Acta Medica Mediterranea, 2014, 30: 137
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ABSTRACT

Background: Ghrelin is a hormone with efficacy on increasing osteoblastic cell proliferation, differentiation, growth hormone
release, and preventing apoptosis. The present study aimed to investigate whether ghrelin has a role in bone fracture healing process
and presence in the bone tissue.

Patients and methods: Blood samples of 10 patients, who underwent surgery for fracture repair, were obtained for 4 times in
the manner that; before fracture stabilization (preoperative) and on the postoperative 1*, 10", and 60" days. Additionally, blood sam-
ples were obtained from 10 healthy subjects (control group). Ghrelin levels in serum samples were measured by enzyme-linked
immunosorbent assay method and presence of ghrelin was immunohistochemically investigated in bone tissue samples .

Results: Although no difference was found between the groups in terms of blood levels of ghrelin, it was observed that acylated
ghrelin level was increased beginning from the postoperative 1st day as compared to the control group. Des-acylated ghrelin levels
were also increased as compared to the controls, except for the postoperative 10" day. Ghrelin was not detected in bone tissues.
Osseous union was observed in all patients of the fracture group.

Conclusions: we thought that increased acylated and des-acylated ghrelin levels were contributed to fracture healing process
by means of enhancing cell proliferation, preventing apoptosis, presenting anti-inflammatory and antimicrobial effect and increasing

growth hormone release.
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Introduction

Fracture healing is a complex biological
process and repair of fractured bone begins at the
time of fracture®. It has been reported that various
degrees of healing problems appear in 5%-10% of
the fractures occurring in a year in the Unites
States®. Although the reason of these problems is
usually not known, age, nutritional and hormonal
status, inadequate reduction, concomitant diseases,
infections, medications and characteristic of the
trauma have been reported as the factors that influ-
ence fracture healing®.

During fracture formation the amount of
osteoblasts and osteoclasts is not adequate for frac-
ture healing. In this period, fracture healing is pro-

vided by precursor and supporting cells, capillaries,
Iymphatic and nervous systems, and locally-mediat-
ed mechanisms. Coupling factors, which are locally
produced in fracture site or reach through blood cir-
culation and are able to maintain bone balance at
regional level, are needed“®.

Ghrelin, also known as orexigenic hormone,
was discovered in 1999 by Japanese scientists”. It
is a 28-aminoacid lipopeptide hormone, mainly
released from gastric fundus. This hormone is also
synthesized in many tissues including the hypothal-
amus, small intestine, kidneys and heart” ).

Ghrelin is found in two forms in body fluids
and tissues. Human ghrelin includes an 8-carbon
fatty acid named as octanyl group. Ghrelin with
octanyl group is the acylated (active) ghrelin
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(aGAH). Ghrelin without fatty acid is the des-acy-
lated ghrelin (dGAH) and also known as inactive
ghrelin®'". Des-acylated ghrelin accounts for 80%-
90% of overall circulating ghrelin"?.

Ghrelin have many functions including cellu-
lar proliferation and differentiation, stimulation of
food intake and growth hormone (GH) secretion,
pancreatic exocrine and endocrine function, glucose
metabolism, sleep and behavior, immune regula-
tion, and cardiovascular function'*'* >,

Ghrelin is reported to stimulate proliferation
and differentiation of osteoblasts in rats"®. Bone
densitometry measurements in female rats have
revealed that in vivo bone mineralization was
increased after the use of GH-releasing hormone
(GHRP-6) or ipamoreline, its peptide analogue, for
12 weeks"-'"®_ However, there is less data about
the functions of ghreline in bone tissue. In this
study, we aimed to profile blood levels of ghrelin
during fracture healing, and to investigate the levels
of ghrelin in human fractured-bone tissue.

Materiald and methods

Ten adult patients (>18 years old) who were
diagnosed with lower extremity fracture (femur or
tibia) and underwent surgery for fracture repair in
the Department of Orthopedics and Traumatology,
Firat University Faculty of Medicine were enrolled.
The control group consisted of 10 adult (>18 years
old) volunteers, who were completely healthy and
non-fractured bone formation. Approval of the
Ethics Committee of the Firat University Faculty of
Medicine and written informed consents of the
patients were obtained for the study.

Detailed medical, surgical, and trauma histo-
ries (reason for fracture and the method of stabiliz-
ing the fracture) of the patients were obtained.
Patients with open or pathological fracture, osteo-
genesis imperfecta, rachitism, suspicious malignan-
cy, diabetes, chronic renal failure, osteomyelitis,
history of gastric or intestinal surgery, hepatic or
hematological diseases, and any endocrine disorder
such as thyroid dysfunction were excluded.

Thirty-two different bone tissue samples were
obtained to immunohistochemically investigate the
presence of ghrelin in the femur heads removed
from the patients, who had developed femur neck
fracture and undergone hip prosthesis. Moreover,
gastric tissue was used as positive control during
immunohistochemical examination since ghrelin is
known to be synthesized in the gastric tissue.

Gastric tissues (n=3) were obtained from the
archive of the Pathology Department of the Firat
University.

A venous blood sample of 5 mL. was obtained
for four times (before stabilization of fracture, and
on the postoperative 1%, 10", and 60" days) in the
fracture group and for once (between 08.00 a.m.
and 10.00 a.m.) in the control group. Since the pep-
tides are easily degraded by proteases in the cell, 20
uL-30 pL aprotinin, which is a protease inhibitor,
was added for each mL of blood to measure the
serum levels of ghrelin accurately. Furthermore,
1/10 volume of 1 N HCI was added to the serum
samples obtained after centrifuge. By this way, the
samples were allowed to remain stable at -20 °C up
to one year.

In serum samples, ghrelin levels were mea-
sured according to the instruction of the manufac-
turer using Human acylated ghrelin enzyme-linked
immunosorbent assay (ELISA) kit (SPI-Bio Bertin
Pharma, Bretonneux, France; Cat.A05106) and
human des-acylated ghrelin ELISA kit (SPI Bio
Bertin Pharma, Bretonneux, France; Cat.A05119).
Total amount of ghrelin was obtained by mathemat-
ical addition of the amounts of aGAH and dGAH.

In order to determine ghrelin expression in
bone tissues of femur heads and in gastric tissues of
the controls by immunohistochemical method, 5
um sections were obtained from formalin-fixed
paraffin-embedded tissues and mounted on poly-L-
lysine coated glass in the laboratory of the
Pathology Department of Firat University. All sec-
tions were deparaffinized by incubating at 56 °C for
15 minutes. After deparaffinization performed by
passages through 5 xylenes for 20 minutes, slides
were rehydrated by again passing through gradually
decreasing alcohol concentrations (96%, 90%,
80%, 70%) for 20 minutes. Slides were washed
with distilled water for 5 minutes. Endogenous per-
oxidase activity was blocked with 3% hydrogen
peroxide (H202) for 10 minutes. They were pre-
pared in accordance with avidin-biotin-peroxidase
complex method. Tissue sections were kept in
microwave oven in citrate buffer (pH=6) at 800 W
for 5+5 minutes and at 640 W for 5 minutes.
Following microwave oven application, they were
cooled at room temperature for 20 minutes and then
washed with 0.01 M phosphate buffered saline
(PBS) (pH=7.4). Margin of the sections were dried
and contoured using a glass pen. They were incu-
bated with ultra V Block, a blocking agent, for 10
minutes to prevent nonspecific antibody binding.
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Thereafter, the sections were incubated with
rabbit anti-ghrelin primary antibody (human, dilut-
ed 1/400) (Phoenix Inc., CA, USA) at 38 °C for 30
minutes. They were then washed with PBS and
incubated with biotinylated goat antiserum (Lab
Vision Corporation, Fremont, CA, USA) at 38 °C
for 10 minutes. After washed with PBS again, each
section was incubated with streptavidin-biotin-per-
oxidase complex for 10 minutes. The sections were
washed twice with PBS, for each 5 minutes. As
chromogen, aminoethyl carbazole was dripped and
left for incubation for 10 minutes until a color
appears. All sections were washed with tap water
and kept in Mayer’s hematoxylin solution for 1-2
minutes to provide counterstaining. After washing
with tap water for 5 minutes, their margins were
wiped without damaging the tissues. The sections
were mounted with Ultramount aqueous permanent
mounting medium (Dako Denmark A/S, Glostrup,
Denmark) and examined under a light microscope.
Immunohistochemical assessment (positivity/nega-
tivity) of ghrelin in the sections was performed
using semi-quantitative method.

Lane and Sandhul9 radiological scoring sys-
tem was used to evaluate new bone formation in
fracture line; O indicates no healing, 1 indicates cal-
lus formation, 2 indicates beginning of osseous
union, 3 indicates beginning of disappearance of
fracture line, and 4 indicates complete osseous
union.

The statistical package for the social sciences
(SPSS Inc., Chicago, IL, USA) version 17.0.1 was
used for statistical analyses. In addition to descrip-
tive statistical methods (mean, standard deviation),
intergroup comparisons of normally distributed
quantitative parameters were performed by inde-
pendent samples t-test. Mann-Whitney U test was
used for intergroup comparisons of non-homoge-
neous and non-normally distributed parameters.
Paired samples t-test was used for intragroup com-
parison of the normally distributed parameters,
whereas Wilcoxon signed-rank test was used for
intragroup comparison of the non-normally distrib-
uted parameters. Results were evaluated within
95% confidence interval and a p value <0.05 was
considered statistically significant.

Results
In the fracture group, the mean age was

43.4+12.8 years and 80% of the patients were male.
In the control group, the mean age was 38.0+7.0

years and 70% of the patients were male. No signif-
icant differences were found between the groups in
terms of age and gender (p>0.05, for each).

There were no significant differences between
these two groups in terms of preoperative and post-
operative 1st, 10th, and 60th day aGAH and dGAH
values (Table 1).

Fracture Group | Control Group
(n=10) (n=10) P

Preoperative

aGAH 80.51+66.39 86.61+52.34 0.822

dGAH 23328+151.81 | 119.70+93.05 | 0.062

Postoperative 1* day

aGAH 64.01£38.73 86.61+52.34 0.288

dGAH 182.70+165.32 | 119.70+93.05 | 0.311
Postoperative 10" day

aGAH 84.64+48.92 86.61+52.34 0.932

dGAH 119.15£104.79 | 119.70+93.05 | 0.990
Postoperative 60" day

aGAH 115.94+77.77 86.61+52.34 0.337

dGAH 145.75+£105.35 | 119.70£93.05 | 0.565

Table 1: Ghrelin levels of the fracture and control grou-
ps.

Blood samples were obtained from the control group for once.
Data are presented as meansstandard deviation.
Ghrelin levels are presented as pg/mL.

aGAH, acylated ghrelin; dGAH, des-acylated ghrelin.

In the fracture group, no significant differ-
ences were found in terms of both preoperative and
postoperative 1st, 10th, and 60th day aGAH and
dGAH values (p>0.05 for both). Total amount of
ghrelin was 313.79+190.56 in the preoperative peri-
od, 246.73+179.01 on the postoperative 1st day,
203.79+145.63 on the postoperative 10th day, and
261.69+158.70 on the postoperative 60th day of the
fracture group and 206.25+137.4 in the control
group. No significant difference was determined
between the groups (p=0.552, Fig. 1).

Immunohistochemical examination revealed
ghrelin positivity in the enteroendocrine (P/D1)
cells of the gastric tissue, which was used as posi-
tive control, whereas in the bone tissue, ghrelin
positivity was not detected (Fig. 2).

Radiological examination which was per-
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Figure 1: Total amount of ghrelin.
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Figure 2: Ghrelin negativity in bone trabeculae and
osteoblasts (a), Ghrelin positivity in the enteroendocrine

cells of gastric tissue (arrow) (b) (immunoperoxidase
X200).

formed in the postoperative 4" month for new bone
formation demonstrated the beginning of osseous
union in 9 and callus formation in 1 of 10 patients
according to the system recommended by Lane and
Sandhu®. Delayed union was considered in the
patient with callus formation and dynamization was
performed in the postoperative 5" month. Complete
osseous union was observed on the postoperative
10" month radiographs. As a consequence, osseous
union occurred in all patients.

Discussion

Despite numerous studies especially on
cytokines and hormones concerning how fracture
healing occurs and which factors play role, the fac-
tors that take place in fracture healing still remains
unclear. In recent years, the basic concern that
guides the studies to investigate whether ghrelin has
a role in fracture healing is the demonstration of
ghrelin synthesis in the odontoplast layer of tooth
by Aydin et al'”. Moreover, it has also been demon-
strated that ghrelin stimulates intramembranous
bone repair in rats®”, stimulates human osteoblastic
TER8S5 cells by nitric oxide/cyclic guanosine
monophosphate signal pathway®”, and inhibits
apoptosis while stimulating proliferation and differ-
entiation in osteoblastic MC3T3-E1 cells®.
Although functional role of ghrelin in immune
response has not been completely clarified yet,
some studies demonstrated that it inhibits anorectic
proinflammatory cytokines such as interleukin-1-
beta, interleukin-6, and tumor necrosis factor-

alpha®. Ghrelin is determined that it increases GH
release dose-dependently, of which the efficacy on
fracture healing has been demonstrated, both in
vivo and in vitro® *. In a meta-analysis, Biver et
al.?® found no satisfactory evidence supporting the
relation between ghrelin and bone mineral density.
Under the light of this information, the present
study, we aimed to determine whether ghrelin had a
role in fracture healing process.

In this study ghrelin positivity was detected in
the P/D1 cells which had endocrine functions in the
gastric tissue taken as positive control for immuno-
histochemical examination; however, ghrelin posi-
tivity could not be detected in the bone tissue. Bone
and tooth tissues are histologically similar.
Immunohistochemical detection of ghrelin in the
odontoblast layer of tooth by Aydin et al."” theoreti-
cally suggested the ghrelin synthesis in the
osteoblast layer of bone. Absence of ghrelin, which
is responsible for GH release, in any layer of bone
tissue has indicated that bone and tooth tissues dif-
fer in terms of ghrelin metabolisms. However,
recent studies have reported that ghrelin has four
main forms containing 8-carbon fatty acid, contain-
ing 10-carbon fatty acid, containing 10-carbon
unsaturated fatty acid, and dGAH®” Considering
that tissues and circulation contain approximately
80% dGAH and 20% aGAH, the probable cause of
not detecting ghrelin in bone tissue may be low dis-
tribution percentage of aGAH in the tissue. Thus, it
is important for further studies to investigate both
dGAH and the other forms of ghrelin in bone tissue
and to completely clarify this subject. Despite
extensive literature review, there is no study investi-
gating ghrelin in human bone tissue yet. Therefore,
we are unable to discuss our results with those from
the previous investigations.

The role of ghrelin in bone development, dif-
ferentiation, and proliferation arises probably from
the amount of circulating ghrelin. Therefore, in the
present study, we investigated the change in the
amounts of aGAH and dGAH in the course of frac-
ture healing by analyzing blood samples obtained in
preoperative period and on the postoperative days.
In the present study, despite the absence of signifi-
cant difference between the groups in terms of
ghrelin values, preoperative aGAH value was lower
in the fracture group as compared to that in the con-
trol group. In the fracture group, while the aGAH
value detected on the postoperative 1st day was
lower than the preoperative value, the values
detected on the postoperative 10" and 60" days
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were higher as compared to the preoperative value.
The slight reduction detected in the preoperative
period could be attributed to the fracture-related
conditions such as inflammation and stress. Since
ghrelin has anti-inflammatory effect and is a natural
antioxidant of the body, we think that it is used to
remove fracture-related free radicals and thus it
decreases. Lower level of aGAH on the postopera-
tive 1" day as compared to the basal level, in other
words, probability of further decrease due to
surgery-related heavy burden, stress, and anesthesia
corroborates this opinion. The level of aGAH was
increased on the postoperative 10th and 60" days
due to disappearance of surgical-related stress.
Moreover, an increase approximately by 20%-30%
was observed in the aGAH levels as compared to
the control group and the preoperative period. The
potential cause of higher increase in the aGAH
level compared to the basal level and that of con-
trols may be the fact that defense system was
enhanced due to increased ghrelin level, which has
antimicrobial property and contributes to wound
healing, by compensatory mechanism of the body.
Levels of aGAH reported in the present study were
slightly higher (80-86 pg/mL) than the accepted
normal physiological range (33-66 pg/mL)® >,
This might have caused due to the standard devia-
tion of the measurements owing to kits from differ-
ent companies. In fact, the results obtained by the
kits of Lincon and Phoneix companies were 10
folds different from each other®”.

In the present study, although dGAH level did
not differ between the groups, an increase by
almost 100% was observed in the preoperative peri-
od as compared to the control group and this incre-
ment continued postoperatively, except the postop-
erative 10" day. However, when the values were
compared with the preoperative period, dGAH
value presented a gradual decrease. The mechanism
valid for aGAH is also acceptable for dGAH.
Nonetheless, when aGAH and dGAH values were
compared in terms of periods, aGAH presented a
time-dependent increase in fracture healing process,
whereas dGAH presented time-dependent decrease
in the same periods. This time-dependent change in
aGAH may be considered to play a role in deposi-
tion or change of calcium, which is the main com-
ponent of bone structure. Since one of the pathways
of mechanism of aGAH action is the increase in
calcium release by inositol trisphosphate, we are in
the opinion that this free calcium contributes to
fracture healing. In addition, since time-dependent

increase in aGAH is responsible for GH release, it
indirectly contributes to fracture healing by stimu-
lating release of GH, which has a role in fracture
healing. On the other hand, reason for the decrease
in dGAH level during the fracture healing process
as compared to the preoperative period suggests
that it might have been used as anti-inflammatory
and antioxidant. However, the reason for the incre-
ment in the dGAH level as compared to the controls
might have been the compensatory increase of
dGAH release in response to the decreased aGAH
level due to the fracture-related and postoperative
stresses.

In conclusion, the time-dependent increase in
aGAH and dGAH levels contributed to the fracture
healing process by increasing cell proliferation, pre-
venting apoptosis, presenting anti-inflammatory
and antimicrobial efficacy and above all by enhanc-
ing GH release, despite the limited number of study
population.
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