069 +2.57¢ 23.278 +£9.04¢ 30.837 +10.33¢

Abbreviations: AOCC, spray treatment; BC, burn control; HC, healthy control; SS, silver sulfadiazine.
*The difference between the application groups indicated with different symbols is significant (p <0.05), while the difference between the application groups indicated

with the same symbol is insignificant (p> 0.05).

3 and day 21). In the BC group, these values were measured be-
tween 234.684 +4.79 nmol/mg and 260.360 + 3.72 nmol/mg, re-
spectively. Treatment with SS and AOCC significantly reduced
serum lipid peroxide levels as measured by TBARS concentra-
tion (229.504 +£8.11 nmol/mg to 155.630 +12.84 nmol/mg for
days 3 and 21, respectively; 227.477 +11.90 nmol/mg to 121.396
+9.77 nmol/mg for days 3 and 21, respectively), approaching the

HC group. When the AOCC and SS groups were compared, it
was found that AOCC reduced lipid peroxidation much more
strongly.

When the SOD levels measured in the serum samples on the 3rd,
7th, 14th, and 21st days were examined, SOD values in the BC
group decreased compared to the HC group on all days. In the SS
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and AOCC treatment groups, the decreases in SOD levels caused
by burns were replaced by high SOD levels. As follows; the SOD
value, which was 8.976 +4.52 nmol/mg on the 3rd day in the BC
group, decreased to 3.092 + 5.61 nmol/mg on the 21st day. In the
SS group, these values were 15.332 +3.64 nmol/mg and 23.501
+9.66 nmol/mg, respectively. The most striking increases were
again in the AOCC application group. The SOD value measured
on the 21st day was 30.837 £10.33 nmol/mg (Table 2).

3.3 | Gene Expression Levels (Tgf-f1, Vegf-a, IL-6,
and Tnf-c)

Data on relevant gene expression levels (Tgf-g1, Vegf-a, IL-6,
and Tnf-a) are given in Figure 3. As shown in Figure 3A, the
Tgf-B1 gene expression was increased in all burn groups (BC
3d, 7d, 14d and 21d) by 2.43- fold, 2.21-fold, 1.62-fold, and 1.34-
fold, respectively, compared to the HC group (p<0.05). In SS
treatment groups, Tgf-B1 gene expression increased 2.26-fold,
2.53-fold, and 1.16-fold in SS 3d, 7d, and 14d groups, respec-
tively, compared to the HC group and decreased 1.38-fold in
the SS 21d group (p <0.05). AOCC treatment increased Tgf-f1
mRNA expression in all AOCC groups (AOCC 3d, 7d, 14d and
21d) by 1.77-fold, 2.92-fold, 1.61-fold, and 1.01-fold, respectively,
compared to the HC group as shown in Figure 3A (p<0.05).
Tgf-£1 levels increased on day 3 in the BC group but were lower
in the SS and AOCC treatment groups. On day 7, Tgf-g1 levels
were higher in the treatment groups. On day 14, Tgf-1 levels
were high in the BC group but decreased especially in the SS
treatment group. On day 21, Tgf-B1 levels were highest in the
BC group, while they decreased in the SS and AOCC treatment
groups and were measured close to each other.

In the BC group treatment group rats, the Vegf-a mRNA gene
expressions of all days also showed a significant increase, as well
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as in the expression levels of other genes, when compared with
the HC group data. These increases ranged from 1.34 to 2.33
fold. In the SS group treatment group rats, the Vegf-a mRNA
gene expressions of all days also increased compared to the HC
group. The increases ranged from 1.19 to 2.42 fold (p <0.05). In
the AOCC treatment group rats, the Vegf-a mRNA gene expres-
sion levels of all days were significantly increased compared to
the HC group: 1.34 fold, 2.64 fold, 1.71 fold, and 1.18 fold, respec-
tively (p <0.05).

On day 3, Vegf-a levels were high in the BC group, while they
tended to decrease slightly in the SS and AOCC treatment
groups. On day 7, Vegf-a levels tended to increase slightly in
the treatment groups compared to the BC group. On day 14,
Vegf-a levels were again quite high in the treatment groups
compared to the BC group (especially in the SS group). On
day 21, a decrease in Vegf-a levels was observed in the SS and
AOCC groups compared to the BC group, but there was no sig-
nificant difference between the treatment groups, as shown in
Figure 3B (p <0.05).

As shown in Figure 3C, the IL-6 gene expression was increased
in all burn groups (BC 3d, 7d, 14d and 21d) by 2.26-fold, 1.65-
fold, 2.18-fold, and 1.21-fold, respectively, compared to the HC
group (p<0.05). In SS treatment groups, IL-6 gene expression
increased 1.96-fold and 1.44-fold in SS 3d and 7d, respectively,
compared to the HC group, and decreased 1.05-fold and 1.04-
fold in SS 14d and 21d groups (p <0.05). AOCC treatment sig-
nificantly increased the IL-6 gene expressions by 1.76-fold,
1.34-fold, 1.21-fold, and 1.08-fold, respectively, for AOCC 3d, 7d,
14d, and 21d groups compared to the HC group (p <0.05). While
the IL-6 gene levels were high in the BC group on the 3rd and
7th day data, these values were lower in the SS and AOCC treat-
ment groups. On the 14th day, the BC IL-6 value was the highest,
and the lowest in the SS group. On the 21st day, the IL-6 values
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FIGURE 3 | Gene expression results of related genes in skin tissues (AOCC, spray treatment group; BC, burn control group; HC, healthy control

group; SS, silver silfadiazine group).
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obtained from the BC, SS, and AOCC groups were found to be
very close to each other.

Similarly, Tnf-a mRNA gene expression increased (Figure 3D) in
the BC 3d, 7d, 14d, and 21d group rats compared to the HC group
(6.56-fold, 2.59-fold, 2.06-fold and 1.29-fold, respectively). In SS
treatment groups, Tnf-a gene expression increased 3.16-fold,
1.31-fold, and 1.08-fold in SS 3d, 7d, and 14d groups, respectively,
compared to the HC group, and decreased 1.02-fold in the SS 21d
group (p<0.05). AOCC treatment significantly increased the
Tnf-a gene expressions by 2.97-fold, 1.73-fold, 1.28-fold, and 1.09-
fold, respectively, for AOCC 3d, 7d, 14d, and 21d groups com-
pared to the HC group (p<0.05). The Tnf-a gene level showed
its highest value in the BC group on day 3. The lowest Tnf-a gene
level was seen in the SS group on day 7. The Tnf-a gene levels of
the AOCC treatment group were at similar levels on all days.

4 | Discussion

Burn wound repair is a complex process that includes hemo-
stasis, vascularization of the burn skin, inflammation, re-
epithelialization, and tissue remodeling by restoring collagen
production. Due to its prevalence and high frequency in society
today, the development of therapeutic treatments for skin wound
repair has become a priority for scientists [19]. Topical drugs
that are frequently used for this repair and have a widespread
marketing area worldwide are usually produced with antibiotic,
antimicrobial, and antiseptic active ingredients. In addition,
research on the therapeutic effects of the direct use of herbal
cures, especially herbal mixtures and extracts, which increase
epithelial formation and have antioxidant properties, has been
rapidly increasing recently. In recent years, researchers have
been developing more useful and technological methods such
as biomaterials, biogels, and sprays prepared with effector ma-
terials to clean wounds quickly and painlessly and to maintain
wound integrity and moisture [20]. In our study, we investigated
the healing effects of the spray form of the mixture of Aloe vera,
Olea europaea, Chamomilla recutita, and Cocos nucifera (AOCC)
plant extracts, which have not been investigated as a mixture
before, in a second-degree burn model. We demonstrated the
therapeutic effects of AOCC in terms of oxidative stress markers
and the expression levels of genes that regulate oxidative stress
processes and inflammation in wound healing.

MDA is a metabolite of lipid peroxidation, which is also an in-
dicator of membrane stability in cells and one of the important
indicators of the presence of oxidative stress in cells and tissues
[21]. Similarly, the parameter used to determine antioxidant
mechanisms in tissues is the measurement of SOD enzyme val-
ues. Increased MDA levels and decreased SOD levels in tissues
are considered indicators of oxidative stress [22]. In our study,
MDA and SOD parameters were selected because they are im-
portant indicators in reflecting redox balance, along with their
known functions in oxidative homeostasis for the cell and their
potential therapeutic effects [23]. In our study, parallel to the lit-
erature, when the MDA and SOD levels obtained from the BC
group individuals were compared with the results obtained from
the HC group individuals, it was found that the MDA levels in
the BC group individuals increased significantly on the 3rd, 7th,
14th, and 21st days, while the SOD levels decreased significantly

(p<0.05). In the SS and AOCC groups, MDA levels decreased
significantly on the 3rd, 7th, 14th, and 21st days, while SOD lev-
els increased significantly (p <0.05). In a study examining the
healing, rejuvenating, and scar-healing effects of mesenchymal
stem cells and platelet-rich cells on skin burns, it was reported
that SOD activities decreased in burn control groups, while MDA
levels increased significantly. In the same study, in contrast to
this situation, SOD activities increased in burnt tissue samples
in the treatment groups, while MDA levels decreased [24].

One of the most important mechanisms that provide regener-
ation in the wound healing process is growth factors [20]. It
is well known that growth factors play a role in cell prolifera-
tion, angiogenesis, which means the formation of new vessels
by budding from existing vessels, and the formation of new
connective tissue (granulation tissue) containing microscopic
blood vessels and myofibroblasts that develop in the wound area
during the healing process, and their importance in the wound
healing process [25]. In the current study, we analyzed Tgf-81
and Vegf-a. Tgf-B1 plays important roles in the wound healing
center [20, 25]. It is now well known that Tgf-B1 stimulates my-
ofibroblast differentiation, which is a feature of fibrotic diseases
[26]. Tgf-B1 also stimulates some cells that are important com-
ponents of wound healing mechanisms, including monocytes,
endothelial cells, keratinocytes, and fibroblasts [27]. Finally, it is
emphasized that Tgf-f1 is a type of cytokine that regulates func-
tional events such as cell proliferation, cell motility (diapedesis),
cellular differentiation, and cellular adhesion [28]. In a study
conducted by Schultze-Mosgau et al. [29], inhibition of Tgf-81
activity showed less fibrosis and significant collagen type I-IV
fiber production. Therefore, Tgf-81 may be the driving force be-
hind new connective tissue formation. Ghahary and colleagues
reported that healthy skin formation has higher Tgf-8 mRNA
levels than burned skin [30].

In parallel with these results, AOCC treatment induced fibro-
blast activity, epithelial regeneration, and keratinization by in-
creasing Tgf-f1 levels. In contrast, there is an opposite result
where Tgf-B1 delays re-epithelialization, and Tgf-f1 inhibition
promotes wound healing. However, in the same study, Tgf-g1
inhibition was shown to reduce fibrosis and myofibroblast dif-
ferentiation during the wound healing process [31]. The reason
for these conflicting results is probably due to the tissue samples
studied belonging to different tissues because they studied cor-
neal wound healing while we studied skin wound healing.

Like the Tgf-f1, Vegf-a plays many roles in angiogenesis, which
is important in the skin regeneration process [32]. Li et al. [33]
showed that Vegf-a mRNA expressions decreased in second-
degree burnt skin [33]. In a similar study, Bayir et al. [20]
showed that Vegf-a expression values decreased in the burnt
control group. These researchers showed that the mixture of
beeswax, olive oil, and butter they used for treatment signifi-
cantly increased the Vegf-a mRNA expression level. In our
current study, we showed that Vegf-a levels decreased in burnt
skin, while AOCC treatment increased Vegf-a expressions. It
was thought that AOCC treatment increased Vegf-a levels and
provided new vessel formation.

Pain, redness, swelling, and inflammation, which are consid-
ered natural responses of cells to injury and infection and are
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necessary for cell homeostasis, are very important elements for
the tissue to regain its former state and to re-function [34]. Local
cells, intracellular mediators, and intercellular matrix elements
play a role in the inflammatory process. With a beneficial in-
flammatory response for cells, agents that damage cells and tis-
sues are cleared, and physiological functioning is restored. Since
an unsuccessful inflammatory response will cause morbidity, it
can have negative effects on many vital pathways in cells. Also,
excessive inflammation and weakened immune response can
damage normal tissues and prevent wound closure, becoming
the primary causes of abnormal wound formation [35]. In these
cases, cytokines are activated. In particular, IL-6 and Tnf-a are
the most important of these cytokines. Detection of expression
levels of proinflammatory cytokines such as Tnf-a, IL-6, and IL-
1B in serum or tissue is among the frequently preferred markers
in wound healing studies [36].

In the present study, we also studied mRNA gene expression lev-
els of IL-6 and Tnf-a genes, which are closely related to growth
factors. In our study, as a result of burn application, the level of
IL-6 gene expression increased significantly, as expected. This
increase created an inflammatory response in the skin tissue,
leading to the accumulation of inflammatory-related cells and
distant organ damage. On the contrary, AOCC treatment re-
versed the significant increase in IL-6 levels triggered by burn
and brought them to the healthy control level. When our results
for another inflammatory marker, Tnf-a, were evaluated for
AOCC, the results were similar to the IL-6 results.

Especially the IL-6 gene has great effects on the pathogenesis of
inflammatory diseases in terms of its effect on the innate or ac-
quired immune system and systemic effects. Therefore, IL-6 has
become a target in treatments. It plays a role in gene activation
and the initiation of a wide range of biological activities in the
cell by binding to the cell membrane. In addition, the IL-6 gene
increases the activation of neutrophils, attracts marginal neu-
trophils to the circulation, and causes an increase in Vegf levels
in synovial cells by creating a synergistic effect with Tnf-a. In
this way, it is responsible for angiogenesis and endothelial cell
proliferation with a chain of interactions [37].

It has been determined by studies conducted on diabetic rats
that the polyphenols in the olive leaf extract contained in AOCC
have antioxidant activity, affect, and facilitate the wound heal-
ing process, and olive leaves also have antibacterial activity [38].
It has also been determined that the extract obtained from Aloe
vera leaves contained in the AOCC causes the emergence of
hair follicles in the skin and an increase in the skin's natural
epithelial cells; thus, the cells begin to return to their normal
activity with an increase in the collagen rate [39]. The study of
extracts obtained from coconut husk fibers and fruit revealed
that these extracts exhibited antimicrobial activity against
Staphylococcus aureus, a common cause of skin infections [40].
It has been reported that Chamomilla recutita (Matricaria re-
cutita) can be evaluated as a potential candidate in the design
of effective antifungal formulations suitable for the treatment of
dermatophytosis and other fungal infections. These nutritious
and infection-protecting products provide benefits in preserving
the moisture of the skin as well as their ability to renew the skin
layers [41].

5 | Conclusions

In this study, the medical value of the application of AOCC spray
mixture in the wound healing of deep second-degree burns in
Wistar rats was investigated at biochemical and molecular lev-
els. For this purpose, changes in MDA and SOD biochemical
parameters and Tgf-f1, Vegf-c, IL-6, and Tnf-a gene expression
levels were examined. It can be said that the AOCC spray mix-
ture exhibits positive effects on burn-inducing rats thanks to the
ingredients in its content. These positive effects of AOCC can be
attributed to its antioxidant, antiseptic, and anti-inflammatory
properties. We believe that our study will shed light on the de-
tailed examination of biochemical and metabolic pathways af-
fecting the wound healing process in future research and that
AOCC obtained by traditional methods may be an effective
wound care product.
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