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Abstract

Objective: Research in recent years focused on the role of the apelin-APJ axis in pathologic fibrosis. The
axis includes the parenchyma and mesenchymal cells of most organs. Reduction in parenchymal cells and
activation of fibroblasts generally results in fibrosis of the organ. In this study, the aim was to reveal
differences in apelin in tendons with primary repair.

Methods: The study used 15 male Wistar Albino rats. The tendons of the right and left legs of the rats were
used. Rats were divided into 3 groups containing 5 rats each. Group 1 was the sham group; Group 2 had
tendon repair performed and were sacrificed 3 weeks later; and Group 3 had tendon repair and were sacrificed
6 weeks later. Under anesthesia, bilateral tendonectomy was performed and surgically repaired. Tendons
were removed in the 3rd and 6th weeks. Samples were immunohistochemically stained for apelin and stain
degree was assessed from 0 to 4 with a light microscope. The scores were compared with the Friedman test.
Results: The results of statistical evaluation identified that the sham group had statistically significantly
higher levels compared to the scores in the other two groups. There was no significant difference identified
between the groups sacrificed in the 3rd and 6th weeks.

Conclusion: This study concluded that apelin may be beneficial for tendon healing and that apelin levels
may increase with fibrosis.
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Introduction

Address for correspondence/reprints: In the USA nearly 300 thousand tendon and
ligament repair operations are performed each year
Derya Cirakoglu (1). In spite of surgical intervention, the healing
process of tendons is slow as tendons and ligaments
Telephone number: +90 505 3156795 are hypocellular and hypovascular (2). Even 1 year
later, the structure and function of injured tendons is
E-mail: drderya79@gmail.com lower than uninjured tendons. The amelioration

response is divided into 3 intersecting stages of
inflammation, proliferation/repair and remodeling
(3). After surgical repair of the tendon, generally a
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short inflammatory phase lasting up to a week begins.
This is followed by a proliferative phase lasting
several weeks. Then, the remodeling phase lasting
several months occurs (4). During the inflammatory
phase, vascular permeability increases and the entry
of inflammatory cells into the healing area occurs.
These cells produce a range of growth factors and
cytokines involved in duties and proliferation of
fibroblasts and macrophages. During the proliferation
and remodeling phases of amelioration, fibroblasts

multiply and begin production, storage and
crosslinking of collagen (4).
Evidence in recent times proposed that

inflammation modulation in the early stages
following tendon repair may cause healing (5).
Regulated inflammation is generally beneficial for
tissue repair; however, excessive and permanent
inflammation is known to cause damage. In fact,
inflammatory cytokines attract fibroblasts to the
repair area, with excessive inflammation causing poor
clinical outcomes (6,7).

Apelin is a peptide hormone. It is an endogenous
ligand for the G-protein linked receptor called APJ.
Apelin and APJ are commonly expressed in the heart,
lungs, hypothalamus, adipose tissue, kidneys,
muscles and other organs in humans (8). Apelin is
initially synthesized as 77 amino acid precursors.
Later it converts to several mature forms like apelin
13, apelin 17 and apelin 36 (9). Apelin 13 is the main
form circulating in plasma and is considered to be
mainly effective on physiology (9). Studies in recent
years focused on the role of the apelin-APJ axis in
pathologic ~ fibrosis. ~Many organs contain
parenchymal and mesenchymal cells. The reduction
in parenchymal cells and activation of fibroblasts
generally results in the development of fibrosis in the
organ. The leading characteristics of organ fibrosis
are production of inflammatory factors, secretion in
the extracellular matrix and activation and
proliferation of fibroblasts (10). Organ fibrosis forms
in the Kidneys, heart, lungs and liver. Fibrosis reduces
the functions of the organ and causes organ failure.
Recent studies show that the apelin-APJ axis is
associated with renal fibrosis, myocardial fibrosis,
liver fibrosis and pulmonary fibrosis. Additionally,
the function of apelin-APJ in development of fibrosis
is controversial. Many factors like transforming
growth factor (TGF-B1) beta, angiotensin 2 (Ang2)
and extracellular matrix (ECM) participate in the
organ fibrosis process. These factors support cell
proliferation and differentiation, wound healing and
extracellular matrix production contributing to the
development of fibrosis (11,12). Some articles
proposed that apelin-APJ inhibits renal and

myocardial fibrosis via the TGF-f route. Contrarily,
the apelin-APJ axis increases liver fibrosis. There is
no information about the presence or efficacy of
apelin during the tendon healing process. This study
aimed to research whether apelin contributes to
healing after primary repair of tendons.

Methods

Animals

The minimum number of animals required in
order to obtain statistically significant results were
used in our study. Our study used fifteen Wistar
albino rats weighing 250-300 g initially and aged
from 4-8 weeks. During the experiment, rats were
kept in 10/14-hour light/darkness cycles, with 3
subjects per cage at normal room temperature and
humidity fed with standard pellet feed (Niikleon,
Ankara, Turkey) and tap water. Temperature was
measured with a thermometer and humidity with a
hygrometer. Ventilation was provided by a room
aspirator.

Formation of the groups and experimental
design

Before beginning the experiment, animals were
weighed and divided into 3 equal groups with similar
animal weights in the group distributions (groups are
explained below). A total of 15 male rats were used.

Sham group (5 rats): This group was sacrificed
on the same day. The regions of the right and left
Achilles tendons had skin and subdermal tissue
entered with a 3 cm incision and full layer incision
was made 0.5 cm proximal of the Achilles tendon
adhesion point. The Achilles tendons were removed
on the same day.

Group 1 (sf-3) (5 rats): This group was sacrificed
after 21 days. The regions of the right and left
Achilles tendons had skin and subdermal tissue
entered with a 3 cm incision and full layer incision
was made 0.5 cm proximal of the Achilles tendon
adhesion point. Incisions were primarily repaired
with the modified Kessler method using 4.0
polypropylene sutures (Propilen, Dogsan, Trabzon,
Turkey). Later subdermal layers and skin were closed
in retrograde manner. The Achilles tendons were
removed 21 days later.

Group 2 (sf-6) (5 rats): This group was sacrificed
after 42 days. The regions of the right and left
Achilles tendons had skin and subdermal tissue
entered with a 3 cm incision and full layer incision
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was made 0.5 cm proximal of the Achilles tendon
adhesion point. Incisions were primarily repaired
with the modified Kessler method using 4.0
polypropylene sutures (Propilen, Dogsan, Trabzon,
Turkey). Later subdermal layers and skin were closed
in retrograde manner. The Achilles tendons were
removed 42 days later.

All procedures in the study were completed in
accordance with ethical guidelines. Before surgery,
rats were anesthetized with 3 mg/kg xylazine
hydrochloride (Rompun©, Bayer, Turkey) and 90
mg/kg  ketamine  hydrochloride  (Ketalar©,
Eczacibasi, Turkey) administered intraperitoneally.
After appropriate anesthesia was achieved, animals
were shaved with a razor taking care not to harm the
skin and skin was cleaned with polyvinyl
pyrrolidone-iodine (Batticon©, Adeka, Samsun,
Turkey). The animal was covered with sterile
compresses leaving the surgical field open. After the
surgical procedure all animals had regular daily
wound dressing performed.

Samples were taken from the tissues and then
sections with a thickness of 5 um were prepared on
poly-laminated slides. Slides were prepared for
immunohistochemical study. A Leica Bond-Max
IHK stain device (Vision Biosystems, Melbourne,
Australia) was used for immunohistochemical study.

Sections were left at 60 degrees for 30 minutes.
Then they were left at 72 degrees in Bond Devax
solutions for deparaffinization. After washing with
alcohol 3 times, they were washed 3 times with Bond
Wash washing solution. They were left for 10 minutes
at 100 degrees in the pre-processing solution
previously defined for the antibody. Then, they were
washed 3 times more in Bond Wash washing solution.
Ten minutes of peroxide blockage was performed.
Again, they were washed 3 times with Bond Wash
washing solution. They were incubated with apelin
(genetex GTX37465 (Polyclonal (1:300)). Then, they
were washed 3 times with Bond Wash washing
solution. They were treated with post-primer for 7
minutes. Then, after washing 3 times with Bond
Wash washing solution, they were treated with the
polymer for 7 minutes. Then, they were washed 2
times with Bond Wash washing solution and then
with distilled water. They were incubated for 7
minutes with DAB and washed with distilled water 3
times. At the end of these processes, they were
assessed with the degree procedure of Berta et al.
(15).

The proportion of cells with cytoplasmic positivity
was taken into account. Accordingly, O staining, 1 +
staining, 2 + staining, or 3 + staining categories were
defined on the basis of no staining, 1% to 10%

staining, 11% to 50% staining, and greater than 50%
staining, respectively (Figure 1-3).

Figure 1. Sham group
magnification)

staining example (x400

Figure 2. Sf-3 group staining example (x400
magnification)

Figure 3. Sf-6 group staining example "(k400

magnification)
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Statistical analysis

The SPSS v20 (IBM Inc., Chicago, IL, USA)
computer program was used for statistical analysis.
As each group included 5 subjects, comparisons were
performed with the non-parametric Friedman test and
the chi-square test for stain differences between the
three groups and temporal changes in the sf-3 and sf-
6 groups. Statistical significance was taken as p <
0.05.

Ethics of the Study

Our study was approved by the Experimental
Animals Ethical Committee of the Faculty of
Medicine (Date: 30.01.2018, Issue:03).

Results

The Friedman test results for comparison of the
three groups found statistically significant differences
between the degree of staining in the three groups
with x2= 16.75 and p<0.001. The group with most
staining was Group sf-6 (mean rank: 2.70). Staining
examples for the sham, sf-3 and sf-6 groups are seen
in Figures 1, 2 and 3 (x400 magnification) (Graphic
1).

Additionally, as time passed between the sf-3 and
sf-6 groups, the chi-square test results for staining did
not have a statistically significant difference with x2=
1.01 and p=0.31.

Graphic distribution of stained

samples
3,5
3
2,5
2
1,5
1
0,5
0
sham sf-3 sf-6

Graphic 1. Distribution of stained samples

Discussion

In our study, the apelin level was identified to
increase with Achilles’ tendon injury in rats. The
Achilles tendon is the strongest and most used tendon
in the body (13). Many bioactive molecules play a
role in regulating the cellular response during tendon
repair (14). A variety of growth factors are active in

many stages of the healing process and are clearly
upregulated after tendon injury, including insulin-like
growth factor-1 (IGF-I), TGF-B, bFGF, platelet-
derived growth factor (PDGF), vascular endothelial
growth factor (VEGF), BMP, and connective tissue
growth factor (CTGF) (15-17).

Tenoblasts and tenocytes are tendon-specific cell
types forming the majority of cellular content in
tendons (18). Tenocytes are accepted as being
fibroblast-like cells producing necessary components
like type I collagen and other ECM molecules during
growth and healing of collagen fibers.

The resistance of the tendon is linked to the ability
of the collagen molecules to organize and form a
cross-linked structure (19). Type | collagen is
dominant in ECM in tendons, while type 111 collagen
is the second-most common and critical collagen type
in pathologic tendons and tendon healing processes
(20). The organization of type I collagen is accepted
as being very important for the mechanical
characteristics of tendons. Finally, research aimed to
understand the role of growth factors, transcription
factors and type | collagen-fibril distribution in
regulation-linked mechanical forces. For example,
TGFP and FGF were shown to regulate collagen-
architectural formation within tendons during
development (21,22). Additionally, the transcription
factors scleraxis, Mohawk homeobox protein, and
zinc-finger protein early growth response protein 1
(EGR1) regulate type | collagen formation within
tendons via modulation of COL1A1 and COL1A2
gene expression (23,24). Extrinsic cells including
neutrophils and macrophages playing a key role in
cleaning debris release second generation cytokines
passing into the next stage of the healing process (25).

The proliferative phase characterized by scattered
accumulation of granulation tissue and a peak in type
111 collagen and DNA concentrations continues with
the transition from type Il to type | collagen in later
stages (6).

The majority of organs contain parenchymal and
mesenchymal cells. Reductions in parenchymal cells
and activation of fibroblasts generally results in the
development of organ fibrosis. Structural injury from
continuing fibrosis reduces organ functions and
finally causes organ failure. Many factors like TGF
beta, angiotensin Il (Ang-11) and extracellular matrix
(ECM) participate in the organ fibrosis process
(10,26-28). Research studies show the apelin-APJ
axis is associated with renal, myocardial, liver and
pulmonary fibrosis (26). However, this association
may not be the same in all organs. Some articles
proposed that apelin-APJ inhibits renal and
myocardial fibrosis via the TGF beta pathway (10,26-
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28). In vitro apelin-induced TGF beta in human
proximal tubular epithelium cells inhibits the
epithelial-mesenchymal transition. In the unilateral
ureteral  obstruction model, apelin treatment
significantly reduced TGF beta 1 and its receptor
simultaneous to expression of interstitial matrix
components. Apelin may improve renal interstitial
fibrosis by suppressing the tubular epithelial-
mesenchymal transition with the Smad protein-
dependent mechanism pathway (27). Canakci et al.
reported apelin has a protective role in experimental
renal IR injury (28). These findings lead to the
consideration  that apelin-APJ has potential
renoprotective effects and may be an effective agent
in delaying progression of CRF. Additionally, recent
studies lead to consideration that the apelin/APJ
system may be used for treatment of insulin resistance
and type 2 diabetes (29).

Similarly, the apelin-APJ axis is thought to reduce
myocardial fibrosis. After Ml in mice, apelin 13
treatment ensured a reduction in the degree of cardiac
hypertrophy and cardiac fibrosis compared to the
sham group (30,31). This effect of apelin was due to
stimulation of bone marrow cells (BMC). Apelin
stimulated bone marrow cells (BMC) and excessive
expression of apelin by BMC increases the speed of
cardiac repair and lessens cardiac fibrosis in post-Ml
mice (32). Strohbach et al. showed that plasma
apelin-17 levels significantly fell in patients with
acute myocardial infarctus (AMI) compared to the
control group. They reported the platelet apelinergic
system may be a new target for diagnostic and
treatment purposes (33). While the apelin/APJ system
has positive inotropic effect on the heart, it was also
shown to ensure water excretion. Using this, it was
proposed as a treatment choice for congestive heart
failure accompanied by hyponatremia (34).
Additionally, apelin was identified in breastmilk. It is
thought to play a role in the foundation of the infant
immune system. At the same time, activation of the
apelin/APJ system was reported to improve muscle
weakness linked to aging (35).

Angiogensin 1l (All) and endothelin-1 (ET-1)
increase the apelin expression in hepatic stellate cells
(HSC). Increased apelin increases synthesis of
collagen I and platelet-derived growth factor receptor
B (PDGFRp) closely associated with liver fibrosis
(36). This data shows that apelin-APJ may be an
important  mediator of liver  fibrogenesis.
Additionally, apelin and APJ levels clearly increase
in cirrhotic liver (37). Apelin causes collagen I
stimulation leading to fibrosis in LC (36). However,
there are studies proposing the opposite to this.
Studies by Owen et al. (38) reported that plasma

apelin levels significantly reduced in both the early
stage of liver fibrosis and the late stage of liver
cirrhosis.

Our study is the first to reveal increased apelin
levels in Achilles tendon injury. This study observed
the apelin expression in the 3- and 6-week groups was
greater compared to the sham group. This difference
in apelin may be important in the healing process after
primary repair, angiogenesis, anti-inflammatory
cytokines and in the remodeling process. In the
literature, it was observed that apelin ensures collagen
I increase. For tendon repair, provision of collagen |
instead of collagen Il is necessary for healthy repair
to occur. In our study, increased levels of apelin in the
Achilles tendon after tendon repair may target healthy
repair.

Conclusions

This study observed the apelin expression in the 3-
and 6-week groups was higher compared to a control
group. In the healing process after primary repair, this
difference in apelin may be important for
angiogenesis, anti-inflammatory cytokines and in the
remodeling process. This difference in apelin during
tendon healing, especially, appears to be a candidate
as a valuable topic for further research.
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