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Objective(s): We examined the antiosteoporotic effect of bosentan (Bose) by radiographic,
histopathological, and molecular methods.

Materials and Methods: Rats were divided into 4 groups of 8 rats each: one control (Sham), one
osteoporosis only (OP), and two osteoporosis groups treated with Bose doses of 50 and 100 mg/
kg (OP+Bose50, OP+Bose100). Six weeks later, Bose was administered for eight weeks to animals
undergoing ovariectomy. The left femoral bone of the rats was evaluated in vitro after surgical removal.
Bone mineral density (BMD) was analyzed by Dual-energy X-ray absorptiometry (DEXA). Endothelin
1 (ET-1), ET-A, and ET-B expressions were examined by real-time polymerase chain reaction (real
time-PCR). In addition, bone tissue was evaluated histopathologically.

Results: Compared with the osteoporosis group, Bose significantly increased BMD values at both
50 and 100 mg/kg doses. ET-1 mRNA levels were significantly higher in the OP group than in the
Sham group, while ET-1 mRNA levels were significantly lower in Bose treatment groups. ET-A mRNA
levels were significantly lower in the OP group than in the Sham group, while ET-A mRNA levels were
significantly higher in Bose treatment groups. Histopathological results supported the molecular
results.

Conclusion: Our study is the first to demonstrate the molecular, radiological, and histopathological

effects of Bose in preventing osteoporosis in rats.
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Introduction

Osteoporosis is a preventable systemic disease that
is very common all over the world and is characterized
by deterioration of bone microstructure and decreased
bone mass (1). Important reasons that increase
and accelerate the development of osteoporosis are
estrogen deficiency, inflammatory diseases, and aging
(2). Experimental animal models are very good for
osteoporosis prevention and treatment studies. One of
the most common and first-choice osteoporosis models
used for such studies is the ovariectomized rat model (3).
The ovariectomized rat model of osteoporosis produces
bone loss due to estrogen deficiency and shows clinical
signs of postmenopausal osteoporosis (4). Significant
bone loss is observed in the humerus, femur, tibia,
and spine (5). In rats the proximal femur shares many
histoanatomical similarities with humans (6).

After ovariectomy, bone resorption in rats begins to
surpass bone formation and bone loss begins to occur,
and significant early bone loss in the trabeculae in
the femoral neck occurs approximately 30 days after
ovariectomy (7-9). Clinically, bone mineral density
(BMD) measurement is used to assess osteoporosis.

BMD is measured by dual-energy X-ray absorptiometry
(DEXA). Osteoporosis diagnosis in clinical settings and
the gold standard method used to evaluate treatment
efficacy is DEXA (10). In osteoporosis, while bone
mineral BMD decreases in measurements performed by
DEXA, micro-examination of the bone reveals decreased
bone mass and trabecula/spicule thickness, and
increased alveolar volume (11).

Endothelin 1 (ET-1) is one of the strongest
vasoconstrictor substances (12). ET-1 is synthesized
from various cells such as smooth muscle cells,
macrophages, and bone cells (13-18). It is known that
there is an important relationship between ET-1 and
BMD (19). An increase in ET-1 can cause an increase in
osteopenia (20). ET-1 is known to increase osteoclast-
induced bone resorption and on the other hand, it has
been shown to stimulate osteoblast proliferation and
differentiation in in vitro studies (21-23). ET-1 has
four receptors (ET-A, ET-B1, ET-B2, and ET-C) (17, 18).
Bosentan is an approved drug for the treatment of
pulmonary artery hypertension and is a non-selective
endothelin receptor antagonist for ET-A and ET-B
receptors.
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We investigated for the first time, the antiosteoporotic
effect of bosentan with radiographic, histopathologic,
and molecular methods.

Materials and Methods

Animals

Thirty-two female albino Sprague-Dawley rats (10-
12 weeks old) weighing between 240 and 260 g were
taken from Atatiirk University (ATADEM) Medical
Experimental Research Center and randomly divided
into 4 groups. At the end of the experiment (14 weeks),
5 animals from each group were evaluated except the
animals that died or were injured for various reasons.
The experiments were carried out under normal
temperature conditions (22 °C) and controlled light
conditions (12 hrlight/dark cycle), and the environment
was regularly ventilated. The use and care of laboratory
animals were approved by the Atatiirk University
Institutional Animal Care and Use Committee and the
experiments were carried out according to international
guidelines (Date, 27.06.2019; Meeting number, 7;
Decision number, 114; Document number, 42190979-
000-E.1900179333). Rats were housed in plastic cages
with a sawdust bottom, and standard rat food and tap
water were provided ad libitum.

Chemicals

Bosentan = was  purchased from  Actelion
Pharmaceuticals (Allschwil, Switzerland), ketamine
(Ketalar 500 mg/10 ml) was purchased from Pfizer,
Turkey, xylazine (Basilaz 2%) was purchased from
Biotek, Turkey, and metamizole sodium (Novalgin
500 mg/ml injectable preparations ) was purchased
from Sanofi-Aventis, Turkey. All other chemicals for
laboratory experiments were purchased from Sigma
and Merck, Germany.

Ovariectomy surgery

Bilateral ovariectomy was performed on 24 animals
(24, 25). Animals were anesthetized intraperitoneally
with 80 mg/kg ketamine+8 mg/kg xylazine. After a
longitudinal incision (0.5-1 cm) was made in the middle
of the lower abdomen, the ovaries were removed with a
small peritoneal incision.

Drug applications
The rats were divided into 4 groups, including 8 rats
in each group: control, osteoporosis, and 2 osteoporosis

groups treated with bosentan.

e Sham: Surgical control group

e Osteoporosis (OP): Ovariectomized group

e OP+Bose50: Bosentan administered 50 mg/kg

e OP+Bosel00: Bosentan administered 100 mg/kg
Drug administration was started six weeks after

ovariectomy. Bosentan was dissolved in 1 ml of distilled

water and administered orally once a day for eight

weeks. Only 1 ml of distilled water was given to the

Sham and Osteoporosis groups.

Dual-energy
estimations

The left femoral bone of rats was assessed in vitro
after surgical removal. BMD was analyzed by DEXA
using Discovery Wi (Hologic Inc. Bedford, MA, USA). The
same investigator performed each measurement and all
analysis was performed using the same GYregion (ROI)
window size.

X-ray absorptiometry (DEXA)

Histopathological analysis
Routine Histological and Hematoxylin Eosin (HE)
Procedure:

Hard bone tissue samples in fixative were thrown
into 10% nitric acid and tissue softening was followed
with a needle. The tissues were followed up after 2-10
days of decalcification. The tissues obtained after the
follow-up were blocked with a paraffin solution at
67 °C in a Leica EG1160 blocking device. The blocked
tissues were cooled at -4 °C. In a Leica Autostainer XL
automatic staining and sealing device, HE staining was
performed by an automated procedure. The final stage
in the automatic painting and sealing device is closing
by dropping the lid and the preparations are made ready
for examination.

After the necessary studies, histopathological studies
were evaluated as follows. In a light microscope, the
following analyzes were performed to evaluate HE stained
preparations during the examination stage (25, 26).
¢ old bone mass
e trabecula/spicule thickness
e alveolar volume
* new bone formation

Five fields for each femur were evaluated at 40x
magnification. In grading the severity of the changes;
grade 0: - (0% negative), grade 1: + (0-33% positive),
grade 2: ++ (33-66% moderately positive), and grade
3: +++ (66-100% severe) positive ) were evaluated (27,
28)(Table 1).

Table 1. H&E staining scores of femur bone tissues of Sham, Osteoporosis, and Bose groups

Groups 0Old bone mass Trabecula/ spicule Alveolar volume New bone formation
thickness

Sham +++ 44+ + +

Osteoporosis + + St +

Op+bose50 ++ ++ + 4+

Op+bose100 ++ 4 + —

Grade 0: - (0% negative), Grade 1: +(0-33% mild positive), Grade 2: ++ (33-66% moderate positive), and Grade 3: +++(66-100% severe positive)

HE: Hematoxylin Eosin Staining, OP: Osteoporosis, Bose: Bosentan
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Molecular studies

Bone ET-1, ET-A, ET-B, and mRNA expression levels were
evaluated by real-time polymerase chain reaction (Real
Time-PCR). For this, respectively, homogenization of bone
tissues, RNA isolation, cDNA synthesis, and quantitative
determination of mRNA expressions were made.

Real Time-PCR
Ribonucleic acid (RNA) extraction from rat femoral tissue
Tissues (20 mg) were homogenized with nitrogen
using a Tissue Lyser II (Qiagen). RNA extraction
was performed on a QIAcube. The total amount of
mRNA was measured at 260 nm using a nano-drop
spectrophotometer (EPOCH Take 3 Plate, Biotek). The
obtained RNA was stored at -80 °C under the required
conditions.

Reverse transcriptase reaction and complementary DNA
(cDNA) synthesis

Production of cDNA from RNA was achieved with
the High Capacity c¢cDNA Reverse Transcription Kit.
For c¢cDNA synthesis, 10 ul RNA was used in each
reaction with a Thermal Cycler (Applied Biosystem)
according to temperature values. The amount of cDNA
was determined by a nanodrop spectrophotometer
(EPOCH Take3 Plate, Biotek) and the obtained cDNA
was stored at -20 °C. For the cDNA synthesis reaction,
10 ul of total RNA, 2 pl of 10 X RT Buffer, 0.8 ul of a
mixture of 25 X dNTPs, 2 pl of 10 X RT Random Primers,
1 Multil MultiScribe Reverse Transcriptase, and 4.2 pl of
diethylpyrocarbonate H,0 were used.

Quantitative determination of ET-1, ET-A, and ET-B mRNA
expressions by Real-Time PCR

We investigated ET-1, ET-A, and ET-B expressions to
understand the healing process by comparing groups
with or without bosentan treatment. ET-1, ET-A, and ET-
B mRNA expression were achieved using Taq Man Gene
Expression Master Mix. b actin was used as the reference
gene. Amplification and quantification were performed
using the StepOne Plus Real-Time PCR System (Applied
Biosystems). The following TagMan® Gene Expression
Assays for 200 ng cDNA were continued by pipetting as
described below for 40 cycles. X pl (X=9) cDNA (200 ng),
10 pl TagMan Master Mix, and 1 pl assay were used for
pipetting and completed to 20 pl with RNase free H,0.
CT (cycle threshold) is the number of cycles (threshold
cycle) in which the amount of fluorescent signal in real-
time PCR experiments exceeds the minimum value
(threshold value) required to be observed. Ct values
were automatically converted into AACt and the results
were statistically evaluated in SPSS 25.00 software
program (29).

Statistical methods

Data are expressed as mean standard deviation (SD).
A one-way analysis of variance (ANOVA) and Duncan
tests were performed to test any differences between
groups. P<0.05 was considered statistically significant.

Bone mineral density
Eight weeks after

ovariectomy, there was a
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Figure 1. Left femoral bone DEXA images of Sham (1A), Osteoporosis
(1B), and Bose groups (1C, D)

Bose: bosentan, OP: osteoporosis, DEXA: DEXA Dual-energy X-ray
absorptiometry

significant decrease in femoral BMD values (g/cm2)
in the Osteoporosis group compared with the Sham
group (Figures 1A, B, and 2). When compared with
the Osteoporosis group, Bose significantly increased
BMD values both in 50 and 100 mg/kg doses (P<0.05)
(Figures 1B, C, D, and 2).

Histopathology results
Hematoxylin and eosin staining results

The histopathological examinations performed by HE
staining in the femur tissues are described below:

Sham: In the overall appearance of Trabecular (TB),
cortical bone (CB) integrity, and bone marrow (BM) no
anomaly was detected . The volume of the cancellous
bone spicules, the dimensions of the bone marrow
areas, and the density/staining characteristics of the
bone matrix were normal (Figure 3A).

Osteoporosis: Osteoporotic findings are evident:
decrease in both cortical and cancellous bone mass
due to osteoporosis and increase in alveolar spaces
containing bone marrow was observed. In some regions,
a decrease in the thickness of the spongiosis spicules
and ruptures in the continuity of the spicule network
(stars) were observed (Figure 3B).

OP+Bose50: Numerous indentations-protrusions
due to possible osteoclastic activity were observed on
the surfaces of bone spicules facing the alveolar spaces.

BMD (DEXA)
0,3500 C

sd=0,027
EI] b

0,2500 sd=0,023 l

0,2000

0,1500

0,1000

0,0500

0,0000

OSTEOPOROSIS OP+BOSE 50 OP+BOSE 100

Figure 2. Left femoral bone BMD measured with DEXA results of
Sham, Osteoporosis, and Bose groups. Means which have the same
letter are not significantly different from the Duncan test (P=0.05)
Results are expressed as mean+SD. Means which have the same letter
are not significantly different from the Duncan test (P=0.05)

Bose: bosentan, OP: osteoporosis, DEXA= DEXA Dual-energy X-ray
absorptiometry, BMD= bone mineral density
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Figure 3. H&E staining findings of femur bone tissues of Sham,
Osteoporosis, and Bose groups. Figure a; Sham, Figure b; Osteoporosis,
Figure c; OP+Bose50, Figure d; OP+Bose100

Grade 0: - (0% negative), Grade 1: +(0-33% mild positive), Grade 2:
++ (33-66% moderate positive), and Grade 3: +++(66-100% severe
positive)

HE: Hematoxylin Eosin Staining, OP: osteoporosis, Bose: bosentan, CB:
Cortical Bone, TB: Trabecular/Spicular Bone, BM: Bone Marrow, Star:
possible bone resorption areas, NB: New Bone formation areas

Damage to the joints associated with the trabecular bone
continues. When the eosinophilic staining properties
of the bone line were examined, new bone formation
areas had fragmented and small surface areas. It was
found that osteoid deposition was at the initial level.
Bluish-stained regions where chondroblasts are located
show callus tissues in which ossification has not begun.
(Figure 3C).

OP+Bose100: When compared with the OP+Bose50
group, it was analyzed that trabecular bone damage
decreased considerably and the thickness of bone
spicules increased due to new bone formation. It was
observed that the high-dose active ingredient did not
cause a significant increase in new bone development
and osteoid accumulation, although it decreased the
level of osteopenic damage (Figure 3D).

RT-PCR ET 1 mRNA expressions
b

5d=0,020

SHAM 05 5 OP+BOSE 50 OP+B0SE 100

Figure 4. Relative mRNA expression levels of ET-1 of femur bone
tissue of Sham, Osteoporosis, and Bose groups. Expression of ET-1
was detected by quantitative RT-PCR analysis. The relative expression
levels were calculated by the 2(-AACT) method. 3-Actin was used as
the reference gene. Results are expressed as mean+SD. Means which
have the same letter are not significantly different from the Duncan
test (P=0.05)

ET= endothelin, Bose: bosentan, OP: osteoporosis, SD= standart
deviation
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Figure 5. Relative mRNA expression levels of ET-A of femur bone
tissue of Sham, Osteoporosis, and Bose groups. Expression of ET-1
was detected by quantitative RT-PCR analysis. The relative expression
levels were calculated by the 2(-AACT) method. B-Actin was used
as the reference gene. Bose: Bosentan, OP: osteoporosis. The means
which have the same letter are not significantly different from the
Duncan test (P=0.05). Results are expressed as mean+SD.

ET= endothelin, Bose: bosentan, OP: osteoporosis, SD= standart
deviation

Real-time PCR results
ET-1, ET-A, and ET-B mRNA levels

Using RT-PCR, we investigated ET-1, ET-A, and ET-
B mRNA expressions in the rats’ femur bone tissue.
ET-1 mRNA levels were significantly higher in the
Osteoporosis group when compared with the Sham
group (P<0.05) (Figure 4). In contrast, ET-1 mRNA levels
were significantly lower in the Bose treatment groups
(P<0.05). ET-A mRNA levels were significantly lower in
the Osteoporosis group when compared with the Sham
group (P<0.05) (Figure 5). In contrast, ET-A mRNA
levels were higher significantly in the Bose treatment
groups (P<0.05) (Figure 5). No significant difference
in statistical terms could be found when ET-B mRNA
expressions of the treatment groups were compared
with those of the Sham or Osteoporosis groups (P>0.05).

In our study, after 6 weeks from ovariectomy
operation when significant osteoporotic changes started
to occur, we started bosentan application in treatment
groups. We applied bosentan to the treatment groups for
8 weeks. At the end of 14 weeks, while BMD decreased
significantly in the ovariectomized group, it significantly
increased in the bosentan treatment groups.

Trabecular and cortical bones are very close to the
vascular endothelial cells. Endothelial cell products like
ET-1 can affect bone cell function. Studies have shown
that ET-1 stimulates the proliferation of osteoblastic
cells and the effect of ET-1 is dependent on its binding to
the ET-A receptors (30). Although normal levels of ET-1
are potent regulators of human bone cell metabolism, in
many studies in the literature, it is shown that patients
with osteoporosis have increased serum ET-1 levels
(31, 32). Our study supported these studies. Increased
expression of bone ET-1 in the Osteoporosis group
indicates that ET-1 plays a role in the pathophysiology of
osteoporosis in bone tissue. The effect of bone ET-1 on
osteoporosis was limited with bosentan. Non-selective
endothelin receptor antagonist for ET-A and ET-B
receptors and accordingly, the pathological bone ET-1
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levels increased with osteoporosis returned to normal
levels with the reduction of bone ET-1 in both doses
of bosentan. It is known that bone ET-1 expressions
increase pathologically in bone fractures and ET-1
antagonist bosentan treatment reduces the increasing
pathological bone ET-1 expressions to normal and
increases fracture healing (33). Similarly, in our study,
there was a significant increase in BMD scores in both
of the bosentan treatment groups compared with the
Osteoporosis group. While down-regulation of bone
ET-A receptors was observed due to the increase of
bone ET-1 in the Osteoporosis group, up-regulation was
observed in bone ET-A receptors due to ET-1 antagonism
in bosentan treatment groups.

In histopathologic analysis, decreased bone mass
and trabecula/spicule thickness and increased alveolar
volume with osteoporosis improved with bosentan
treatment. Old bone mass and new bone formation
increased significantly in the bosentan treatment groups
compared with the Osteoporosis group. It is known that
bosentan increases new bone formation in fracture
healing (33). Similarly, it increased the formation of new
bone in osteoporosis, as well as preserving the old bone
mass.

Bosentan significantly prevents the occurrence of
osteoporosis. Osteoporosis, which is a very difficult
disease to treat, is also a preventable disease and is
easier to prevent than to cured. Since bosentan is a drug
used in the treatment of pulmonary hypertension and
patients who are treated for pulmonary hypertension
may be bedridden, choosing bosentan treatmentin these
patients during this period will significantly reduce the
development of osteoporosis.

Conclusion

Our study is the first to demonstrate molecular,
radiological, and histopathological effects of bosentan
in preventing osteoporosis in rats. In the treatment
of pulmonary hypertension, bosentan may be a good
treatment choice in patients at the risk of developing
osteoporosis.

Acknowledgment

The authors did not receive support from any
instution or person for study.

Authors’ Contributions

Study conception or design: ZH,DK, TT,AMand AK;
Data analyzing and draft manuscript preparation: D K,
MA G; Critical revision of the paper: A K; Supervision of
the research: D K, E C; Final approval of the version to be
published (the names of all authors must be listed): AK,
DK,ZH, TT,AM,EC MAG.

Conflicts of Interest
There are no conflict of interest in this study.

References

1. Ahmed SF, Elmantaser M. Secondary osteoporosis. Endocr
Dev 2009;16:170-190.

2.Hodgson SF, Watts NB, Bilezikian P, Clarke BL, Gray TK, Harris
DW, et al. American association of clinical endocrinologists
medical guidelines for clinical practice for the prevention and

926

treatment of postmenopausal osteoporosis: 2001 edition,
with selected updates for 2003. Endocr Pract 2003;9:544-564.
3. Turner CH, Roeder RK, Wieczorek A, Foroud T, Liu G, Peacock
M. Variability in skeletal mass, structure, and biomechanical
properties among inbred strains of rats. ] Bone Miner Res
2001;16:1532-1539.

4.Jee WS, Yao W. Overview: Animal models of osteopenia and
osteoporosis. ] Musculoskelet Neuronal Interact 2001;1:193-
207.

5. Liu XL, Li CL, Lu WW, Cai WX, Zheng LW. Skeletal site-
specific response to ovariectomy in a rat model: Change in
bone density and microarchitecture. Clin Oral Implants Res
2015;26:392-398.

6. Bagi CM, Ammann P, Rizzoli R, Miller SC. Effect of estrogen
deficiency on cancellous and cortical bone structure and
strength of the femoral neck in rats. Calcif Tissue Int
1997;61:336-344.

7. Wronski T], Schenck PA, Cintron M, Walsh CC. Effect of body
weight on osteopenia in ovariectomized rats. Calcif Tissue Int
1987;40:155-159.

8. Li M, Shen Y, Wronski TJ. Time course of femoral neck
osteopenia in ovariectomized rats. Bone 1997;20:55-61.

9. Laib A, Kumer JL, Majumdar S, Lane NE. The temporal
changes of trabecular architecture in ovariectomized rats
assessed by MicroCT. Osteoporos Int 2001;12:936-941.

10. Osterhoff G, Morgan EF, Shefelbine SJ, Karim L, McNamara
LM, Augat P. Bone mechanical properties and changes with
osteoporosis. Injury 2016;47:5S11-20.

11. Lee CY, Huang TJ, Wu MH, Li YY, Lee KD. High expression of
acid-sensingion channel 2 (ASIC2) in bone cells in osteoporotic
vertebral fractures. Biomed Res Int 2019;2019:4714279.

12. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi
M, Mitsui Y, et al. A novel potent vasoconstrictor peptide
produced by vascular endothelial cells. Nature 1988;332:411-
415.

13. Ehrenreich H, Anderson RW, Fox CH, Rieckmann P, Hoffman
GS, Travis WD, et al. Endothelins, peptides with potent
vasoactive properties, are produced by human macrophages.
J Exp Med 1990;172:1741-1748.

14. Giaid A, Gibson S], Ibrahim BN, Legon S, Bloom SR,
Yanagisawa M, et al. Endothelin 1, an endothelium-derived
peptide, is expressed in neurons of the human spinal cord and
dorsal root ganglia. Proc Natl Acad Sci USA 1989;86:7634-
7638.

15. Resink TJ, Scott-Burden T, Buhler FR. Activation of multiple
signal transduction pathways by endothelin in cultured human
vascular smooth muscle cells. Eur ] Biochem 1990;189:415-
421.

16. Suzuki T, Kumazaki T, Mitsui Y. Endothelin-1 is produced
and secreted by neonatal rat cardiac myocytes in vitro.
Biochem Biophys Res Commun 1993;191:823-830.

17. Chang JM, Kuo MC, Chen HM, Lee CH, Lai YH, Chen HC, et
al. Endothelin-1 regulates parathyroid hormone expression of
human parathyroid cells. Clin Nephrol 2006;66:25-31.

18. Tatrai A, Foster S, Lakatos P, Shankar G, Stern PH.
Endothelin-1 actions on resorption, collagen and noncollagen
protein synthesis, and phosphatidylinositol turnover in bone
organ cultures. Endocrinology 1992;131:603-607.

19. Gulhan I, Kebapcilar L, Alacacioglu A, Bilgili S, Kume T,
Aytac B, et al. Postmenopausal women with osteoporosis may
be associated with high endothelin-1. Gynecol Endocrinol
2009;25:674-678.

20. Mestek ML, Weil BR, Greiner ]J, Westby CM, DeSouza
CA, Stauffer BL. Osteopenia and endothelin-1-mediated
vasconstrictor tone in postmenopausal women. Bone
2010;47:542-545.

21.Stern PH, Tatrai A, Semler DE, Lee SK, Lakatos P, Strieleman
PJ, et al. Endothelin receptors, second messengers, and actions
in bone. ] Nutr 1995;125:2028-2032.

22. von Schroeder HP, Veillette C]J, Payandeh ], Qureshi

Iran ] Basic Med Sci, Vol. 24, No. 7, Jul 2021



Bosentan can prevent osteoporosis

1)7"MS

Kase et al.

A, Heersche JN. Endothelin-1 promotes osteoprogenitor
proliferation and differentiation in fetal rat calvarial cell
cultures. Bone 2003;33:673-684.

23. Zhong X, Wang H, Huang S. Endothelin-1 induces
interleukin-18 expression in human osteoblasts. Arch Oral
Biol 2014;59:289-296.

24. Aydin A, Halici Z, Albayrak A, Polat B, Karakus E, Yildirim
0S, et al. Treatment with carnitine enhances bone fracture
healing under osteoporotic and/or inflammatory conditions.
Basic Clin Pharmacol Toxicol 2015;117:173-179.

25. Huo MH, Troiano NW, Pelker RR, Gundberg CM,
Friedlaender GE. The influence of ibuprofen on fracture
repair: Biomechanical, biochemical, histologic, and
histomorphometric parameters in rats. ] Orthop Res
1991;9:383-390.

26. Ugan RA, Cadirci E, Halici Z, Toktay E, Cinar I. The role of
urotensin-II and its receptors in sepsis-induced lung injury
under diabetic conditions. Eur ] Pharmacol 2018;818:457-469.
27. Nian H, Ma MH, Nian SS, Xu LL. Antiosteoporotic activity
of icariin in ovariectomized rats. Phytomedicine 2009;16:320-
326.

Iran ] Basic Med Sci, Vol. 24, No. 7, Jul 2021

28. Oliver RA, Yu Y, Yee G, Low AK, Diwan AD, Walsh WR. Poor
histological healing of a femoral fracture following 12 months
of oestrogen deficiency in rats. Osteoporos Int 2013;24:2581-
2589.

29. Livak K], Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) Method. Methods 2001;25:402-408.

30. Kasperk CH, Borcsok I, Schairer HU, Schneider U, Nawroth
PP, Niethard FU, et al Endothelin-1 is a potent regulator
of human bone cell metabolism in vitro. Calcif Tissue Int
1997;60:368-374.

31.Sun L, SuJ, Wang M. Changes of serum IGF-1 and ET-1 levels
in patients with osteoporosis and its clinical significance. Pak ]
Med Sci 2019;35:691-695.

32. Gulhan I, Kebapcilar L, Alacacioglu A, Bilgili S, Kume T,
Aytac B, et al. Postmenopausal women with osteoporosis may
be associated with high endothelin-1. Gynecol Endocrinol
2009;25:674-678.

33. Aydin A, Halici Z, Akpinar E, Aksakal AM, Saritemur M,
Yayla M, et al. What is the role of bosentan in healing of femur
fractures in a rat model? ] Bone Miner Metab 2015;33:496-506.

927



	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack
	_Hlk74982906
	_GoBack

