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Effects of leptin on fracture healing in rat tibia
Sıçan tibiasında kırık iyileşmesinde leptinin etkileri
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Objectives: In this study, we aimed to evaluate possible

Amaç: Bu çalışmada leptinin kırık iyileşmesi üzerine olabi-

effects of leptin on fracture healing.
Materials and methods: Between November 2009 and May
2010, 54 male Sprague Dawley rats with a mean age of 16
weeks and a mean body weight of 323 g (range; 295-352 g)
were included and randomly divided into three equal groups.
Standardized tibial fractures were created to all rats. Group 1
was treated with 0.5 mL physiological saline, group 2 was
treated with 0.1 μg/kg leptin within 0.5 mL physiological
saline, and group 3 was treated 0.3 μg/kg leptin within 0.5 mL
physiological saline for 14 days intraperitoneally. Each group
was divided into three subgroups including six rats for the
evaluation at second, third and fifth weeks.
Results: Radiological evaluation showed that fracture
healing of group 3 was better than group 1 (p= 0.014) only at
fifth week. Histological evaluation revealed fracture healing
of group 3 was better than group 1 at third week (p= 0.011).
At fifth week, both group 2 and group 3 had better fracture
healing than group 1 (p= 0.006, p= 0.002, respectively). There
was no statistically significant difference in fracture healing
between group 2 and 3 at fifth week (p= 0.176).
Conclusion: Leptin has a positive dose-dependent effect on
rat tibial fracture healing.

arasında ortalama yaşları 16 hafta ve ortalama vücut ağırlıkları 323 g (dağılım; 295-352 g) olan 54 Sprague Dawley erkek
sıçan çalışmaya alındı ve rastgele eşit üç gruba ayrıldı. Bütün
sıçanlarda standart tibia kırığı oluşturuldu. Grup 1’e 0.5 ml
serum fizyolojik, grup 2’ye 0.1 µg/kg leptin 0.5 ml serum
fizyolojik, ve grup 3’e ise 0.3 µg/kg leptin 0.5 ml serum fizyolojik içinde olacak şekilde 14 gün boyunca intraperitoneal
olarak uygulandı. Her bir grup da kendi içerisinde ikinci,
üçüncü ve beşinci haftalarda değerlendirilmek için altışar
sıçandan oluşan üçer alt gruba ayrıldı.
Bulgular: Radyolojik değerlendirme sonucunda yalnızca
beşinci haftada grup 3’ün kırık iyileşmesi, grup 1’e kıyasla,
daha iyiydi (p= 0.014). Histolojik değerlendirmede üçüncü haftada grup 3’ün kırık iyileşmesi, grup 1’e kıyasla, daha iyiydi
(p= 0.011). Beşinci haftada ise hem grup 2, hem de grup 3,
grup 1’e kıyasla, daha iyi kırık iyileşmesine sahipti (sırasıyla,
p= 0.006, p= 0.002). Grup 2 ve 3 arasında beşinci haftada kırık
iyileşmesi açısından anlamlı bir fark yoktu (p=0.176).
Sonuç: Leptin sıçan tibia kırık iyileşmesi üzerine doza
bağımlı olarak olumlu etkiye sahiptir.
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The relationship between body fat mass and bone
metabolism has recently attracted the attention of
researchers. Lately, the important functional role that
the adipokine leptin provides between bone and fat
tissue has gained popularity, but many points in this
role have not been fully clarified.[1]

lecek muhtemel etkileri değerlendirildi.
Gereç ve yöntemler: Kasım 2009 - Mayıs 2010 tarihleri

Leptin is a peptide hormone which is secreted
especially by white adipose tissue and encoded by
obese gene. Leptin arranges the size of fat tissue by
affecting food intake and energy consumption.[2,3]
Many studies have been conducted to investigate
the effects of leptin on bone mass, because bone
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and fat tissue cells are differentiated from the
same mesenchymal stem cells.[1,4-7] Leptin increases
differentiation of bone marrow stromal cells to
osteoblasts and decreases differentiation to
adipocytes.[4] In addition, leptin has an important
role in arrangement of chondrocyte differentiation
on growth plate and cartilage matrix maturation by
endocrine and paracrine mechanisms.[5] Also leptin
effects osteoblast differentiation and proliferation,
and coordinates skeletal development.[6] Leptin
hormone’s effect on bone formation is not only
as a systemic hormone, but also as a local factor
by organizing angiogenesis in endochondral
ossification.[7] Systemic application of leptin has
a direct effect on osteoblasts and osteoclasts, and
reduces bone fragility.[1]
Studies on the effects of leptin on chondrocyte,
osteoblast differentiation and angiogenesis especially
led us to investigate leptin’s possible positive effects on
fracture healing.
MATERIALS AND METHODS

This experimental study was conducted in the
experimental research laboratory and histology
laboratory between November 2009 - May 2010
following approval by the ethical committee of the
university (10.27.2009/1). Fifty-four male Sprague
Dawley rats with a mean age of 16 weeks and a
mean body weight of 323 g (range, 295-352 g) were
randomly and equally divided into three groups.
Group 1 was treated with 0.5 mL physiological saline
intraperitoneally and used as operative control group.
Group 2 was treated with 0.1 μg/kg leptin (Leptin Rat,
Recombinant, Bio Vendor, Czech. Republic) in 0.5 mL
physiological saline intraperitoneally. Group 3 was
treated with 0.3 μg/kg leptin in 0.5 mL physiological
saline intraperitoneally. Treatments were started on
the day of surgery and repeated at the same time
daily for 14 days. All three groups were divided into
three subgroups (n=6 rats) for evaluation at second,
third and fifth weeks after the operation.
Surgical technique
After the adaptation period of seven days, the rats
were fasted four hours before surgery. Five mg/kg
xylazine hydrochloride (Rompun; Bayer Healthcare,
Leverkusen, Germany) and 50 mg/kg ketamine
hydrochloride (Ketalar; Pfizer, İstanbul, Turkey) were
injected intraperitoneally as anesthetic. The rats were
placed in the supine position and the skin overlying
the right tibia was swabbed before and after surgery
with a 10% povidone iodine solution (Batticon; Adeka,
Samsun, Turkey).
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A Kirschner wire (1.0 mm diameter) was threaded
into the medullary cavity of the right tibia through
the skin and patellar ligament over the knee and
was advanced down to the distal end of the tibia.
The tibia was exposed by a longitudinal median
skin incision directly over the bone. Using a drill,
three holes were made at right angles in the midshaft
of the tibia. Light manual bending gently broke
the tibia while the Kirschner wire was held in
place in the medullary canal.[8] The skin incision
was closed with 3.0 Vicryl rapid. The same surgeon
performed all surgeries. The animals were permitted
full weight bearing and unrestricted movement
after anesthesia. No antibiotics were administered
to rats preoperatively and postoperatively.
The animals were anesthetized and euthanized by
cervical dislocation. The right legs of the rats were
amputated above the knee joint. The tibias were
X-rayed and stripped from the soft tissues and stored
in 10% formaldehyde for histological evaluation.
Histological evaluation
The specimens were prepared and fixed in
10% buffered formaldehyde for 48 hours.[9] Then
they were decalcified in 10% formic acid solution
at room temperature for 20 days. Subsequently, the
samples were washed with water for four hours and
dehydrated in alcohol, cleared in xylol, embedded
in paraffin.[10] Using a microtome (Leica RM2255,
Tokyo, Japan) 5 -mcm-thick longitudinal serial sections
were taken from the specimens and stained with
hematoxylin and eosin. All sections were examined
under a light microscope (Olympus BX51, Shibuyaku, Tokyo, Japan) with a digital camera (Olympus
DP71, Olympus Optical Co, Ltd, Tokyo, Japan) and
the images were captured. The criteria described by
Huo et al.[11] were used for histological evaluation of
the specimens.
Radiological evaluation
The bone formation part of the Lane-Sandhu scoring
system was used for radiological evaluation of the
fracture healing.[12] The standard lateral radiographs
that were taken after euthanasia were evaluated by a
blinded observer.
Statistical evaluation
The comparison among groups was performed
using Kruskal-Wallis analysis of variance (MannWhitney U-test as post-hoc test). The data which
were obtained from measurements indicated as mean
(min-max). Significance ratio was p<0.05; in multiple
comparisons (post-hoc) significance ratio was p<0.05/
number of comparisons.
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TABLE I
Radiological and histological results of the groups
Second week

Third week

Fifth week

Radiological
results

Histological
results

Radiological
results

Histological
results

Radiological
results

Histological
results

Median Min.-max.

Median Min.-max.

Median Min.-max.

Median Min.-max.

Median Min.-max.

Median Min.-max.

Group 1

0.5

0-1

4

3-5

2

1-2

5

5-6

2.5

2-3

6

5-6

Group 2

1

0-1

4.5

3-5

2

2-3

6

5-6

3.5

3-4

7

6-7

Group 3

1

1-2

5

4-6

2.5

2-3

6.5

6-7

4

3-4

7

7-8

Min.: Minimum; Max.: Maximum.

RESULTS

The radiological and histological results of the groups
are summarized in Table I.
Clinical results
There was no complication related to anesthesia and
intraperitoneal interventions. Postoperative limping
was seen for five-six days, and then the rats used their
extremities in normal fashion. There was no wound
infection and no complications related to surgery. No
rat died throughout the experiment.
Radiological results
In all rats different degrees of union was seen in
radiographs (Figure 1a-c). There was no statistically
significant difference between the groups at the second
and third weeks (p=0.052, p=0.052, respectively). At
the fifth week, there was a statistically significant
difference between the groups (p=0.014). Fracture
healing in group 3 was better than group 1 (p=0.011),
but there was no difference between groups 2 and 3
according to fracture healing (p=0.575). In all groups,
there was statistically significant difference between
second, third and fifth week subgroups (p=0.002,
p=0.001, p=0.001, respectively).
Histological results
There was no statistically significant difference
between groups at the second week (p=0.102). At
the third and fifth weeks, there was a statistically
significant difference between groups (p=0.012,
p=0.001, respectively).
At the third week, fracture healing in group 3 was
better than in group 1 (p=0.011). In group 1, equal
amounts of cartilage and woven bone were observed at
the third week (Figure 2a). In group 2, equal amounts
of cartilage and woven bone, and some bone marrow
within woven bone were observed in the fracture line
(Figure 2b). In group 3, predominantly woven bone
with some cartilage was observed at the third week
(Figure 2c).

At the fifth week, there was a statistically significant
difference between group 1 and 2, and between
group 1 and 3 (p=0.006, p=0.002, respectively). There
was no statistically significant difference between
group 2 and 3 (p=0.176). In group 1 predominantly
cartilage with some woven bone was observed.
In group 2 predominantly woven bone with some
cartilage islands was observed in the fracture line.
In group 3 predominantly woven bone spicules with
little cartilage islands was observed. In all groups,
there was a statistically significant difference between
the second, third and fifth week subgroups (p=0.002,
p=0.001, p=0.002, respectively).
DISCUSSION

Bone injuries increase in frequency and severity
associated with the growing world population and
developing technology, and remains a current problem
in medicine for physicians and patients.[13] Fracture
healing studies in the literature have been increasing in
frequency.[14-17] Fracture healing including interaction
between cells, growth factors, and extracellular
matrix is a wound healing process which summarizes
skeletal growth and development. Inflammatory cells,
vascular cells, osteochondral progenitor cells and
osteoclasts play an important role at the cellular level
of the repair process. Proinflammatory cytokines,
growth factors, proosteogenic factors and angiogenic
factors play a role at the molecular level of the bone
repair process.[13,18,19]
Studies to explain the relationship between body
fat mass and bone metabolism are also increasing
continuously. Peripheral body fat appears to influence
bone mass via secretion of systemic and endocrine
factors. The cytokine-like hormone leptin, which is
secreted by fat cells, is an important candidate for
functional connection between bone and fat tissue.[20-22]
Experimental studies showed that elevation of
serum leptin levels starts immediately after trauma
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such as a femoral fracture, spinal cord injury or
traumatic brain injury by activation of endogenous
leptin secretion. These higher leptin levels are
associated with increased callus formation in the
fracture site[23,24] furthermore elevated serum leptin
may act peripherally to induce myeloid precursor cell
differentiation, osteoblast proliferation, and accelerate
the mineralization of bone at the fracture site.[4,21,23,24]
We think that because daily application of exogenous
leptin might provide consistently higher concentrations
of serum leptin levels, better fracture healing was
observed in the groups given exogenous leptin in our
study (Figure 1a-c and 2a-c).
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had the most increased callus formation. Similarly,
in our study, fracture healing was better in the group
in which more exogenous leptin was administered.
Some studies in the literature stated that leptin
inhibits differentiation of bone marrow stromal cells to
(a)

In the study of Wang et al.,[23] the group which
got the highest serum leptin levels for a longer time

(a)

(b)

(b)

(c)

(c)

Figure 1. (a) Second week radiological images of groups: A full
fracture line is seen in all groups. According to our evaluation
method no significant difference was appreciated between
groups. (b) Third week radiological images of groups: The
fracture lines begin to disappear in group 3. According to our
evaluation method no significant difference was appreciated
between groups. (c) Fifth week radiological images of groups:
There was a statistically significant difference between
group 1 and 3.

Figure 2. (a) Third week histological section of
group 1: Equal amounts of cartilage and woven bone
were observed in the fracture line (H-E x 40). (b) Third
week histological section of group 2: Equal amounts
of cartilage and woven bone, and some bone marrow
within woven bone was observed in the fracture line
(H-E x 100). (c) Third week histological section of group
3: Predominantly woven bone with some cartilage
islands was observed in the fracture line (H-E x 100).
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adipogenesis, and stimulates differentiation of bone
marrow stromal cells to osteoblasts.[4,6] Leptin can
be effective at the cellular level in fracture healing.
Also, leptin binds directly to the receptors on the
osteoblasts and increases osteoblast growth and bone
mineralization.[21] To increase not only osteoblast
but also chondrocyte differentiation contributes to
fracture healing.
Angiogenesis is provocated in fracture healing for
provision of nutrients, cells and biological mediators
and for disposal of waste products. Angiogenesis
has an important role not only in intramembranous
but also in endochondral ossification.[25,26] These
are natural stages of fracture healing. Bouloumié
et al.[27] emphasized leptin is a powerful modulator
of angiogenesis. Leptin effects endothelial cell
migration and activation in vitro, and angiogenesis
in vivo. As a result, in our study treatment with leptin
increases fracture healing, so we think that leptin’s
effect on angiogenesis may have played a role in this
increase.
The mechanism of positive effect of leptin on
fracture healing was not clearly identified, but we
think that its effect on regulation of angiogenesis
in endochondral ossification, and positive effect
on osteoblast and chondrocyte differentiation and
growth, and effect on bone turnover can produce this
result.
In our study we observed a dose dependent
positive effect of leptin on fracture healing when we
evaluated radiological and especially histological
results. In all groups both radiological and histological
data obtained continuously without interruption,
indicated the suitability of the applied method. When
we compared histological results with similar studies
in the literature, the control group was found to be
compatible with the literature.[16,17] The weaknesses
of the study include our not determining leptin
concentrations in serum, and not performing
biomechanical testing of the callus.
In conclusion, intraperitoneal exogenous leptin
application has a positive dose dependent effect on rat
tibial fracture healing.
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