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Abstract:

Background: Osteoblasts and osteoclasts are known to express Ang II type I (AT1) receptor in cell cultures, suggesting the exis-

tence of local renin-angiotensin system (RAS) in bone. This study was designed to investigate the effects of losartan as AT1 receptor

blocker on ovariectomized rats’ femur.

Methods: Losartan (5 mg/kg/day) was administered via oral gavage for 8 weeks. Bone mineral density (BMD) was measured using

dual energy X-ray absorptiometry, while tensile and three-point bending tests were performed for evaluation of biomechanical prop-

erties of bone. The trabecular porosity was analyzed by scanning electron microscopy.

Results: There was a significant decrease in BMD values of ovariectomized rats’ femurs which were reversed by losartan treatment.

According to tensile test results, ultimate tensile strength and strain values of losartan treated ovariectomized rats’ femurs increased

and decreased, respectively, when compared to that of ovariectomized animals. Losartan treatment also caused a significant recov-

ery in flexural strength and modulus parameters regarding respective control values, which mean losartan treated ovariectomized

rats’ femur had more force tolerance until break than ovariectomized rats’ femur. Quantitative microscopic analysis showed larger

trabecular porosity in ovariectomized rats than control rat femurs and it was significantly decreased after losartan treatment.

Conclusion: Blockage of AT1 receptor increased strength, mass and trabecular connections of ovariectomized rat femurs. There-

fore, it is tempting to speculate that drugs, including AT1 receptor blockers, may be used for the treatment of osteoporosis or reduc-

tion of its detrimental effects by in the future.
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Abbreviations: ACE – angiotensin converting enzyme, Ang II

– angiotensin II, AT1 – angiotensin II type 1, AT2 – angio-

tensin II type 2, BMD – bone mineral density, LOS – losartan,

OVX – ovariectomy, RAS – renin-angiotensin system, ROI –

region of interest, SEM – scanning electron microscopy

Introduction

Osteoporosis is a major global health problem especially

for women [12, 40]. It is a systemic skeletal disease that is

characterized by low bone mass and microarchitectural

deterioration of bone tissue with an associated increase in

fragility and susceptibility to fractures [7, 10, 16, 20, 25,

31, 33, 36, 44]. Despite some current therapeutic inter-

ventions, the treatment of fractures associated with osteo-

porosis has not been adequately addressed. Additionally,

20% of osteoporotic patients die in the first year after

fracture due to long term hospitalization [4, 8, 12].

Recent clinical studies indicate that b blockers and

antihypertensive drugs reduce the risk of bone frac-

tures in the elderly populations [24, 30, 43]. The

renin-angiotensin system (RAS) is found not only

systemically but also locally in several tissues, and

has also been studied in bone microenvironments [24,

27, 35]. Recent findings showed RAS to play an im-

portant role in bone tissue suggesting a detrimental ef-

fect of angiotensin II (Ang II) in bone [43]. This has

led to the theory that angiotensin-converting enzyme

(ACE) inhibitors and angiotensin receptor blockers

may have an indirect effect on bone mineral density

(BMD) and fracture risk [43]. Moreover, osteoblasts

and osteoclasts are shown to express Ang II type I

(AT1) and type II (AT2) receptor in cell cultures [21,

23, 24, 37], suggesting the existence of local RAS in

bone. Ang II has been suggested to promote bone re-

sorption via AT1 or AT2 receptors [24, 37] and block-

age of either of these receptors was proposed to in-

hibit differentiation and bone formation in cell culture

and in ovariectomized animal models [18, 24]. How-

ever, current findings are still controversial and no

significant effect was observed by the AT2 receptor

inhibitors in rat calvarial osteoblasts [18] or in the

co-cultures of human osteoblast and osteoclast pre-

cursor cells [24, 37]. Despite these contradictory re-

sults about the receptor it activates, the importance

and modulatory effect of Ang II in osteoblastic bone

formation and osteoclast-mediated bone resorption is

highly significant, and needs further investigation [21,

23, 26].

Therefore, our study was designed to investigate

the effects of losartan, an AT1 receptor blocker, on

bone mass and strength of ovariectomized rats. Both

tensile and three-point bending tests were performed

and thus detailed mechanical and structural parame-

ters evaluated, comparatively. Despite the above stud-

ies reporting RAS functions in bone formation, none

of these treatments were applied after osteoporosis

development. For this purpose, losartan administra-

tion was started at the 12th week after ovariectomy

and was applied for the following 8 weeks. Conse-

quently, this is the first study that focuses on the re-

covery of damage after a 3 month period that proves

the appearance of osteoporotic complications. Our re-

sults showed that losartan treatment can improve

ovariectomy-induced bone deformations.

Materials and Methods

Animals

Seventy-five female Wistar rats, 3 months old and

250–300 g body weight (Akdeniz University, Faculty of

Medicine, Animal Laboratory, Antalya, Turkey) were

used. The animals were exposed to a 12-h light and 12-h

dark cycle at 22°C room temperature. The animals had

access to standard laboratory chow and water ad libitum.

Experimental procedures were approved and carried out

in accordance with Akdeniz University Animal Care

and Use Committee’s guidelines.

The animals were divided into five groups: Control

(n = 15) (CONT), sham operated (n = 15) (SHAM),

losartan-treated control (n = 15) (CONT + LOS),

ovariectomized (n = 15) (OVX), losartan-treated

ovariectomized (n = 15) (OVX + LOS).

Thirty rats in OVX and OVX + LOS groups under-

went bilateral ovariectomy after being anesthetized

with ketamine (Ketalar, Pfizer-Eczacibasi Inc., Tur-

key) and xylazine (Alfazyne, Egevet Inc., Turkey).

Ventral incision was carried out, and ovaries were

removed after the ligation of the uterine horn. Losar-

tan (Losartil, Drogsan Co., Ankara, Turkey) (5 mg/

kg/day) was dissolved in water and administered via

oral gavages after 12 weeks of ovariectomy induction

and repeated for 8 weeks (CONT + LOS and OVX +

LOS). The same amount of vehicle was administered

to the age-matched groups; CONT, SHAM, and OVX,
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via oral gavages for the same period. All animals

were sacrificed by overdose of urethane anesthesia at

the end of the 20th week. Femurs were collected for

biomechanical evaluations, histomorphologic and

bone mineral density (BMD) measurements.

via oral gavages for the same period. All animals

were sacrificed by overdose of urethane anesthesia at

the end of the 20th week. Femurs were collected for

biomechanical evaluations, histomorphologic and

bone mineral density (BMD) measurements.

BMD measurement

Femur BMD was measured using dual energy X-ray

absorptiometry (Norland XR 46, Norland, USA) with

a scan speed of 1 mm/s and a resolution of 0.5 × 0.5 mm.

Before the measurements, the instrument was cali-

brated by means of a Norland phantom and the BMD

was determined by the analysis of the femoral shaft.

Biomechanical tests

The biomechanical properties of bone were measured

using a tensile test and three-point-bending test.

Twelve and eleven femurs from each group were used

for tensile test and three-point bending test, respec-

tively. Both tests were performed using a computer-

ized Shimadzu Autograph universal testing machine

(AG-G series; Shimadzu Co., Kyoto, Japan). The bio-

mechanical tests were conducted by a 5-kN load cell

and at a crosshead speed of 2 mm/min at room tem-

perature. Following removal of the soft tissues around

the femur, the bones were wrapped in gauze soaked in

isotonic saline, and frozen at –20°C until testing. Four

hours prior to mechanical testing, the bones were

thawed at room temperature.

Tensile testing methods

The femur was mounted vertically in the machine

with the use of acrylic cement. During testing, iso-

tonic solution was regularly applied to prevent the

bones from drying. Tensile test was applied until

a fracture occurred. System control and data analysis

were performed using Trapezium software (Shimadzu

Co., Kyoto, Japan). Typical force-displacement and
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Fig. 1. (A) Force-displacement curve. (B) Stress-strain curve for bone. (C) Three point bending test fixture. (D) Three-point bending test (Bend-
ing causes tensile and compressive stresses. The value of stress is greatest at the surface of the bone and is zero at the neutral axis)



stress-strain curves obtained from the tensile test are

shown in Figure 1A and B. With the tensile test, ulti-

mate tensile load, ultimate tensile strength, strain,

stiffness, tensile modulus (Young’s modulus) and en-

ergy absorption capacity (toughness) were measured.

After fracture, the thinnest region of the femoral shaft

was cut horizontally and pictured. Cortical surface

areas were calculated from the pictures as square mil-

limeters by using Image-J Software (US National In-

stitutes of Health, 2008, Bethesda, Maryland, USA).

Stiffness (K, N/mm) is determined from the slope

of the elastic region of the load-displacement curve

(Fig. 1A) which represents the extrinsic stiffness by

means of the following equation; K = DP/Du. The ulti-

mate stress was calculated from the equation: s = P/A

where s is the ultimate stress (MPa), P is the failure

load (N) and A is the cortical area (mm2). The tensile

or Young’s modulus is a measure of the intrinsic stiff-

ness of the material. The tensile modulus (E) can be

calculated from the slope of stress-strain curve within

the elastic region. The tensile modulus (MPa) was

then calculated as follows: E = Ds/ De where e is the

strain. The strain (% displacement) was obtained with

the following equation; e = DL/L0 where DL is the

change in the length and L0 is the original length.

Energy absorption capacity (toughness) is a measure

of the amount of energy needed to cause material fail-

ure and is determined by the area under the stress-

strain curve (Fig. 1B).

Three-point bending test methods

The flexural strength and modulus were analyzed by

a three-point bending test on the entire femur. A slid-

ing roller three-point bending fixture with a loading

pin (diameter 6.4 mm) and two supporting pins (di-

ameter 3.2 mm) were used for three-point bending

test. The distance between the two supports was

18 mm. The loading pin compressed the middle of the

tibia shaft (Fig. 1C). The bones were subjected to

three-point bending on a universal testing machine

until fracture occurred. Load-displacement curves

were recorded using advanced software (Trapezium

software). Typical force–middle span deflection

curves obtained from the flexure tests are shown in

Figure 1D. After fracture, the thinnest region of the

femoral shaft was cut horizontally and pictured. All

pictures were analyzed, and then outer diameter and

inner diameter were measured in millimeters, whereas

cross sectional moment of inertia was calculated in

mm4 by using image J.

Flexural strength is derived from the simple beam

theory as follows; sf = PLc/4I where sf denotes the

flexural strength; P is the applied load that leads the

specimen to rupture; L is the support span; I is cross

sectional moment of inertia and c is a distance from

cross sectional center of mass (neutral axis).

Flexural modulus may be determined from the

slope of the initial straight-line part of the load-middle

span deflection curve by means of this equation; Ef =

(L3/48I) (DP/Dd) where DP/Dd represents the slope of

the force-middle span deflection curve; and Ef is the

flexural modulus.

Histological procedures

Seven femurs from each group were used for scan-

ning electron microscopy (SEM) analysis. For SEM

evaluation, femurs from all groups were cut vertically

from the proximal metaphysis area. The specimens

were immersed in 1% Triton-X-100 for 20 min at

room temperature in an ultrasonic cleaner (Bandelin

Sonorex RK156, Berlin, Germany) in order to remove

soft tissues. All specimens were fixed with 2.5%

glutaraldehyde solution, then washed with 0.1 M

Sorensen’s phosphate buffer at 4°C for two hours, and

post-fixed with 1% osmium tetraoxide. After dehy-

drating within ascending alcohol gradients, SEM pro-

tocol was performed. After dehydrating with isoamyl

acetate again, the specimen was dried using a critical

point dryer. All specimens were analyzed under

a scanning electron microscope after being coated

with a layer of gold/palladium. The surface morphol-

ogy of trabecular bone (above neck of the femur)

specimens was examined using a SEM (Zeiss, Leo

1430 SE, Oberkochen, Germany) operated at 15000 kV.

The microscopic images were analyzed to determine

total trabecular area, and trabecular porosity in square

millimeters by defining regions of interest (ROIs) in

the image analysis software (ImageJ). Obtained data

were given as percentages of trabecular porosity in

trabecular bone.

Statistical analysis

Statistical analysis was performed by using SIGMA-

STAT 3.0. For BMD and biomechanical data, one-

way ANOVA test and Bonferroni test as a post-hoc

test were used. For histomorphological data, Kruskal-
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Wallis test and Dunn post-hoc test were used. The sta-

tistical significance level for all comparisons was set

as p < 0.05.

Results

BMD values were significantly decreased in OVX

(p < 0.005) compared to CONT group (Tab. 1 and

Fig. 2A) confirming a decrease in the amount of bone

in OVX rats. Moreover, we observed a pronounced

and significant increase in BMD values of OVX +

LOS group compared to OVX group (p < 0.005).

However, the recovery did not reach the level of

CONT group. Interestingly, a decreased BMD in

LOS-treated control rats (CONT + LOS group) was

seen compared to CONT group.

Biomechanical test results

Tensile test results

The ultimate tensile strength decreased significantly,

while the strain increased in OVX group compared to

that in CONT group (p < 0.005). In contrast, treat-

ment of OVX rats with losartan caused an increase in

the ultimate tensile strength value and a decrease in

strain values compared to those in OVX group (p <

0.005) (Fig. 2B and E).

The mean stiffness of OVX group was lower than

that of CONT group, corresponding to 24% decrease

(p < 0.005) with respect to CONT group values

(Fig. 2C). However, the losartan treatment reversed

the effect of ovariectomy by increasing the stiffness to

the level observed in CONT rats (p < 0.005). Simi-

larly, a significant decrease in Young’s modulus and

EAC values of OVX group were observed compared

to that of CONT group (Fig. 2F). Yet, losartan treat-

ment elevated those values to the level of bones ob-

tained from CONT rats (p < 0.005).

Three point bending test results

The flexural strength and modulus values of OVX

group were significantly decreased compared to that

of CONT groups (p < 0.005). However, losartan treat-

ment revealed a pronounced recovery by increasing

both parameters regarding OVX group.

Histomorphometric results

In the OVX rats, the percentage of the trabecular po-

rosity was significantly increased compared to that of

femurs in CONT group rats (p < 0.005). Percentage

of the trabecular porosity in the OVX + LOS rat fe-

murs was significantly decreased compared to OVX

882 Pharmacological Reports, 2012, 64, 878�888

Tab. 1. Bone mineral density, biomechanical and scanning electron microscopy parameters of each group

CONT SHAM CONT-LOS OVX OVX-LOS

BMD (g/cm2) 0.1331 ± 0.0012 0.1301 ± 0.0023 0.1266 ± 0.0019* 0.1150 ± 0.0008* 0.1215 ± 0.0011‡

Tensile test

Tensile strength (MPa) 64.45 ± 6.89 58.89 ± 3.15 60.45 ± 5.26 48.12 ± 3.82* 64.90 ± 3.84 ‡

Tensile strain (%) 0.15 ± 0.01 0.15 ± 0.01 0.16 ± 0.01 0.22 ± 0.02* 0.17 ± 0.01‡

E.A.C. (mJ) 634.71 ± 27.43 612.72 ± 12.92 597.49 ± 11.76 410.64 ± 9.57* 604.19 ± 14.11‡

Tensile modulus (MPa) 86.34 ± 2.07 86.77 ± 2.37 83.45 ± 2.50 62.86±2.16* 83.22 ± 2.09‡

Tensile stifness (N/mm) 180.38 ± 5.05 180.19 ± 5.20 181.11 ± 3.89 137.49 ± 3.33* 180.44 ± 3.33‡

Three point bending test

Flexural strength (MPa) 218.64 ± 5.27 207.45 ± 3.34 201.80 ± 4.50 168.12 ± 3.38* 205.95 ± 5.69‡

Flexural modulus (GPa) 9.71 ± 0.46 10.26 ± 0.48 9.46 ± 0.45 6.33 ± 0.25* 10.50 ± 0.45‡

SEM

% trabecular porosity 9.20 ± 0.28 10.80 ± 0.36 11.19 ± 0.33 16.48 ± 0.78* 10.73 ± 0.34‡

Values are given as the means ± SEM; * p < 0.005 vs. CONT and ‡ p < 0.005 vs. OVX
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Fig. 3. Three points bending test results of all groups. Flexural strength (A) and flexural modulus (B) of OVX rat femurs are smaller than CONT.
Losartan treatment (5 mg/kg/day) for 8 weeks returned biomechanical parameters to CONT group level. * p < 0.005 vs. CONT group and ‡ p <

0.005 vs. OVX group

Fig. 2. Effects of losartan on BMD and tensile test in OVX rats. BMD values were significantly lowered in OVX group compared to CONT group
and losartan treatment reversed this decrement (A). Ovariectomy disrupted ultimate strength (B), stifness (C), Young’s modulus (D), strain (E),
energy absorption capacity (EAC) (F) while losartan ameliorated all biomechanical parameters. * p < 0.005 vs. CONT group and ‡ p < 0.005
vs. OVX group



rat femurs (p < 0.005). Because of decreased bone

mass, the ratio of the porosity of trabecular bone re-

sulted in an increase in OVX group while it was de-

creased in OVX + LOS group. Figure 4 A, B, C, D

and E shows SEM images of trabecular porosity in all

groups. In OVX group (Fig. 4D) decreased trabecular

884 Pharmacological Reports, 2012, 64, 878�888

Fig. 4. Scanning electron microscopy showing trabecular bone aspects of femoral head. CONT (A), SHAM (B) and CONT-LOS (C) presented
similar cancellous bone pattern with numerous connections but cancellous bone showing trabecular disconnection in OVX (D). Losartan treat-
ment to ovariectomized animals (E) improved trabecular connection. Percentages of the trabecular porosity of bone from all groups are ana-
lyzed and presented in (F). * p < 0.005 vs. CONT group and ‡ p < 0.005 vs. OVX group



connection leads to an increase in total area of poros-

ity compared to that in CONT group, but in OVX +

LOS group (Fig. 4E) trabecular connection and poros-

ity was compatible with the CONT groups. Similarly,

trabecular connection and trabecular porosity of

SHAM (Fig. 4B) and CONT + LOS (Fig. 4C) groups

were not different that in CONT group (Fig. 4A).

Discussion

In the present study we confirmed previous studies [1,

3, 7, 17, 19, 34, 38] that have shown that ovariectomy

can cause biomechanical, histomorphologic and min-

eralization defects in bones such as the femur and

lumbar vertebrae. Briefly, the values of ultimate ten-

sile strength, Young’s modulus, stiffness and energy

absorption capacity of OVX + LOS animals was

higher than those of OVX animals. Conversely, the

strain value of OVX + LOS group was lower than the

strain value of OVX group, which suggests that losar-

tan treatment caused less compliant and stronger fe-

murs reflected by decreasing strain and increasing

Young’s modulus. For the same reason, OVX group

was more ductile than other groups considering the

increased Young’s modulus value. Three-point bend-

ing test results were also consistent with tensile pa-

rameters and showed recovery of bone strength with

losartan treatment in ovariectomized rats.

Bone tissue properties such as ultimate stress,

strain and elastic modulus are called intrinsic biome-

chanical properties [41, 42]. Accordingly, an effective

treatment of bone fragility should improve the extrin-

sic biomechanical properties of bone, but at the same

time not substantially impair the intrinsic properties.

Additionally, an ideal drug to heal bone fragility

would improve strength and decrease brittleness [41].

In the present study, our biomechanical results re-

vealed that losartan and thus, AT1 receptor blockage

recovered the structural properties of bone and did not

impair the material properties.

Increased fracture risk and altered mechanical

properties of bone are generally associated with the

reduced BMD found in osteoporotic bone [6, 11, 12,

14, 22, 32, 40]. Moreover, it is well known that

ovariectomy stimulates bone remodeling and bone

loss in rats which manifests itself with reduced BMD

[15]. Consistent with this findings, reduced bone mass

in OVX rats and significant recovery after losartan

treatment, led us to suggest that AT1 receptor block-

age preserves bone mass. In the present study, the ef-

fect of the AT1 receptor blocker losartan on biome-

chanical properties of bone and their relevance to the

amount of bone is demonstrated comprehensively. It

has been reported that enhanced bone mineralization

affects biomechanical properties of bone dramatically,

which manifested itself by increased stiffness and de-

creased ultimate displacement [9, 41]. According to

our results, losartan treatment increases BMD and

stiffness along with a decrease in the strain in OVX

rats. Conversely, losartan revealed a significant de-

crease in BMD in control rats, although it was not

transmitted to mechanical parameters. This is due to

the fact that basal activity of RAS is essential for bone

metabolism and downregulation of RAS beyond basal

level can deteriorate bone turnover.

Ang II type 1 (AT1) receptor blockage increases

bone mass and biomechanical parameters, although

the ratio of the trabecular porosity in bone decreases.

Bone remodeling is mediated by the balanced activi-

ties of osteoclasts, which resorb existing bone, and of

osteoblasts, which form new bone. Because of estro-

gen deficiency in OVX rats, ovariectomy resulted in

the removal of whole bone structures. The studies by

Erben et al. [13] showed that cancellous bone mass

reduced both proximal tibia and vertebrae in OVX

rats. Additionally, they revealed that the number of

osteoclast increased in OVX rats [13]. Martel et al.

[31] showed 77% decrease in the ratio of trabecular

bone volume of tibia in OVX rat comparing with

healthy rat. In our study, the significant increase in the

ratio of porosity in OVX group compared to CONT

group can be attributed to osteoporosis-dependent in-

crease in the deformation of trabecular bone. How-

ever, the significant decrease in the ratio of porosity in

the losartan treated OVX group suggests decreased

bone resorption or promoted bone formation. These

findings implicate a therapeutic role for RAS inhibi-

tion (specifically AT1) in osteoporosis-induced bone

deformation.

Shimizu et al. [37] succeeded in prevention of os-

teoporosis both by deletion and blockage of the AT1

receptor with olmesartan, which is consistent with our

findings. Moreover, Ang II administration to the ani-

mals subjected to OVX suppressed bone mass level

dramatically, which was suggested to act through AT1

but not AT2 receptor. Additionally, Hatton et al. [21]

found angiotensin-dependent stimulation of bone re-

sorption in co-cultures of osteoclasts with osteoblastic
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cells and they showed that both Ang I and Ang II are

potent stimulators of osteoclastic bone resorption. On

the other hand, Ang II administration to ovariecto-

mized animals aggravates the deformation further

[37], which is consistent with our findings that sug-

gests detrimental effects of AT1 over-stimulation on

bone tissue. Moreover, our results clearly supported

that AT1 blockage increased bone mass, bone strength

and decreased percentage of the trabecular porosity in

bone. Taken together, there are several lines of evi-

dence that emphasize the importance of AT1 in bone

metabolism and it was suggested to become a novel

therapeutic target for patients in bone diseases such as

osteoporosis and bone fracture [2].

The most impressive point of our data is that losar-

tan treatment 12 weeks after ovariectomy has shown

a therapeutic effect on osteoporotic rat’s femur

including BMD and biomechanical properties.

Despite these striking findings, the studies that have

presented contradictory or unchanged results cannot

be excluded [5, 24, 28]. The main reason of these con-

troversial results is probably due to application of the

blocker prior to osteoporosis development or to other

critical differences in experimental procedure. Li et

al. [28] had started treatment just after the ovariec-

tomy induction, although losartan was administered

after establishment of reduction in bone mass in our

study. So, we can speculate that AT1 receptor block-

age may correct long term alterations that emerged

following development of osteoporotic state and

enhanced bone loss. This is due to the fact that over-

activation of the Ang II signaling pathway may only

be accomplished at the late stage, where generation of

osteoporotic changes reaches a critical level. Bone

turnover rate could be another factor underlying this

delay between ovariectomy and apparent bone loss.

Estrogen has been reported to downregulate Ang II

production and AT1 expression significantly and thus

modulates its growth-promoting and therapeutic ef-

fects in vascular smooth muscle cells [29, 39]. There-

fore, bone loss and altered bone mechanics of OVX

rats can be attributed to upregulated Ang II and/or

enhanced AT1 expression. Thus, it is tempting to

speculate that losartan had therapeutic effects on

osteoporotic bone in OVX rats due to recovery of

those upregulated RAS elements.

In conclusion, losartan increased femur strength

according to tensile and three-point bending tests in

osteoporosis. Losartan-induced increase in bone mass

and trabecular connections could make the bone

stronger in osteoporotic rats. Therefore, as an AT1

blocker, losartan may be used for treatment and/or re-

covery of detrimental effects of osteoporosis.
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