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Abstract
Aim This study was conducted as a randomised controlled study to determine the effect of tea tree oil on acute wound
healing.

Methods Rats were divided randomly into two groups, non-diabetic and ‘diabetic’; rats in the diabetic group were made
diabetic by intraperitoneal streptozotocin induction at 50 mg/kg. Each group was then subdivided into sunflower oil, tea tree
oil and saline (0.9% NaCl) groups. After incisional wound formation, rats were wound-dressed according to their treatment
group every day for 15 days. On day 3, 7 and 15 following the wound formation, 0.5cmx0.5cm full thickness tissue samples
were taken and examined histopathologically.

Results On day 3, the epithelisation and inflammatory cell density of the non-diabetic tea tree oil group was found to be
statistically significantly higher than the diabetic saline group. There was a statistical difference in favour of the non-diabetic
tea tree oil group in terms of procollagen and mature collagen density. In addition, the non-diabetic tea tree oil group had
a statistically higher angiogenesis amount than the diabetic and non-diabetic saline and the diabetic sunflower oil groups
on day 15 (p<0.05).

Conclusions It has been determined that tea tree oil has an accelerating effect on wound healing and is an alternative

method that can be used in wound dressing.
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Introduction

In patients with diabetes mellitus (DM), decreased cellular
infiltration, angiogenesis, granulation tissue and collagen
delay wound healing'2. This situation leads to increased
prolonged hospital stay, and therefore health spending?.
In the meta-analysis conducted by Zhang et al.* there
is a significant relationship between DM and the risk of
infection in the surgical wound. In another study, the rate of
surgical site infection (6.1%) was higher in patients with DM
compared to patients without DM (4.3%), and their duration
of hospital stay was significantly longer®.

Selecting the appropriate dressing material for the wound helps
prevent wound healing complications®’. Various problems,
such as the emergence of resistant microorganisms in recent

years and the lack of effective, new generation antibiotic
production, directed healthcare professionals interested in
wound care to focus on dressing materials. Thus, the use of
herbal products has increased in wound care?®®.

One type of herbal product used in wound treatment is tea
tree oil. Tea tree oil, which has antifungal, antibacterial and
antiviral effects, has long been used for various purposes,
including as an antiseptic’®''. Tea tree oil, which has a long
history in integrated medicine, is accepted as a suitable
disinfectant for topical use due to its easy application to the
skin and is considered as an effective topical antimicrobial
product''. In the study conducted by Falci et al.'?, tea tree oil
was found to be effective on Staphylococcus aureus resistant
bacteria which had been isolated from lower extremity
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wounds. In a study conducted by Chin and Cordell™, it was
reported that tea tree oil accelerates the healing of wounds
contaminated with S. aureus and abscess complications.

In addition to its antibacterial effect, there are some studies
reporting its contribution to wound healing. In the study by
Gonzalez-Palomares et al.', it was reported that tea tree
oil has a significant beneficial effect on wound healing and
especially on cell proliferation and muscle function in rats
with diabetic ulcers. In another study, an excisional wound
was created in rats and a chitosan-based dressing was
applied with a mixture of rosemary oil and tea tree oil, and it
was found that the applied mixture increased the percentage
of wound contraction and reduced oxidative stress in the
wound area'.

The nurse is an active member of the surgical team, and
plays an important role in the planning and maintenance of
preventive, therapeutic and rehabilitative care'®. The nurse
decides the most appropriate product after assessing the
wound, wound care products and wound care practices'” '8,
The nurse should not only have extensive wound care
knowledge, but also be able to extend this knowledge by
producing new, evidence- and science-based solutions'"°.

In the literature, no studies have examined the effect of
tea tree oil on wound healing acute wounds in DM. In this
study, it was aimed to accelerate wound healing with a more
economical, easier and more effective care in individuals
with DM and contribute to the wound care literature. The
study was conducted to determine the effect of tea tree oll
on wound healing in diabetic rats.

Materials and methods
Samples

Total of 48 male 2-month-old Sprague-Dawley® rats were
used in the study. The adequacy of the sample was decided
based on a post-hoc power analysis. Power was found
to be 99% for n=47, alpha=0.05 and effect size=0.8. The
environment of rats was maintained at an average of 20°C
and humidity between 40-50%. It was ensured that circadian
rhythms were regular (12 hours day and 12 hours night).
The animals were kept in separate cages after the surgical
procedure to prevent them from harming each other. All
rats were provided with standard rat feed and tap water
during the study. Before starting the study, written approval
(Certificate of approval no.16/122) was obtained from Erciyes
University’s local ethics committee of animal experiments.
All procedures performed on the animals were in compliance
with the Helsinki Declaration and the Guide for Care and Use
of Laboratory Animals. All efforts were made to minimise
animal suffering.

The rats were divided into two groups, a non-diabetic group
(n=24) and a diabetic group (n=24), by a simple randomisation
method (n=48); a single dose of 50mg/kg intraperitoneal
streptozotocin (STZ) (Sigma Aldrich, Germany) was
administered to the latter group to induce hyperglycaemia

(n=24). These two groups were then further divided into three
subgroups, sunflower oil (n=8), tea tree oil (n=8) and saline
(0.9% NaCl) (n=8), also by a simple randomisation method.
On day 3 after drug induction, the rats with blood glucose
>250mg/dL measured from the tail vein were considered
diabetic?’. One rat in the non-diabetic saline group was not
able to tolerate anaesthesia and was lost. The study was
completed with 47 rats (Figure 1).

Materials

The tea tree oil and sunflower oil used in the study were
obtained from NU-KA Import Export Marketing Industry
Limited Company (catalogue number: 9211; density: 0.895
at 10°C). It has been reported that the minimum amount of
terpineol-4 of tea tree oil should be 30%, and the amount of
1,8-cineole should be a maximum of 15%?2'. The tea tree oil
used contains 40.79% terpineol-4 and 2.70% 1,8-cineole.
Tea tree oil was diluted in sunflower oil at a rate of 5%.
Sunflower oil is one of the essential oils and thought to have
no effect on wound healing. 1 ml of the prepared solution
was applied to each rat in the diabetic and non-diabetic
tea tree oil groups with dressing. This ratio was preferred
because no skin irritation was observed when using 5%
diluted tea tree oil in the literature®.

Wound formation and follow-up

Rats were anaesthetised with 50mg/kg Ketamine
Hydrochloride+10mg/kg Xsilazine intraperitoneally. A 5cm
long full-thickness skin incision was made to the cephalic
region of the rats’ backs®2* using a number 15 scalpel
and the procedure was completed by suturing with 3/0
silk (Figure 2). In accordance with the defined group, the
incisional wound was dressed with either 1ml 5% diluted tea
tree oil, sunflower oil or saline solution once daily for 15 days
(Figures 3 & 4).

Ondays 3, 7 and 15 following wound formation, 0.5cmx0.5cm
full thickness tissue samples were taken from the rats under
anaesthesia with a biopsy punch, leaving a distance of
1cm between biopsies. Tissue samples were fixed with
4% formaldehyde. Tissues waiting 48 hours in the fixation
solution were left in running tap water overnight, then
passed through an increasing series of alcohol, then purified
with water and transparented with xylene, embedded in
paraffin and blocked for light microscopy examination. For
histopathological analysis, 5-6pym sections were examined
by Hematoxylin-Eosin (H+E) staining and Masson’s triple
staining (trichrome) technique. Histopathological examination
was performed by two histologists who were blinded to
groups and tissue samples. Histopathological examination
was based on inflammatory cell density, procollagen content,
mature collagen content, vascularisation, epithelisation and
fibroblast density.

Evaluation of tissue samples

In our study, tissue samples were evaluated semi-
quantitatively based on the literature®?¢. On days 3, 7
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and 15, the inflammatory cell density, fibroblast density,
amount of procollagen/mature collagen and epithelisation
level were evaluated and the data were scored between 1-5
points after H+E and Masson’s triple staining under a light
microscope and classified accordingly (Figure 5). During
the repair process of a wound, active fibroblasts display a
more basophilic cytoplasm which can be easily observed
under a light microscope; in this way, fibroblast cells were
distinguished from stromal cells?”. Therefore, angiogenesis
was evaluated by counting vessels one by one under the
microscope, the level of angiogenesis is not included in the
scoring. At the end of the study, rats were sacrificed by an
intraperitoneal high dose (100mg/kg) pentobarbutal injection.

1 None at all

2 Insufficient

3 Moderate

4 Good (enough)
5 Very good

Figure 5. Histopathological scoring

Statistical analysis

Data were analysed with SPSS 22.0 software. Shapiro-Wilk
test and Q-Q graphs were used to determine whether the
numerical data were suitable for normal distribution. Data
with normal distribution were evaluated with Kruskal-Wallis
and post-hoc Dunn’s test. The results were reported as mean
+ standard deviation (mean+SD). In all results, p<0.05 was
considered statistically significant.

Results

Results were based on analysis of inflammatory cell density,
fibroblast density, angiogenesis, amount of procollagen/
mature collagen and level of epithelisation.

Inflammatory cell density

There was a significant difference between the groups in
terms of inflammatory cell density. This difference is due to
the results from the non-diabetic tea tree oil group and the
diabetic saline group; the inflammatory cell density of the
former was found to be statistically significantly higher than
the latter (p<0.05) (Table 1 & Figure 6). The non-diabetic and

Figure 2. Wound formation process

Figure 3. General view of the wound site in the diabetic group
on day 3:
A=saline group; B=tea tree oil group

Figure 4. General view of the wound site in the non-diabetic
group on day 15:
C=tea tree oil group; D=sunflower oil group
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diabetic teatree oil groups did not make a significant difference
compared to the diabetic and non-diabetic sunflower oil
groups. Additionally, the diabetic and non-diabetic sunflower
oil groups did not make a significant difference compared to
the saline groups.

Fibroblast density and amount of procollagen/mature
collagen

Fibroblast density was higher in the non-diabetic tea tree
oil group than the diabetic sunflower oil group. There was a
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Figure 1. Flow chart of the study

statistical difference in favour of the non-diabetic tea tree oil
group in terms of procollagen and mature collagen density
on days 3, 7 and 15 of the study (p <0.05) (Tables 1-3). In
addition, it was determined that the procollagen density of
the non-diabetic tea tree oil and non-diabetic sunflower oil
groups were higher on days 3 and 15 than the diabetic tea
tree oil and diabetic sunflower oil groups (p<0.05) (Tables 1
& 3; Figure 7).

Angiogenesis

While there was no significant difference between the groups
in terms of angiogenesis on day 7 of the study (p>0.05), it
was found that the non-diabetic tea tree oil group had a
statistically higher angiogenesis amount than the diabetic
and non-diabetic saline groups and the diabetic sunflower oil
group on day 15 (p<0.05) (Tables 2 & 3).

Epithelisation level

On day 3 of the study, the epithelisation level was found to
be statistically significantly higher in the non-diabetic tea tree
oil group than the diabetic saline group (p<0.05) (Table 1).
No significant difference was found in terms of epithelisation
levels on day 7 and 15 of the study (p>0.05) (Tables 2 & 3).

Discussion

In one study, it was reported that the toxicity of tea tree
oil applied to the skin is limited and anti-inflammatory
components penetrate the vascular dermis to regulate
inflammatory processes?®. Similarly, it has been shown
that tea tree oil can selectively regulate cell function,
particularly monocyte activity, during inflammation and
control inflammatory responses to foreign antigens in the skin
following topical application®. In our study, the inflammatory
cell density of the non-diabetic tea tree oil group was found
to be statistically significantly higher than the diabetic saline
group. Considering the effect of inflammatory cell density on

Table 1. Wound healing parameters on day 3 according to the different groups

Wound healing parameters

Inflammatory cell density
Mean+SD (Min-Max)

Procollagen
Mean+SD (Min-Max)

Mature collagen
Mean+SD (Min-Max)

Epithelisation
Mean+SD (Min-Max)

Diabetic

Tea tree ol 3.12+0.64 (2-4)* 1.500.53 (1-2) 1.62+0.51 (1-2)% 3.12+0.64 (2-4)®
Sunflower oil | 2.75+0.46 (2-3)* 1.25+0.46 (1-2) 1.000.00 (1-1) 2.50+0.92 (1-4)=
Saline 2.14+0.37 (2-3)° 1.28+0.75 (1-3) 1.14+0.37 (2-3)* 2.14+0.37 (2-3)°
Non-diabetic

Tea tree ol 3.42+0.78 (3-5)° 2.42+0.53 (2-3)° 1.85+0.69 (1-3)° 3.57+1.13 (2-5)°
Sunflower oil | 3.00+0.75 (2-4)*° 2.37+0.74 (1-3)° 1.500.53 (1-2)* 2.87+0.83 (2-4)®
Saline 3.33+1.03 (2-5)° 2.33+1.03 (1-3)* 1.66+0.51 (1-2)® 3.50+0.83 (2-4)®
p* | 0.016 | 0.004 | 0.020 | 0.023

* Kruskal Wallis and post-hoc Dunn’s analysis were performed
ab The same letters signified no difference and different letters signified the presence of between-groups differences.
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wound healing, tea tree oil can therefore be considered to
have a positive effect on wound healing based on this finding
in our study.

Fibroblasts are one of the most dominant cell types in the
proliferation stage of wound healing®3'. Collagen synthesis
and granulation tissue formation is required to increase the
number of fibroblasts. During the proliferation phase, some
cells in the wound area differentiate into fibroblasts via
chemical signals, and fibroblast migration to the wound site
begins®. As the wound approaches the maturation stage,
there is a decrease in the number of fibroblasts in the wound
area®. On day 7 and 15 of the study, a significant difference
was found between the groups in favour of the non-diabetic
tea tree oil group.

Collagen formed by the activity of fibroblast cells is the main
macro molecule of connective tissue4. Collagen synthesis
begins as procollagen 4-5 days after injury and is converted
to mature collagen approximately 2 weeks later®. In our

study, there was a statistical difference in favour of the
non-diabetic tea tree oil group in terms of procollagen and
mature collagen density on days 3, 7 and 15 of the study. At
the same time, it was determined that the procollagen density
of the non-diabetic tea tree oil and non-diabetic sunflower oil
groups were higher on day 3 and 15 than the diabetic tea tree
oil and diabetic sunflower oil groups. Impaired functioning of
the inflammatory process in diabetes affects the other stages
of the healing process, reducing collagen production®. In line
with this literature, it was found that procollagen and mature
collagen concentrations were lower in the diabetic group
than the non-diabetic group.

As part of granulation tissue formation, vascular endothelial
growth factor and fibroblast growth factor contribute to
endothelial cell proliferation and vascular formation®. The
newly formed vessels play an important role in healing,
facilitating the transportation of oxygen and nutrients to
the wound site. In patients with diabetes and vascular

Table 2. Wound healing parameters on day 7 according to the different groups

Wound healing parameters

Fibroblast Procollagen Mature collagen Epithelisation Angiogenesis
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
(Min-Max) Min-Max) (Min-Max) (Min—-Max) (Min—Max)
Diabetic
Tea tree oil 3.75+0.70 (3-5)* 3.62+0.74 (3-5)2 3.00+0.00 (3-3)° 4.62+0.74 (3-5) 11.12+4.58 (5-19)
Sunflower oil | 2.50+0.53 (2-3)° 2.50+0.53 (2-3)° 2.00+0.00 (2-2)° 4.50+0.75 (3-5) 10.62+5.44 (3-18)
Saline 2.50+0.92 (1-4)* 2.50+0.92 (1-4)° 2.37+0.51 (2-3)° 4.00+0.92 (3-5) 8.62+5.62 (2-21)
Non-diabetic
Tea tree oll 4.00+1.15 (2-5) 4.14+1.06 (2-5)2 3.57+0.53 (3-4)? 4.71+0.75 (3-5) 13.71+4.53 (7-19)
Sunflower oil | 3.00+0.75 (2-4)* 2.50+0.53 (2-3)* 2.00+0.00 (2-2)° 4.50+0.75 (3-5) 10.62+5.44 (3-18)
Saline 2.85+0.37 (2-3) 3.00+0.00 (3-3) 3.00+0.57 (3-4)° 4.42+0.53 (4-5) 9.28+4.68 (5-19)
p* | 0.006 | 0.003 | 0.000 | 0.448 | 0.413

* Kruskal Wallis and post-hoc Dunn’s analysis were performed

ab The same letters signified no difference and different letters signified the presence of between-groups differences

Table 3. Wound healing parameters on day 15 according to the different groups

Wound healing parameters

Fibroblast Procollagen Mature collagen Epithelisation Angiogenesis
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
(Min—Max) (Min—Max) (Min-Max) (Min—Max) (Min—Max)
Diabetic
Tea tree oil 2.37+0.51 (2-3)* 2.25+0.46 (2-3)2 3.50+0.53 (3-4)? 4.87+0.35 (4-5) 10.62+3.85 (6-17)?
Sunflower oil | 2.00+0.00 (2-2)? 2.00+0.00 (2-2)2 2.14+0.37 (2-3)° 4.71+0.75 (3-5) 5.28+2.28 (3-8)°
Saline 2.16+0.40 (2-3)* 2.00+0.00 (2-2)2 2.50+0.54 (2-3)° 4.50+0.54 (4-5) 5.83+2.48 (3-9)°
Non-diabetic
Tea tree oll 2.71+0.48 (2-3)° 3.14+0.37 (3-4)° 4.00+0.81 (3-5)° 5.00+0.00 (5-5) 11.00+2.94 (8-15)?
Sunflower oil | 2.25+0.46 (2-3)* 2.75+0.70 (2-4)° 2.87+0.83 (2-4)° 5.00+0.00 (5-5) 8.00+2.50 (5-13)®
Saline 2.66+0.51 (2-3)* 2.50+0.54 (2-3)* 2.83+0.40 (2-3)° 4.66+0.51 (4-5) 6.33+2.87 (4-12)°
p* | 0.045 | 0.001 | 0.001 | 0.134 | 0.003

* Kruskal Wallis and post-hoc Dunn’s analysis were performed

ab The same letters signified no difference and different letters signified the presence of between-groups differences.
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disease, the newly formed capillary system is inadequate
for this purpose, resulting in delayed wound healing®. In
our study, while there was no significant difference between
the groups in terms of angiogenesis on day 7 of the study,
it was found that the non-diabetic tea tree oil group had a
statistically higher angiogenesis amount than the diabetic
and non-diabetic saline groups and the diabetic sunflower
oil group on day 15.

The epithelisation process starts immediately after the injury
and continues until the maturation phase'. Proliferation and
migration of epithelial cells provide closure of the wound
surface and, with completion of epithelisation, the wound
is protected from dehydration and infections®. In the study
by Sanaei et al.’¢, the Berula angustifolia plant was applied
topically to the incisional and excisional surgical wound
in diabetic rats, and the epithelisation level was found to
be significantly better compared to the control groups. In
our study, on day 3 of the study, the epithelisation level
was found to be statistically significantly higher in the
non-diabetic tea tree oil group than the diabetic saline group.

Studies have shown that some herbal products accelerate
wound healing and prevent complications in wound
models?®?4, Although there are extensive studies showing

Figure 6. View of day 3 (A, E, F x20 HE) in the following groups;
yellow arrows indicate inflammatory cells. Scores are also listed
below:
A=diabetic tea tree oil. Score: insufficient (2)
B=diabetic sunflower oil. Score: insufficient (2)
C=non-diabetic (B, C, Dx40 HE) tea tree oil.
Score: good (enough) (4)
D=non-diabetic sunflower oil. Score: moderate (3)
E=diabetic saline. Score: insufficient (2)
F=non-diabetic saline. Score: good (enough) (4)

the antibacterial, antifungal and antiviral effects of tea tree
oil, one of the products used for this purpose, there is
limited literature information on its effectiveness on wound
healing'®. A study conducted by Edmonson et al.*® found
that tea tree oil was effective on wound healing in 8 of 11
patients, reducing wound size. In the study by Gonzalez-
Palomares et al.™ it was reported that tea tree oil has a
significant beneficial effect on wound healing and especially
on cell proliferation and muscle function in rats with a diabetic
ulcer. In another study, a dressing was applied with a mixture
of rosemary oil and tea tree oil, and the applied mixture
increased the percentage of wound contraction and reduced
oxidative stress in the wound area'®. Similar to the literature,
in our study, tea tree oil has been found to positively affect
inflammatory cell density, collagen and procollagen density,
angiogenesis and epithelisation. Although it has been stated
in previous studies that tea tree oil regulates inflammatory
reaction®®?, it is not known how it affects epithelisation,
angiogenesis and collagen formation. However, we think that
this may be due to the cytokines and growth factors secreted
from inflammatory cells.

Limitations and recommendations for future research

In this study parameters such as inflammatory cell,

-

Figure 7. View of day 15 (x20 Masson’s trichrome) in the
following groups; yellow arrows indicate procollagen density.
Scores are also listed below:

A=non-diabetic tea tree oil. Score: very good (5)

B=diabetic tea tree oil. Score: good (enough) (4)
C=non-diabetic sunflower oil. Score: insufficient (2)
D=dliabetic sunflower oil. Score: moderate (3)
E=non-diabetic saline. Score: moderate (3)

F=diabetic saline. Score: insufficient (2)
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fibroblast, procollagen and mature collagen density as well
as vascularisation number were evaluated by H+E and
Masson’s trichrome staining. Due to the financial limitations,
it was not possible to use immunohistochemical methods
which can measure the healing parameters more objectively.
Therefore, for example, the fibroblast density on day 3 and
the number of inflammatory cells on days 7-15 could not be
analysed. Furthermore, it is recommended that the repetition
of a similar study be performed using immunohistochemical
analysis. It is also recommended to further investigate the
components of tea tree oil and conduct advanced studies to
understand the mechanism of action of the active substance
which has a healing effect.

Conclusion

In conclusion, it has been determined that tea tree oil has an
accelerating effect on wound healing and is an alternative
method that can be used in wound dressing. In addition,
our study is the first to demonstrate the effect of tea tree oll
on wound healing in an acute wound. For this reason, it is
thought to contribute to the literature.
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