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Osteoporosis is a long-term degenerative condition that develops
when there is an imbalance between bone growth and
resorption. Oxidative stress (0OS) parameters like total
antioxidant status (TAS), total oxidant status (TOS), oxidative
stress index (OSI), and malondialdehyde (MDA) are believed to
play an important role in this disease. While the two forms of
xanthine oxidoreductases enzyme (XDR): xanthine oxidase (XO)
and xanthine dehydrogenase (XDH) are parts of the molybdenum
iron-sulfur flavin hydroxylase group of enzymes. The purpose of
this study is to know the impact of XO, XDH, and OS on this silent
disease. Total of (150) samples of postmenopausal women were
included in the present study (divided equally to 3 groups as
follow: apparently healthy as control, osteopenia, and
osteoporosis groups). With the two enzymes, other OS
parameters were measured by colorimetric tests. Results
showed significantly increase in XO activity in two patients
groups compared with control group. In contrast, the XDH
activity was significantly decreased. Also, TOS, OSI, and MDA
were significantly increased while TAS was significantly
decreased between the groups of patients compared with the
control group. Based on the observations, it can be concluded
that such an increase XO activity is due to the increase
conversion of the other form (XDH) to XO led to the production
of reactive oxygen species and so, OS increase. The present data
provide further evidence of the relation of such disease with 0OS
and the role of XOR generation of oxidant molecules and
inflammatory reaction in this common disease.
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Introduction

frequently remain oblivious that their
condition is progressing until a fall or other

Osteoporosis  (OP) is a chronic skeletal impact with sufficient force results in a bone
condition characterized by a loss of bone fracture [1]. The OP disease that shows a
mass and bone mineral density (BMD). As a reduction in bone mass, micro
result, the quality or structure of bone  architectural disruption, and enhanced
deteriorates, weakening the bone structure  gkeletal fragility, with subsequent low bone
and perhaps causing fractures. Due to the  gtrength and high rates of fracture [2]. The

absence of noticeable defects,
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patients disease causes bones to deteriorate in
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density, become brittle, and cracks more
easily [3]. Measurements of bone turnover
markers (BTMs) and BMD can be used to
forecast it since an increase in BTMs is
related to a decrease in BMD. It happens
when bone resorption surpasses
production [4]. As a result, identifying people
who are at a higher risk of fracture is critical
for the early intervention and lowering
fracture risk due to the rapid expansion of the
older population, OP has now become an
epidemic in several countries [5];
demographic transition in developing
countries i.e. prolonged life expectancy might
increase the prevalence of OP [6]. More than
9 million fractures occur each year due to OP
worldwide, meaning that a fragility fracture
occurs every three seconds [7]. OP affects
about one
prevalence increases with age from 2% at 50
to >25% at 80 years old, which reflects the
significant increase in bone loss rate in
postmenopausal women after losing the
protective effect of estrogen. Women from
Africa and the Caribbean tend to be less
vulnerable than white or Asian women [8].
Disease acuteness and bone mass loss are
linked to increase inflammation-stimulating
cytokines systemic inflammatory disorders
[9]. Meanwhile, OP is related with oxidative
stress (OS) which produced when there is an
imbalance between the formation of reactive
oxygen species (ROS) as oxidants and the
capacity of antioxidants to scavenge them
[10,11]. The produced ROS
osteoblasts to apoptosis and reduce their
activity,
osteogenesis. Furthermore, the high levels of
ROS block and
differentiation, resulting in
mineralization and

bone

in every four women, its
y

caused
which was also detrimental to
reduce  osteoblast
decreased
[12].
Likewise, chronic inflammation, aging, and
OP can all be caused by an excess of free
radical damage to biomolecules [13].

(XOR) is a
housekeeping enzyme that is a member of the
molybdenum iron-sulfur flavin hydroxylases.

osteogenesis

Xanthine oxidoreductase
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It plays a major role in the catabolism of
purines by catalyzing the two final stages that
result in the formation of uric acid from
hypoxanthine and xanthine [14]. It is widely
distributed in the heart, liver, kidney, and
vascular endothelium [15]. The enzyme only
has dehydrogenase activity in organisms, but
it has two interchangeable activities in
mammals: xanthine dehydrogenase (XDH, EC
1.17.1.4) and =xanthine oxidase (X0, EC
1.17.3.2) [16] in which XDH reduces NAD+ to
NADH, while oxygen is used by XO to
generate hydrogen peroxide and superoxide
[17-19]. According to the points mentioned
above, the present study aimed to evaluate
the XOR activities and OS status in serum
samples of postmenopausal Iraqi women.

Materials and methods

This study has been performed in the period
from October to December 2021 including
150 postmenopausal Iraqi women who were
attending Baghdad Teaching Hospital, in the
Medical City Complex, Irag. The women were
divided into three groups according to the T-
score values for BMD obtained from the dual-
energy X-ray absorption spectroscopy DEXA
scan. The first group included 50 apparently
healthy individuals (age 59 #* 7.05). The
second group included 50 patients with
osteopenia (age 59.02 £ 7.41), while the third
group consisted of 50 patients with
osteoporosis (age 59.1 * 7.65). The body
mass index (BMI; Kg/m?) was measured by
weight in (Kg) / length in (m2). All
participants were subjected to a personal
interview by using especially designed
questionnaire
detailed
approval. The exclusion criteria of samples
included diabetes mellitus,
hypothyroidism, and
hyperthyroidism-patients that were treated
with steroid drugs. Protocol was approved by
the Ethics Committee of the College of
Science/ University of Baghdad. Samples

format full history with

information after getting their
rheumatoid
arthritis,
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collection included 10 mL of venous blood
that were placed in the tube at room
temperature and centrifuged for 5 minutes at
3,000 cycles/min. The serum was put into an
eppendorff tube and stored in -20°C freezer
until it was analyzed. The XO activity was
determined by the method of Ackermann and
Brill, while the XDH activity was determined
by Fried et al method. The MDA
measurement was done by using Satoh
modified method. Both TOS and TAS levels in
serum were determine by using Erel’s
methods. The findings were presented as
(micromolar hydrogen peroxide equivalent
per liter; umol H20, Eq./L) values of TOS and
(millimolar uric acid per liter; mmol uric acid
Eq./L) values of TAS. The following equation
[14] was used to calculate the OSI value: OSI =
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The data were fully characterized using
SPSS by
computer software. The data in this study
were presented as Standard
deviation (Mean* SD) by using One-way
ANOVA. ROC is a statistical analysis that uses
a plot of the association between sensitivity
and 1-specificity to determine a diagnostic
test's optimal specificity and sensitivity [20].

licensed materials version 26

a Meanz

Results

The study included one hundred and fifty
Iragi women, the mean * SD for their age,
BMI, BMD, and T-score were represented in
(Table 1). Depending on this information, the
three groups were classified, and the results
indicated significant variations in BMD and T-
score between them.

TOS (pmol H:0, Eq./L) / TAS (umol
glutathione Eq./L).
TABLE 1 Mean # SD of age, body mass index, bone mineral density, and T-score
Control Osteopenia  OSCOPOTOSiS  Gomparison of g
Parameter (n=50) (n=50) (n=50) i -
(Mean * SD) (Mean # SD) (Mean * SD)
Age (years) 59 + 7.05 59.02 + 7.41 59.1 + 7.65 0.997 N.S
BMI (Kg/m?) 31.07+ 2.34 31.08  3.85 31.21+4.21 0.977 N.S
b,
BMD (g/cm?) 1.03 + 0.04 0.86 + 0.04>¢ 0.68 + 0.032¢ <0.001 s
T- score -0.108 £ 0.49 -1.77 £ 0.33bc -3.25 + 0.58a¢ <0.001 S

(BMI): Body mass index, (BMD): Bone Mineral Density, (a): indicated a significant difference between Osteoporosis
and Control, (b): indicated a significant difference between Osteopenia and Control, and (c): indicated a significant

difference between Osteopenia and Osteoporosis.

A person's BMI is an anthropometric
measurement based on their weight and
height that aids in assessing their obesity
status, as reported in Table 1. There was a
non-significant difference in age and BMI (p
=0.977) between the studied groups that
were obese people. There was a non-
significant difference in (Mean * S.D) age
between the studied groups.

The activities of both XO and XDH were
summarized in Table 2. The results appeared

to show significant increases between XO
activities of Osteopenia and OP when
compared with control. While the XDH
activities of both patients groups were
decreased comparing with control group, and
the OP decreased significantly. It is clear that
OP patients revealed the higher mean value of
X0 activity than osteopenia patients on the
other hand, the XDH activity was lower, but
the results were non-significant.
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TABLE 2 Mean * SD of serum xanthine oxidase (XO) and xanthine dehydrogenase (XDH)

activities in studied groups

Control Osteopenia Osteoporosis Comparison of
Parameter Group group group Sig.
(Mean % SD) (Mean * SD) (Mean * SD) P-value Sig
X0 [Uu/L] 42.6 +20.43 63.86+ 31.29b 66.47 £ 31.72 P<0.001 S
XDH [U/L] 0.071 £ 0.017 0.064 +0.017 0.062 £ 0.0182 P<0.05 S

(X0): Xanthine Oxidase, (XDH): Xanthine Dehydrogenase, (a): indicated a significant difference between Osteoporosis
and Control, and (b): indicated a significant difference between Osteopenia and Control.

Coloremetric methods were used to
evaluate the OS status in the sera of the three
studied groups, as illustrated in Table 3.

TABLE 3 Mean * SD of total oxidant status, total antioxidant status, oxidative stress index, and

malondialdehyde in sera of three studied groups

Control

Osteopenia

. Comparison of
Osteoporosis

Sig.
Parameter Group group group
(Mean % SD) (Mean * SD) (Mean * SD) P- Sig
value

TOS (mmol b .

H,0,Eq /L) 0.041 +0.015 0.056 +0.025 0.067 +0.027 <0.001 S

TAS (mmol

glutathione 0.533+0.131 0.39 £ 0.1260 0.389+0.1282 < 0.001 S

Eq./L)

TOS\TAS (0SI) 0.08 +0.028 0.148 + 0.064b« 0.182 + 0.08ac <0.001 S

MDA(nmol/L) 12.09 + 3.65 14.45 + 6.88 15.69 + 7.16a <0.05 S

(TOS): Total oxidant status, (TAS): total antioxidant status, (OSI): oxidative stress index, (MDA): malondialdehyde,
(a): indicated a significant difference between Osteoporosis and Control, (b): indicated a significant difference
between Osteopenia and Control, and (c): indicated a significant difference between Osteopenia and Osteoporosis.

Indicators of OS (TOS and OSI) were in a
highly significant increase (p<0.001) and
MDA (p<0.01) in were significantly increased
in patients group compared with the control
groups. The result indicates a high significant
change in patients group compared with the
control groups in the TAS (P< 0.001), as listed
in Table 3. The OSI
significantly between the

value increased

two patients

groups, while MDA was not significantly
higher in OP group.

The correlation coefficient between XO
and XDH with individual parameters in
control group is shown in Table 4.

The correlation coefficient between XO
and XDH with patient's parameters in
osteopenia group is demonstrated in Table 5.
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TABLE 4 Correlation between X0 and XDH with individual parameters in the control group

Control group X0 (U/L) XDH (U/L)
r -0.057 0.098
Age (years)
p-value 0.696 0.497
-0.16 -0.124
BMI (kg/m2) r
p-value 0.268 0.389
-0.147 0.04
BMD (g/cm?) r
P-value 0.307 0.782
r 0.154 0.053
T-Score
P-value 0.284 0.716
1 -0.025
X0 (U/L) r
p-value 0.865
-0.025 1
XDH (U/L) r
P-value 0.865
r 0.068 0.149
MDA (nmol/mL)
P-value 0.64 0.3
TOS(mmolH20:2Eq r 0.075 -0.116
/L) P-value 0.605 0.421
TAS(mmol r 0.018 0.058
glutathioneEq./L)  p y5¢ 0.903 0.689
r 0.104 -0.084
0SI
P-value 0.471 0.563

(BMI): Body mass index, (BMD): Bone Mineral Density, (X0): Xanthine Oxidase, (XDH): Xanthine Dehydrogenase,
(TOS): total oxidant status, (TAS): total antioxidant status, (OSI): oxidative stress index, (MDA): malondialdehyde, (r):
Pearson’s correlation coefficient, and (*): P-value less than 0.05 (significant).

TABLE 5 Correlation between XO and XDH with patient’s parameters in osteopenia group

Osteopenia Group X0 (U/L) XDH (U/L)
r -0.17 -0.058
Age (years)
P-value 0.239 0.689
r 0.176 0.093
BMI (kg/m2)
P-value 0.221 0.523
r 0.102 0.045
T-Score
p-value 0.480 0.755
r 0.109 0.038
BMD (g/cm?)
p-value 0.452 0.792
r 1 0.042
X0 (U/L)
P-value 0.774
r 0.042 1
XDH (U/L)
P-value 0.774

MDA (nmol/mL) r -0.141 0.002
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P-value 0.33 0.992

TOS (mmol H202 r 0.029 -0.455**
Eq /L) P-value 0.841 0.001

TAS (mmol r 0.125 0.399**

glutathione

Eq./L) P-value 0.385 0.004
osI r -0.088 0.257
P-value 0.546 0.072

(BMI): Body mass index, (BMD): Bone Mineral Density, (X0): Xanthine Oxidase, (XDH): Xanthine Dehydrogenase,
(TOS): total oxidant status, (TAS): total antioxidant status, (OSI): oxidative stress index, (MDA): malondialdehyde, (r):
Pearson’s correlation coefficient, and (*): P-value less than 0.05 (significant).

The correlation coefficient between XO
and XDH with patient's parameters in
Osteoporosis group is shown in Table 6.

TABLE 6 Correlation between XO &XDH with patient’s parameters in the osteoporosis group

Osteoporosis Group X0 (U/L) XDH (U/L)
r 0.062 0.132
Age (years)
P-value 0.671 0.361
r 0.077 -0.063
BMI (kg/m2)
P-value 0.597 0.539
r -0.085 -0.171
T-Score
P-value 0.565 0.234
0.044 -0.223
BMD (g/cm?) r
p-value 0.764 0.119
r 1 -0.363**
X0 (U/L)
P-value 0.01
-0.363** 1
XDH (U/L) r
P-value 0.01
MDA r 0.024 -0.233
(nmol/mL) P-value 0.871 0.101
TOS (mmol r -0.051 -0.012
H202 Eq /L) P-value 0.724 0.934
TAS (mmol r 0.137 0.02
glutathione
Eq./L) P-value 0.343 0.888
r -0.121 -0.083
0OSI
P-value 0.404 0.567

(BMI): Body mass index, (BMD): Bone Mineral Density, (X0): Xanthine Oxidase, (XDH): Xanthine Dehydrogenase,
(TOS): total oxidant status, (TAS): total antioxidant status, (OSI): oxidative stress index, (MDA): malondialdehyde, (r):
Pearson’s correlation coefficient, and (*): P-value less than 0.05 (significant).

ROC curves for X0, XDH, and OSI to control
and osteopenia, control and osteoporosis,
respectively, are depicted in Chart 1.
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CHART 1 ROC curve between (A): control and osteopenia groups, and (B): control and

osteoporosis groups
Discussion

The silent disease (OP) is characterized by
low bone mass as a result of bone loss and
insufficient bone production. This causes
bones to become more brittle, increasing the
likelihood of fractures, particularly in the hip,
spine, wrist, and shoulder regions [3]. Age is a
risk factor. In several diseases especially in
OP, the decline in the bone marrow and
osteoblast is linked to age-related alterations
in creating and distinguishing [21]. One in
every three women over the age of 50 and
one in every two women over the age of 60
will experience an OP-related fracture. The
results of (Table 1) show no significant
change between three groups. Hammed EO, et

al[22] and Zavar-Reza ]. [23] results
appeared that no difference in the age of
patients compared with control, confirming
our findings. The reason for this is that the
study was conducted on a specific age group
and fixed for all groups. The age (mean * S.D)
of OP, Osteopenia and control groups were
(59.1 = 7.654), (59.02 + 7.413), and (59 +*
7.057) respectively. While, the
participant women in this work were aging

years,

and postmenopausal. The current study
showed that there was no significant
difference in BMI between patients and
controls, as indicated in Table 1. However, all
participants in this wok were obese. Obesity
is a worldwide health problem. When the BMI
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exceeds 30 kg/m?, the word "obesity" is used,
it affected 600 million people and 42 million
children under five in 2014. According to
several studies, this is the most severe threat
to human life, and it is more prevalent in
women, due to the common progenitor stem
cell's abnormal commitment to adipocytes
rather than osteoblasts observed in obesity,
increased bone marrow lipid metabolism
may decrease bone mass in obese patients
[24]. According to recent studies, an increase
in BMI is harmful to BMD and bone formation
[25]. They only discovered a delay in bone
loss in obese women to a delayed x-ray
response by fat [26]. The XOR a key enzyme
in the breakdown of purines, catalyzing the
conversion of xanthine, and hypoxanthine
into the final metabolite, urate.The current
study found significant increases in the serum
X0 activities in Osteopenia and OP compared
with the control group, with a significant
decrease in serum XDH activities in patients
with OP compared with control group (Table
2), the results were consistent with other
studies on another inflammation diseases
which indicate that XO levels are increased in
several pathological states like inflammation
[27]. The fluctuation in the results of
osteopenia between the control group and
the OP group may be due to a T- score values
that may be near that of control, while its
value for OP was about two fold that of
osteopenia. The XOR can promote superoxide
formation in low pH and hypoxia. Although
different enzymes are involved in generating
these species. The XOR activities may
produce a variety of ROS and RNS [28]. XOR
and its products can induce inflammation and
OS [16]. Superoxide produced by xanthine
and XO systems promotes new osteoclast
production and bone resorption, suggesting
that free oxygen radicals produced in the
bone can promote osteoclast formation.
Furthermore, hydrogen peroxide induces the
production of osteoclasts in a concentration-
dependent way, increasing bone resorption
[29]. An imbalance between pro-oxidants and

N.A. Naama and ].A. Zainulabdeen

antioxidants, which is caused by higher levels
of (RNS) and/or (ROS), is what the OS
concept refers to as a decrease in antioxidant
defense systems[30]. Systems [30]. Several
studies have demonstrated that OS decreases
bone  formation by  reducing the
differentiation and survival of osteoblasts.
However, while ROS can activate osteoclasts,
they can also boost bone resorption [31]. This
intracellular OS promotes osteoclast bone
resorption associated with inflammatory
cytokines while inhibiting osteoblast bone
growth [29]. XOR may play a role in the OS
pathophysiology and the inflammatory
response produced by uric acid and XOR-
derived reactive oxygen radicals[28]. Radicals
[28]. OS is produced when there is an
imbalance between the ROS formation and
the capacity of antioxidants to scavenge them
[10]. By increasing the inflammatory
response and modifying the survival and
differentiation of osteoblasts, OS accelerates
bone remodelling turnover and bone mass
loss. In contrast, antioxidants reduce OS and
bone mass loss [32,33]. The results of (Table
3) revealed that the oxidants (or their
markers MDA) increased gradually from
control group through osteopenia to OP and
vice versa for antioxidants in spite of that
some results were not significant. ROS has
been suggested to play a major role in OP
including bone resorption, with osteoclast-
generated superoxide contributing directly to
bone degeneration. As a result, the clinical
evaluation of TAS and OSI was explored [10].
A study in China found that OP was correlated
with a significant decrease in TAS and an
increase in OS], suggesting that the formation
of OP is associated with an imbalance of ROS
and antioxidant systems. The results further
verified the significance of OS and ROS in the
development and progression of osteoporosis
[10].Also, a study in Turkey by Altindag O. et
al. found lower TAS, higher TOS, and a higher
OSI in OP patients than healthy controls
[34].This is consistent with our study. MDA is
one of the terminal products of intracellular
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polyunsaturated fatty acid peroxidation. An
increase in unfastened radicals causes
overproduction of MDA [35]. MDA levels in
OP women were significantly higher than in
healthy individuals [35, 36]. The current
results approved these studies.

The correlation results in Table 4 indicate
a negative correlation between XDH and TOS,
but a positive correlation between XDH and
TAS in osteopenia patients. In OP patients, XO
has a negative correlation with XDH, as
illustrated in Table 5. The XOR serum levels
are usually very low in humans. However,
XOR levels may become more elevated in
some pathological conditions, which cause
XOR release from damaged cells into the
circulation, where it is converted into the
oxidase form [37] .XO is produced when the
native form of XDH is altered either by
sulphydryl oxidation or by limited proteolysis
[38]. XDH antioxidant enzymes is responsible
for maintaining the balance between the
functions of free radical formation and
eliminating their excessive amounts[39]. The
storage of organ antioxidants, primarily from
the liver and adipose tissues, as well as the
stimulation, or activation of antioxidant
enzymes prevent TAC deficiency caused by
oxidative
antioxidants are suitable not only as a
protection against oxidation, but also reflect
their consumption during acute oxidative
stress state [40]. The results of the Roc curve
showed the diagnostic susceptibility of XO
and OS to osteopenia and OP.

stress. The levels of these

Conclusion

Based on the obtained findings, due to
significant differences between the study
groups, the XOR enzymes play an important
role in the OP development. Increased XO
activity is due to the increase conversion of
the other form (XDH) into XO causing
production of reactive oxygen species, and so
increasing OS. In addition, we can conclude
that the OS status in OP Iraqi woman plays a
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key role in the development of osteopenia,
osteoporosis, and its  complications.
Moreover, the OS parameters such as the TAS
decrease and increase of TOS, OSI, and MDA
appear to be among those that predict long-
term complications. According to the ROC
curve results, X0 and OSI may help diagnose
postmenopausal women with Osteopenia and
OP. These data may support future strategies
for the OP prevention where the control of
such markers may have therapeutic value.
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