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Abstract 
Purpose: Oxidative stress may change cellular function in multiple pathological conditions, 
including osteoporosis. We a1med to determine serum paraoxonase 1 (PON1) activities as 
known lipid antioxidant and malondialdehyde (MDA) levels, end products of lipid peroxidation, 
induced by reactive oxygen species (ROS) for evaluating oxidative stress in osteoporotic 
patients. 
Material and Methods:Twenty-six osteoporotic patients were mcluded in the study and 
compared with healthy controls (n=20). Serum PON1 activity and MDA levels were measured 
according to an enzymatic spectrophotometric method. 
Results:The serum MDA level was higher in the patient group (3.8?1.4 nmol/mL) than controls 
(1.4?0.4 nmolfmL; p<0.001). PON1 activity was found to be lower in the patients group 
(141.8?88.4 U/L) than the control group (263.4?99.8 U/L; p<0.001). There was a negative 
correlation between MDA levels and PON1 activities (r=-0.495 , p?0.001) . 
Conclusion: I ncreased ROS levels in osteoporotic patients may result in a pro-oxidation 
environment, which m turn could result in decreased antioxidant PON1 activity and Increased 
MDA levels. As a result, lipid peroxidation may have a role in the pathogenesis of the 
osteoporotic patients. Since PON1 is also an antiox idant agent, effective antioxidant therapy 
to inhibit lipid peroxidation is necessary and agents to increase PON1 activity may be a 
therapeutic option in osteoporotic patients. 
Key Word: Lipid Peroxidation, Malondlaldehyde, Oxidative stress, Paraoxonase. 

Ozet: 
Amac;: Oksidatif stres, osteoporozu da i~eren pek <;ok patolojik durumda hOcresel fonksiyonlan 
degi~tirebilir. Biz, osteoporozlu hastalarda, oksidatif stresi degerlendirmek l~in, reaktif oksi)en 
tlirleri (ROS) ile lndOklenen, lipid peroksidasyonu son OrOnO malondialdehit (MDA) dOzeylerini 
ve lipid antioksidanl olarak bilinen serum paraoksonaz 1 (PON1) aktivitesini belirlemeyi 
ama~lad1k. 

Gerec; ve Yi:intemler:Osteoporozlu 26 hasta ~ali~mam 1za dahil edildi ve sonu~lar sagl1kl1 
kontrol grubu 1le kar~1la~t1 nld1 (n=20). Serum PON 1 aktivites1 ve MDA dOzeyleri enzimatik 
spektrofotometrlk metot lie ~al 1~1ld1 . 
Bulgular:Serum MDA dOzeyleri hasta grubunda (3.8±1.4 nmol/ml), kontrol grubuna gore 
(1.4±0.4 nmol/mL; p<O.OOl) daha yuksek bulundu. PON1 aktlvitesi ise hasta grubunda 
(141.8±88.4 U/L), kontrol grubuna gore (263.4±99.8 U/L; p<0.001) daha dO~Oktu . MDA 
duzeyleri ile PON1 akt1vitesi aras1nda istatist iksel olarak anlamli negatif korelasyon (r=-0.495) 
bulundu (Pearson's korelasyon analizi; p<0.001). 
Sonuc;:Osteoporozlu hastalarda artm1~ ROS dOzeyleri, pro-oksidan bir durum olu~turarak, 
PON 1 aktivitesinin azal1p, MDA duzeylerinin yOkselmesine ned en olur. Sonu~ olarak, osteporoz 
patogenezinde lipid peroksldayonu rol oynayabilir. Bu hastalarda, lipid peroksidasyonunu 
onleyen, etkili bir antioksidan tedavi gereklidir. PON1 antioksidan bir enzim oldugundan, serum 
PON1 aktivitesini art~ran ajanlar, osteoporozlu hastalar i~in tedavi se~enegi olabilir. 
Anahtar Kelimeler: Lipid peroksidasyonu, malondialdehit, oksidatif stres, paraoksonaz. 
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Introduction 
In recent years, reactive oxygen species (ROS) are 
considered to be responsible for ageing process and in a 
number of pathological condition such as atherosclerosis, 
carcinogenesis and infarction (1, 2). The role of ROS in 
bone metabolism is unique and dual considering their 
effect under physiological and pathological conditions 
(3). Under physiological conditions, the production of 
ROS by osteoclasts assists in accelerating destruction of 
calcified tissue and hence assists in bone remodeling ( 4, 
5). Not only might osteoclastic differentiation of bone 
precursors be modulated by ROS, but osteoblastic 
differentiation as well. Mody et al. (6) have shown that 
oxidative stress is able to inhibit bone cell differentiation 
of a preosteoblastic cell line and of a marrow stromal cell 
line that undergoes osteoblastic differentiation. Enhanced 
osteoclastic and depressed osteoblastic activity is 
attributable to primary estrogen deficiency characteristic 
of osteoporosis (7). 

When bone fractures occur, a remarkably high yield of 
radicals is generated. It is suggested that as a "break in 
the bone" is generated, the minimal crystallites separate 
at grain boundaries with no major chemical changes, but 
the tightly bound collagen strands running through the 
mineral phase are forced to break homolytically. However, 
though enhanced osteoclastic activity and increased 
production ofROS are linked in many skeletal pathologies, 
it remains to be studied whether increased ROS production 
overwhelms the antioxidant defenses, subjecting the 
individual to hyperoxidant stress (7, 8). 

ROS are formed in oxidative processes that normally 
occur at relatively low levels in all cells and tissues. ROS 
are highly reactive molecules that, when present in excess, 
overwhelm the protective systems and results in cell 
damage and lipid peroxidation (8, 9). 

Lipid peroxidation is a well-established mechanism of 
cellular injury in human, and is used as an indicator of 
oxidative stress in cells and tissues. Lipid peroxides, 
derived from polyunsaturated fatty acids, are unstable 
and decompose to form a complex series of compounds. 
These include reactive carbonyl compounds, which is the 
most abundant malondialdehyde (MDA). Therefore, 
measurement of MDA is widely used as an indicator of 
lipid peroxidation ( 10, 11 ). Increased levels of lipid 
peroxidation products have been associated with a variety 
of diseases in both humans and model systems (12). 

Erciyes T1p Dergisi (Erciyes Medical Journal) 2007;29(4):268-273 

Recently, it has been demonstrated that oxidized lipids 
might exert their adverse effects on bone by targeting 
osteoclastic cells as well as osteoblastic cells. Osteoporotic 
bone loss is in part due to enhanced bone resorption as 
a result of increased osteoclastic activity (13). Morever, 
in bone and bone osteoblasts, osteoblastic differentiation 
is inhibited by oxidized lipids (14, 15). 

There are various known antioxidant systems against 
oxidative stress including paraoxonase (PONl). PONI 
is an antioxidant enzyme on high-density lipoprotein 
(HDL) that hydrolyses lipid peroxides in oxidized 
lipoproteins (16). PON1 protects low density lipoprotein 
(LDL) and HDL from oxidation induced by either copper 
ion, or free radical generator (17). PON1 activity has been 
suggested to be inversely associated with oxidative stress 
in serum and macrophages (18). In addition, we have 
previously shown that PON1 activity was decreased in 
some diseases due to ROS pathogenesis under oxidative 
stress and inflammation condition, such as rheumatoid 
arthritis, Age-related macular degeneration, Ulcerative 
colitis, Steatohepatitis and Behcet's disease (19-23). 
MDA has not been searched together with the antioxidant 
enzyme PON 1 in osteoporotic patients. In the present 
study, we aimed to determine serum PON1 activities as 
known lipid antioxidant and MDA levels, end products 
of lipid peroxidation, induced by ROS for evaluating 
oxidative stress in osteoporotic patients. 

Materials and Methods 
Subjects 
Twenty-six patients with Osteoporosis were included to 
the study. Mean (SD) age was 57.613.8 years. The 
osteoporosis was diagnosed as recommended by the WHO 
(24). The patients were compared with 20 normal healthy 
controls, who were matched for age (mean age 55.5 12) 
and sex. Informed consent was obtained from patients 
and controls prior to the study. The study protocol and 
the procedures were approved by Erciyes University 
Ethical committee and were in accordance with the 
Helsinki Declaration of 1975. 

Chemicals 
All reagents were purchased from Sigma (Sigma-Aldrich 
Corp, St. Louis, MO, USA) and Merck (Merck KgaA, 
Darmstadt, Germany). Blood samples were obtained after 
an overnight fast and serum immediately separated. Serum 
samples were stored - 70 C until analysis. 
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Measurement 
Measurement of Serum PON 1 Activity 
Serum PONl activity was measured according to a method 
described elsewhere (25). The rate of hydrolysis of 
paraoxon was assessed by monitoring the increase of 
absorbance at 405 run and at 25C. The basal assay mixture 
included 1.0 mM paraoxon and 1.0 mM CaCl2 in 0.05 
M glycine buffer pH 10.5. One unit (IU) ofPONl activity 
is defined as lmol ofp-nitrophenol formed per minute, 
and activity was expressed as U/L of serum. 

Measurement of Serum MDA Levels 
Serum MDA levels were measured according to a method 
described elsewhere (26). The principle of the method is 
based on the spectrophotometric measurement of the color 
produced during the reaction ofthiobarbituric acid (TBA) 
with MDA. Concentration of TBA reactive substances 
was calculated by the absorbance coefficient of 
malondialdehyde-thiobarbituric acid complex and 
expressed in nmol/ml. MDA bis (dimethyl acethal)-TBA 
complex was used as standart for the evaluation of results. 

Statistical Analyses 
Statistical evaluation was carried out with the SPSS® 
11.0 (Statistical Packages for Social Sciences; SPSS Inc, 
Chicago, Illinois, USA). Data obtained from the study 
groups were compared by Student's-t test. Correlation 
analyses between variables were made by Pearson's test; 
p value less than 0.05 was considered as statistically 
significant. All the results were expressed as "mean with 
their standard deviation" (mean± SD). 
Results 
All data were subjected to the Kolmogrov-Smimov test 
for normality and are presented as mean± SD. There was 
no statistically significant difference of age and sex 
distribution between patients with OP (4 men, 22 women 
mean age ± SD: 57.6±13.8 years) and control (4 men, 16 
women mean age±SD: 55.5 ± 12.0 years) groups (p0.05). 

Serum MDA level was higher in the patient group (3.81.4 
nmollmL) than controls (1.40.4 nmol/mL; p<O.OOl). 
PON 1 activity was found to be lower in the patients group 
(141.888.4 U/L) than the control group (263.499.8 U!L; 
p<O.OO 1 ). There was a negative correlation between MDA 
level and PON1 (r=-0.495) activity with a statistical 
significance (Pearson's correlation analysis; pO.OOl ). The 
results are presented in table I and figure 1. 

Discussion 

ROS molecules are highly reactive and can attack almost 
every cell component, causing further damage to the 
surrounding tissues. When free radicals are produced in 
excess to the capacity of the body to neutralize them, a 
condition of oxidative stress takes place. Oxidative stress, 
defined as an imbalance between antioxidants and 
prooxidants in favor of the former, potentially leading to 
damage, generally implies that antioxidants are low and 
markers of oxidative damage are increased (27, 28). 

ROS play a crucial and possibly causative role in the 
pathogenesis of a number of acute and chronic diseases, 
such as inflammation, cancer, liver injury, atherosclerosis 
and osteoporosis (1, 2). 

In this study we measured serum MDA as a marker of 
free radical-mediated lipid peroxidation and found 
significantly elevated levels of MDA in the sera of 
osteoporotic patients were observed in the present study. 
Similar results have been reported (29). In this study, 
MDA in addition to serving as an index of lipid 
peroxidation has also served as a measure of osteoclastic 
activity. 

The original observation suggesting that lipid peroxidation 
might play a role in bone cell function was the inhibition 

Table I. Serum MDA levels and PONl activity in patients with osteoporosis and control. 

Parameters Patients with Control p 
Osteoporosis 

N 26 20 

MDA (nmoljmL) 3.8± 1.4 1.4±0.4 0.001 * 

PON 1 (U/L) 141.8±88.4 263.4±99.8 0.001 * 

Age (years) 57.6±13.8 55.5±12 0.595 

*Serum MDA level was higher (p=O.OOl) whereas PONl activity was lower (p=O.OOl) in the patient group than the controls. 
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Figure 1. Correlation between MDA levels and PON 1 activities. 

of osteoblastic differentiation upon treatment with certain 
oxidized lipid and lipoproteins (30-32). 

Lipids have been shown to accumulate in bones of mice 
and around bone vessels in patients with osteoporosis 
(33). Because the immature osteoblasts are located 
immediately adjacent to the subendothelial matrix of bone 
vessels, lipid accumulation in subendothelial matrix would 
be expected to inhibit differentiation of the bone-forming 
cells. In addition, because oxidized lipids induce 
endothelial expression of monocyte chemotactic factors 
a potent inducer of osteoclastic differentiation, oxidized 
lipids would be expected to promote bone resorption by 
recruitment and differentiation of osteoclast precursor 
cells (34). 

Osteoporosis is in part a result of diminished bone 
formation by osteoblasts with aging. Thus, similar to the 
artery wall, lipoproteins and lipids accumulate in bone 
and undergo oxidation (35) and they may affect the cellular 
constituents of bone including the osteoblastic cells and 
inhibit their proper bone-forming activity. This seems 
quite plausible since bone contains a significant number 
of blood vessels, with cellular constituents ofbone located 
in close proximity to the interwoven vascular beds, and 
accumulation of lipids in the osteons ofhuman osteoporotic 
bone has been demonstrated (33-35). 
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We found decreased serum PON 1 activity in osteoporotic 
patients in comparison to healthy controls. The mechanism 
of the observed decrease in serum PON 1 activity in 
osteoporotic patients remains unclear. 

This decrease could be related to enhanced lipid 
peroxidation, since oxidized lipids are reported to inhibit 
paraoxonase activity. Increased inactivation of PON 1 
according to increased generation ofROS in osteoporotic 
patients can explain the decrease in serum PON1 activity 
(16). 

In addition, we have previously shown that PONl activity 
was decreased in some diseases due to ROS pathogenesis 
under oxidative stress and inflammation condition 
(19-23). 

We used MDA as an indicator of oxidative stress; observed 
increase in MDA may be related to decreased PONl. 
As to our knowledge, this is the first study, which 
determines together with MDA level and PONl activity 
in osteoporotic patients. In the present study, we found 
a negative correlation between PONl activity and MDA 
levels. This evidence also supports our hypothesis. 

It was reported that protection against LDL oxidation is 
accomplished by PON1 inactivation and the authors 
attributed this to the interaction between the free sulfhydryl 
group of PON1 and specific oxidized lipids in oxidized 
LDL (16). 

The effects of oxidized lipids on bone cells may be caused 
through direct interactions with the cells via receptor
mediated responses and/or through generation of other 
inflammatory factors such as cytokines that may then 
produce the observed effects of the oxidized lipids on 
bone cells. Oxidized lipids induce the expression of 
cytokines both in vitro and in vivo (30, 36-38). 

Kumon et al reported that serum paraoxonase activity 
was down-regulated by interleukins (39). There are also 
studies indicating that these parameters are increased in 
sera of osteoporotic patients (36). Consequently, decrease 
in PONl in sera of osteoporotic patients may be related 
to the increase of these cytokines. 

PON 1 activity may also be altered as part of the 
inflammatory response. Van Lenten et al. ( 40) showed 
that HDL became pro inflammatory during the acute phase 
response, possibly due to loss of PON 1 activity from 
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HDL. Moreover, Feingold et al. (41) showed a decrease 
in serum PONl activity and hepatic PONl mRNA in 
Syrian hamsters injected with lipopolysaccharide to induce 
the acute phase response. 

In conclusion, increased ROS levels in osteoporotic 
patients may result in a pro-oxidation environment, which 
in turn could result in decreased antioxidant PONl activity 
and increased MDA levels. As a result, lipid peroxidation 
may have a role in the pathogenesis of the osteoporotic 
patients. Since PONJ is also an antioxidant agent, effective 
antioxidant therapy to inhibit lipid peroxidation is necessary 
and agents to increase PONl activity may be a therapeutic 
option in osteoporotic patients. 
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