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Hazelnut Has Potency on Wound Healing Associated with

Immunohistochemical Biomarkers

Alper Cirakli"*, Havva Erdem?
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ABSTRACT

Background: In this study, it was aimed to evaluate the impact of hazelnut on wound healing
by using its immunohistochemical impacts on Claudin-5, Tumor Necrosis Factor-alpha (TNF-a),
tumor Protein-63 (p63), and Insulin-like Growth Factor-1 (IGF-1) expression. Materials and
Methods: Seventy-two male Wistar-Albino rats were used. Nine groups with 8 rats each group,
and 3, 7, and 14 days groups were formed as oral, local, and control groups. Samples obtained
from rats were evaluated with these immunohistochemical biomarkers. Results: Claudin-5
scores were found to be statistically significant in the oral group on all days (p=0.007, p=0.002,
p=0,014). TNF-a. scores were found to be statistically significant on the 3 and 7t" days in the
local and oral groups (p=0.040, p=0.001). p63 scores were found to be statistically significant
in the oral group when looking at the 14* day values (p=0.007). IGF-1 scores were found to be
statistically significant on the 7* and 14 days in the local group (p=0.040). Conclusion: It was
determined that hazelnut has positive impact on wound healing by stimulating the claudin-5,
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INTRODUCTION

Plant or plant-derived products have been tried and used in
medicine for centuries.' The health benefits of hazelnuts are also
known. However, it is seen that the number of scientific studies
conducted with hazelnuts is quite low. In these studies, positive
impacts of hazelnut on wound healing have been reported
histochemically.?® It is thought that hazelnut has this impact
because of its antioxidant contents, especially selenium and
Vitamin-E. The demonstration of its beneficial impacts with new
scientific studies, may enable it to be used as a food supplement
for wound healing.

The development of immunohistochemical methods has opened a
new field for wound healing studies. Because of that many studies
have been reported. Ortiz-Ray et al.* stated that fibronectin and
tenascin were detected in most of the vital injuries in rat skin
and muscle. In another study, platelet-derived growth factor can
stimulate the repair defects of articular cartilage in an animal
model was expressed.” But there is no study conducted with
hazelnut on wound healing associated with immunohistochemical
biomarkers in the literature. We aim to determine the impact
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of hazelnut on wound healing with claudin-5, TNF-a, p63, and
IGF-1.

MATERIALS AND METHODS

Study design

The study was performed with the approval of the Ordu
University Local Committee (dated 16.02.2021, number 1/
decision 2 and 3), and animal rights were protected. Seventy-two
male Wistar-Albino rats (200-250 g) were used. The rats were
randomly divided into 9 groups. So, it was prepared as 8 rats in
each group. Hazelnut was applied to these groups on different
days (3, 7, and 14).

In the oral group, hazelnuts were mixed with the feed of the
animals and their consumption was controlled. In the local group,
hazelnut was mixed with a sponge and placed on the wounds. The
impact of hazelnut on wound healing was evaluated by claudin-5,
TNEF-a, p63, and IGF-1 immunohistochemically.

Surgical procedure

Rats were shaved and disinfected under anesthesia.
Approximately 1 cm skin incision was generated. Saline impressed
sponge (Clinisponge®, Turkiye) was applied in groups control
and oral. and hazelnut was fed to oral group at 500 mg/kg per
day according to the quantity from Shahidi and Alasalvar.® For

the local group, 1 cm?® hazelnut impressed sponge was applied.
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Wounds were primarily repaired with 3/0 polypropylene sutures
(Dogsan, Turkey). The rats were kept at normal room temperature
and humidity by being fed standard pellet chow and tap water on
a 10/14 hr light/dark light cycle, 4 in each cage. Samples obtained
from rats were evaluated.

Immunohistochemical evaluation

The samples were previously removed with tissue adjacent to
the suture site. They were fixed with 4% buffered formalin, and
properly blocked with paraffin. Four sections, five micrometer
thick, were taken from these blocks on different slides. These
slides were stained with claudin-5, TNF-a,, p63, and IGF-1. The
slides were examined with light microscopy (Nikon, Japan) at
400x magnification. The sections for immunohistochemical
study were marked with Leica Bond-Max IHK staining device
(Vision Biosystems, Australia).

Claudin-5 (ab15106) (diluted at a ratio of 1:100), TNF-o (1 mL,
lyophilized, Santa Cruz-sc130349, USA) (diluted at a ratio of
1:250), p63 (leica) (diluted at a ratio of 1:100), and IGF-1 (EMD
Millipore CBL52 M23) (diluted at a ratio of 1:100) were used.

Claudin-5, TNF-a, p63, and IGF-1 were analyzed. Cells were
enumerated with light microscope (magnification x400) and
the percentage of stained cells were counted in all visual fields.
The values were calculated and grouped according to the scoring
levels from Aslan et al.” (0-3): without marked cells, 0; <25%
marked cells, 1; 25-50% marked cells, 2; >50% marked cells, 3.

Statistical evaluation

The data were analyzed using the Statistical Package for the Social
Sciences (SPSS Inc., USA) 22.0. The conformity of the variables
to the normal distribution was examined with Histogram Graphs
and Kolmogorov-Smirnov Test. Mean, standard deviation,
median values, number and percentage were used when
presenting descriptive analyzes. The Mann Whitney U Test
was used when evaluating non-normally distributed variables
between two groups, and the Kruskal Wallis Test was used when
evaluating between more than two groups. p-value under 0.05
was accepted statistically significant.

RESULTS

When the results were evaluated by days, Claudin-5 and TNF-a
scores were found to be statistically significant in the oral group
when looking at the 3™ day values (p=0.027, p=0.033) (Figures
1 and 2). Claudin-5 and TNF-a scores were also found to be
statistically significant in the oral group when the 7 day values
were examined (p=0.013, p=0.002). Claudin-5 ve p63 scores
were found to be statistically significant in the oral group when
looking at the 14 day values (p=0.047, p=0.007) see Figure 3 and
Table 1).
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When the results were evaluated by groups, TNF-o scores were
found to be statistically significant on the 3" and 7% days in the
local and oral groups (p=0.040, p=0.001) (Table 2).

When the results were evaluated based on whether there is
staining or not; TNF-o scores were found to be statistically
significant on the 7™ day in the local group (p=0.030). IGF-1
scores were found to be statistically significant on the 7* and 14*
days in the local group (p=0.040) (Figure 4). TNF-a scores were
found to be statistically significant on the 3™ and 7* days in the
oral group (p=0.002) (Table 3).

When the results are evaluated on average values; Claudin-5 was
statistically significant in the oral group on all days (p=0.007,
p=0.002, p=0,014). TNF-o. was statistically significant in the oral
group on 3 day (p=0.015), in the oral and local groups on the 7%
day (p=0.002). p63 was statistically significant in the oral group
on 14" day (p=0.002) (Table 4).

DISCUSSION

Wound healing includes different stages of inflammatory
response, which are intertwined with each other and affected
by many factors.® Since antioxidant substances prevent free
radical formation, they have positive impacts on wound healing.’
Hazelnut has antioxidant contents, especially selenium and
Vitamin-E. For this reason, it could make positive action on
wound healing.

Figure 1: Grade-2 staining of Claudin-5 is clearly observed in the oral group
on the 7" day in E part, (claudin-5 x40).
A: 3rd day control group (no staining), B: 3rd day oral group (grade 1 staining),
C: 3rd day local group (grade 1 staining), D: 7th day control group (grade 1
staining), E: 7th day oral group (grade 2 staining).
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Immunohistochemical examinations are currently the most
preferred method in the evaluation of wound healing.”® Lee et
al.'! determined that it did not contribute to the recovery when
the use of silver sulfadiazine alone, but improved wound healing
when applied with epidermal growth factor.!" Saarista et al.!?
found that topically applied vascular endothelial growth factor
increased angiogenesis and lymph angiogenesis, so it significantly
accelerated wound healing. Mohammed et al* noted that
transforming growth factor-f has regenerative impacts on wound
healing in sheep. The impact of hazelnut on wound healing was
evaluated in our study with biomarkers consisting of Claudin-5,
TNF-a, p63, and IGF-1. We found that Claudin-5, TNF-a, p63,
and IGF-1 expression levels were significantly higher in the oral
and local hazelnut groups compared to the control groups.

Claudins are important for normal epithelial function, studies
have shown that variations in claudin expression can change
the function of tight junctions in the epithelium."* Anh et al."®
determined that expression levels of Claudin-5 are increased
when compared to other claudin family members in mouse
plecenta. Claudin-5 is present in the vascular endothelia of the
skin, brain, and lung in mice.!® Morita et al.” stated that the
impacts of claudins on epithelial and endothelial function may
influence the wound healing process because the epithelium and
endothelium are directly involved in dermal injury and repair. In
our study, it was observed that Claudin-5 scores were found to be
statistically significant in the oral group on all days.

Figure 2: Grade-1 staining of tumor necrosis factor-alpha is observed in the
oral and local groups on the different days in B, C, E, H, and | parts, (tumor
necrosis factor-alpha x40).

A: 3rd day control group (grade 2 staining), B: 3rd day oral group (grade 1
staining), C: 3rd day local group (grade 1 staining), D: 7th day control group
(grade 1 staining) E: 7th day oral group (grade 1 staining), G: 14th day control
group (grade 1 staining), H: 14th oral group (grade 1 staining), I: 14th local
group (grade 1 staining).
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TNF-a is a cytokine formed by the use of 212 amino acids mainly
synthesized by monocytes and macrophages.'® It has important
properties in the initiation and maintenance of inflammation
in autoimmune diseases such as rheumatoid arthritis, that is,

different impacts are known at different stages during
inflammatory diseases.”” It proceeds as a proinflammatory
cytokine leading to the damage of the joint.* Zahid
and Ghafoor*
in alveolar and osteotois cause a delay in the bone healing

demonstrated that increased TNF-a levels

process. Ren et al.* also stated that TNF-o was found to inhibit
vascular endothelial growth factor, which is an important factor
in the progression of wound healing. Although its negative
impacts on the literature, TNF-ou scores were found to be
statistically significant on the 3™ and 7" days in the local and oral
groups in our study.

p63 is a tumor protein that is expressed from the basal layer of
the epidermis, which controls the proliferation of cells, prevents
the elimination of autonomous cells and thus prevents tumor
formation.” Su et al.** stated that p63 expressed in response to
stresses such as wound healing. Romano et al.,® and Botchkarev
and Flores® stated that p63 has very important role in maintaining
the quiescence of stem cells, and in mediating the impacts on
epidermal development. In our study, p63 scores were found to
be statistically significant in the oral group when looking at the

14" day values in line with the literature.

M

Figure 3: Grade-2 staining of tumor protein-63 is observed in the oral
group on the 14 day in B part, (tumor protein-63 x40).
A: control group (grade 1 staining), B: oral group (grade 2 staining).
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Table 4: Claudin-5, TNF-a and p63 scores give significant results according to average values.

Control
Average Standard Median Average
Deviation
Claudin- 3  0.25 +0.46 0.00 0.88
5 day
7% 0.88 +0.35 1.00 1.63
day
14" 0.88 +0.35 1.00 1.00
day
TNEF-a 34 038 +0.74 0.00 0.50
day
7% 0.25 +0.46 0.00 0.88
day
4% 0.63 +0.52 1.00 0.25
day
p63 F4 125 +0.46 1.00 1.38
day
7% 1.50 +0.76 1.00 1.25
day
14" 1.00 +0.00 1.00 1.38
day
IGF-1 34 0.38 +0.52 0.00 0.50
day
7% 0.75 +.89 0.50 1.00
day
4% 0.88 +.64 1.00 1.00
day

TNF-o: tumor necrosis factor-alpha, p63: tumor protein-63, IGF-1: insulin-like growth factor-1.

of such markers can lead to a better understanding of the events
that occur in maintaining more precise results. Documentation
of the expressions of these markers will provide new ideas.
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Local Oral p
value

Standard Median Average Standard Median
Deviation Deviation
+0.64 1.00 1.25 +0.46 1.00 0.007
+0.52 2.00 2.13 +0.64 2.00 0.002
+0.53 1.00 1.63 +0.52 2.00 0.014
+0.76 0.00 1.38 +0.52 1.00 0.015
+0.35 1.00 1.00 +0.00 1.00 0.002
+0.46 0.00 0.38 +0.52 0.00 0.317
+0.74 1.00 1.38 +0.52 1.00 0.871
+0.46 1.00 1.88 +0.64 2.00 0.134
+0.74 1.00 2.13 +0.64 2.00 0.002
+0.76 .00 1.00 +1.07 1.00 0.386
+.53 1.00 1.25 +0.46 1.00 0.317
+.53 1.00 0.63 +0.74 0.50 0.437

SUMMARY

o Antioxidant substances prevent free radical formation, so
they have positive effects on wound healing.

o The aim of this study is to determine the effect of hazelnut
extract in wound healing on different periods with claudin-5,
TNF-a, p63, and IGF-1.

o Seventy two male Wistar-Albino rats were used. 1 cm length
wound was generated in the back regions of the rats and
surgically repaired. Rats were sacrificed at 3%, 7, and 14"
days to obtain samples. Immunohistochemical findings of
claudin-5, TNF-a, p63, and IGF-1 were evaluated.

o It was determined that hazelnut has positive effect on wound
healing by stimulating the claudin-5, TNF-a, p63, and
IGF-1expression levels.
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