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Abstract:

Background: Osteoporosis is the most common skeletal disorder and is considered a risk of fracture. Most medication used for the

treatment of osteoporosis is antiresorptive; however, strontium ranelate (Sr) therapy in postmenopausal women has shown a double

effect on resorption and bone formation. In this study, the effect of Sr on status of the oxidative stress and antioxidant defence system

was investigated.

Methods: Twenty-one adult albino female Wistar rats were used. The animals were randomly assigned into three groups, control

(sham operated rats, received saline), OVX (ovariectomized rats), OVX + Sr (4 months later ovariectomy, strontium ranelate treat-

ment was begun and continued for 120 days) each containing 7 animals. Strontium ranelate (500 mg/kg/day) and placebo (saline)

were administered via oral gavage. At the end of the treatment, liver and kidney of rats were removed and malondialdehyde (MDA)

level, superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT) activities were determined by biochemical

analysis methods.

Results: In liver, MDA levels were significantly higher in the OVX and OVX + Sr groups than the control group. GSH-Px activity

decreased in OVX group and increased in OVX + Sr group compared with values of control group. CAT activity was increased in the

OVX + Sr group when compared to control group. In kidney, MDA level was increased in OVX group. SOD activity was decreased

in the OVX + Sr group. GSH-Px activity decreased in OVX group and increased in OVX + Sr group compared with control group.

CAT activity increased in the OVX + Sr group when compared to control.

Conclusion: According to our results, Sr has preventive effect on oxidative damage in ovariectomized rats.
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Introduction

Osteoporosis is characterized by a generalized and

progredient bone loss, leading to low bone mass and

microarchitectural deterioration with subsequent bone

fragility [9]. The use of strontium in the treatment of

osteoporosis dates back over half a century [14, 23].

Strontium is a trace element defined as a bone-

seeking agent. It has been shown to affect bone cells

and bone metabolism in vitro as well as in vivo in

a dose dependent manner. In contrast to radioactive

strontium, which has toxic effects on bone cells, the

nonradioactive element influences bone remodeling

by inhibiting bone resorption and stimulating bone

formation [5, 12, 25].
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Strontium ranelate (Sr) is composed of an organic

moiety (ranelic acid) and of two atoms of stable non-

radioactive strontium. The chemical name applied to

Sr is 5-[bis (carboxymethyl)amino]-2-carboxy-4-cyano-

3-thiophenacetic acid strontium salt. It is currently

under development by the Institut de Recherches In-

ternationales Servier (IRIS) for the treatment and pre-

vention of osteoporosis [21].

Free radicals are molecules with at least one un-

paired electron in the outermost shell, unstable, highly

reactive, having short half life and low molecular

weight. Oxidative stress is defined as imbalance be-

tween antioxidant systems in the body and free radical

production caused the lipid peroxidation into lipid bi-

layers of cells. Antioxidant enzymes such as catalase

(CAT), superoxide dismutase (SOD) and glutathione

peroxidase (GSH-Px) play an important role in scav-

enging reactive oxygen species produced under oxi-

dative stress [3].

The ovariectomized rat model is used in this study

to show postmenopausal osteoporosis. The ovariecto-

mized rat is the most frequently used model for osteo-

porosis [6, 7, 16, 18]. To the best of our knowledge,

the antioxidant system and lipid peroxidation effect of

Sr has not yet been studied on ovariectomized rats.

Therefore, the aim of this study was to investigate the

effect of strontium ranelate on status of the oxidative

stress and antioxidant defence system.

Materials and Methods

Animals

Twenty-one adult albino female Wistar rats weighing

200–250 g were used in this study. The animals were

acclimatized for 1 week to our laboratory conditions

prior to experimental manipulation and were exposed

to a 12-h light and 12-h dark cycle at a room tempera-

ture of 22°C. They had free access to standard labora-

tory chow and water ad libitum. The animals were

randomly assigned into three groups: control (sham

operated rats, received saline), OVX (ovariectomized

rats) and OVX + Sr (4 months later ovariectomy,

strontium ranelate treatment was begun and continued

for 120 days) each containing 7 animals. Strontium

ranelate (500 mg/kg/day) and placebo (saline) were

administered via oral gavage. All animal procedures

used were in strict accordance with the National Insti-

tutes of Health Guidelines on the Care and Use of

Laboratory Animals, and the approval of the ethic

committee of the School of Medicine, Mersin Univer-

sity was obtained prior to the study.

Surgical procedures and treatment

Under ketamine (50 mg/kg, Ketalar, Eczacibasi Ýlaç

Sanayi ve Ticaret A.Þ., Ýstanbul, Turkey) and xylacine

(8 mg/kg, Rompun, Parke-Davis/Pfizer) anesthesia,

14 animals in OVX and OVX + Sr groups underwent

bilateral ovariectomy by ventral incisions and 7 were

sham-operated (control). At the end of the experi-

ment, animals in all groups were sacrificed and liver

and kidney tissues were removed. The liver and kid-

ney of rats were quickly excised, rinsed in ice-cold

0.175 M KCl/25 mM Tris HCl, pH 7.4, to clean the

blood, weighed, finely minced in the same solution,

and homogenized in a homogenizer with a Teflon pes-

tle. Homogenates were centrifuged at 10,000 × g for

15 min and supernatants were used for lipid peroxida-

tion and antioxidant enzymes assay.

Biochemical assays

Lipid peroxidation

The levels of homogenized tissue malondialdehyde

(MDA), as an index of lipid peroxidation, were deter-

mined by thiobarbituric acid reaction according to

Yagi [26].

Enzyme assay

SOD activity was measured by the inhibition of ni-

troblue tetrazolium (NBT) reduction by O2� generated

by the xanthine/xanthine oxidase system. One unit of

SOD activity was defined as the amount of protein

causing 50% inhibition of the NBT reduction rate [24].

CAT activity of tissues was determined according

to Aebi [1]. The decomposition of H2O2 can be fol-

lowed directly by the decrease in absorbance at

240 nm, resulting from enzymatic decomposition

of H2O2. The difference in absorbance per unit time

was a measure of catalase activity. The enzyme activi-

ties were given in U/mg protein.

Activity of GSH-Px was measured spectropho-

tometrically at 340 nm. The method was based on the

changes in absorbance resulting from the conversion
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of NADPH into NADP [20]. Enzyme activity was ex-

pressed in U/mg protein.

Determination of protein content

Tissue protein content was determined according to

the method developed by Lowry et al. [11] using bo-

vine serum albumin as standard.

Statistical analysis

Differences in MDA levels, SOD, GSH-Px and CAT

activity between the groups were compared using

ANOVA analysis with LSD multiple comparison tests

for all pair mean comparison. These tests were ana-

lyzed using SPSS software version 11.5. Data are pre-

sented as the mean ± SD.

Results

Liver

In the OVX and OVX + Sr groups, liver MDA levels

were significantly higher than in the control group. In

the control group, MDA level was found to be 2.7 ±

1.1 nmol/mg protein. To compare this parameter in

the OVX and OVX + Sr groups to the control group,

MDA levels were higher about 2 times (5.8 ± 1.9 and

4.5 ± 1.4 nmol/mg protein, respectively). There was

no significant change in MDA level between OVX

and OVX + Sr groups (Fig. 1). There were no signifi-

cant changes in SOD levels among the control, OVX

and OVX + Sr groups (Fig. 2). GSH-Px activity de-

creased by 35% in OVX group and increased by 62%

in OVX + Sr group compared with value in the con-

trol group. In the OVX + Sr group, GSH-Px activity

was significantly higher than that in the control group

(Fig. 3). No change in the activity of CAT was found

in the OVX group when compared to control group.

In the OVX + Sr group, the activities of CAT in-

creased about 3.5 times and 2.5 times, respectively,

compared to control and OVX groups (Fig. 4).

Kidney

In the OVX group, kidney MDA level was signifi-

cantly higher than in the control group and OVX + Sr

group (approximately 4 times). There was no signifi-

cant change in MDA level between control and OVX

+ Sr groups (Fig. 5). In the OVX + Sr group, SOD ac-

tivity was decreased by 33% compared to the values
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Fig. 1. MDA values with 95% confidence limits around the median for
all groups in liver

Fig. 2. SOD activities with 95% confidence limits around the median
for all groups in liver



for control and OVX groups. No significant changes

observed in SOD activity between control group and

OVX group in kidney tissue (Fig. 6). In the OVX

group, GSH-Px activity was decreased by 66% com-

pared to value for the control group. When the OVX

and OVX + Sr groups were compared, almost 5-fold

increase in the activity of GSH-Px was found in the

OVX + Sr group. Similarly, the increase in GSH-Px
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Fig. 3. GSH-Px activities with 95% confidence limits around the me-
dian for all groups in liver

Fig. 4. CAT activities with 95% confidence limits around the median
for all groups in liver

Fig. 5. MDA values with 95% confidence limits around the median for
all groups in kidney

Fig. 6. SOD activities with 95% confidence limits around the median
for all groups in kidney



activity in OVX + Sr group was about 2 times when

compared to control group (Fig. 7). In the OVX + Sr

group, CAT activity increased when compared to con-

trol and OVX group. The increase in the CAT activi-

ties were about 3 times and 1.5 times, respectively in

OVX + Sr group when compared to control and OVX

groups (Fig. 8).

Discussion

As Sr have fewer side effects, it is considered as safe

and efficient agent used in osteoporosis treatment

[22]. Clinical studies showed that the risk of breaking

bones significantly decreased in patients which re-

ceived 2 g per day Sr when compared to control

group. Risk of breaking bones decreased about 49%

with one year Sr treatment and 41% with 3 years

treatment [15]. But still there is a lack of information

regarding the effect of Sr on lipid peroxidation and

antioxidant system. This study was carried out to

evaluate the effect of Sr on lipid peroxidation and an-

tioxidant system of the body in rats having experi-

mental postmenopausal osteoporosis.

MDA is the end product of lipid peroxidation and

has been used widely as a marker of free radical dam-

age in lipid molecules. Peroxidation of the fatty acids

results in MDA production [8]. MDA cause the

cross-linking of membrane component by effecting

the ion exchange through the cell membrane and

change ion permeability of membrane and enzyme ac-

tivities. Increasing in lipid peroxidation indicates the

oxidative stress. In the present study, MDA concentra-

tion was increased in OVX and OVX + Sr groups

compared to controls in liver tissue. In kidney, MDA

level was enhanced in OVX group whereas no signifi-

cant variation was found in OVX + Sr group. Our re-

sults regarding MDA levels in OVX groups are in

agreement with some researchers. Yalin et al. [27] re-

ported increased MDA concentration both in liver and

kidney of ovariectomized rats. Borrás et al. [4], Mut-

husami et al. [16] and Ha [7] showed that ovariec-

tomy caused an increase in lipid peroxidation in dif-

ferent tissues of ovariectomized rats.

The primary defense against oxidative damage of

tissues are antioxidant enzymes, e.g., SOD, CAT and

GSH-Px [2]. SOD constitutes the first line of defence

against oxygen-derived free radicals, converting the

superoxide anion (O2�) into H2O2. CAT is the main

enzyme involved in removing H2O2, which is gener-

ated from superoxide anion radicals by SOD. Glu-

tathione peroxidase catalyzes the reaction of hydro-
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Fig. 7. GSH-Px activities with 95% confidence limits around the me-
dian for all groups in kidney

Fig. 8. CAT activities with 95% confidence limits around the median
for all groups in kidney



gen peroxide reduction. In this reaction, not only hy-

drogen peroxide is eliminated, but glutathione is also

transformed from its reduced (GSH) to its oxidized

(GSSG) form [13].

In our experiment, no significant difference was

observed in SOD activity in liver of all groups. In kid-

ney, diminished SOD level was found in OVX + Sr

group. However, no variation was detected in SOD

level of OVX group. It was found that CAT activity in

liver was significantly increased in OVX + Sr group.

In OVX group, CAT activity was not altered com-

pared to controls. CAT activity in kidney was signifi-

cantly enhanced in OVX and OVX + Sr groups when

compared to control group. GSH-Px activity meas-

ured in liver was found markedly low in OVX group

and high in OVX + Sr group when compared to con-

trol group. Similar results were obtained in GSH-Px

activity of kidney. Konyalioglu et al. [10] reported

that ovariectomy induced significant increases in

SOD, GSH-Px, CAT activity and MDA levels in

brain, heart and liver tissues compared to non-

ovariectomized rats. Oztekin et al. [17, 19] showed

diminished GSH-Px level in renal and liver tissues of

ovariectomized rats. Yalin et al. [27] found that OVX

leads to a decrease in the SOD activity in the liver and

kidney. In addition, they explained that CAT activity

decreased only in liver tissue. Ha [7] observed that an

ovariectomy decreased levels of SOD, CAT and

GSH-Px. Muthusami et al. [16] demonstrated that

SOD and GSH-Px activities were reduced in bones of

ovariectomized rats.

In the available literature nothing has been found

dealing with the effect of Sr treatment on lipid peroxi-

dation and antioxidant systems of osteoporotic rats.

This is the reason why we could not made appropriate

comparison with other results. According to our re-

sults, MDA concentration in OVX + Sr group de-

creased in liver and kidney compared to OVX group.

Although, this decline is significant in kidney, the

same is not true for liver. GSH-Px and CAT activities

are increased significantly both on liver and kidney.

The MDA levels were observed to be unchanged in Sr

treatment group and were found to be close to the

control group. As a conclusion, we suggest that treat-

ment with Sr has scavenging effect on lipid peroxida-

tion caused by ovariectomy by inducing activities of

CAT and GSH-PX. So, we observed that Sr has pre-

ventive effect on oxidative damage in postmeno-

pausal osteoporosis treatment.
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