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ABSTRACT

The purpose of this study was to quantify the expressions of XO and MDA in the gingival tissues of
the chronic periodontitis patients associated with HTN, Xanthine oxidase (XO) generates reactive oxygen
species, Malondialdehyde (MDA) is one of many low molecular weight end-products of LPO and is the
most often measured as an index of peroxidation, Depending on the patient's systemic condition and
clinical criteria of gingiva, each gingival sample was divided into three groups. Group 1 is clinically healthy
gingiva, Group 2 is inflamed gingiva from patients with chronic periodontitis, Group 3 is inflamed
gingiva from patients with chronic periodontitis associated with HTN. The expression levels of XO
increased in order of group 1, group 2 and group 3, and significantly increased in group 3 as compared
to group 1. The expression levels of MDA increased in order of group 1, group 2 and group 3. MDA
expression was significantly higher in group 2 than in group 1, and the quantitative analysis of MDA
level was significantly higher in group 3 than in group 1. In conclusion, this study demonstrated that
the expression levels of XO and MDA might be inflammatory and bone resorption marker in perio-
dontal inflammed tissue. It is assumed that hypertension may be associated with the progression of
periodontal inflammation and alveolar bone resorption.
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INTRODUCTION cytosis (Sculley & Langley-Evans, 2002).

Excessive production of ROS in PMN is one of the

Periodontitis is a chronic inflammatory disease caused pathologic features in the periodontal lesion (Ekuni et

by oral bacterial infection (Page & Kornman, 1997). al., 2008), and it leads to damage of the periodontal
tissue by oxidizing DNA, lipids, and proteins (Chapple
et al., 2007),

ROS is a collective term, which encompasses not

When stimulated by bacterial pathogens, host immune
response is accompanied by increase in cytokines

expression such as IL-8 and TNF-a, leading to elevated

numbers and activity of polymorphonuclearleukocyte only true free radicals but also other reactive species

(PMN). As a result of stimulation by bacterial patho- which are capable of radical formation in the intra-

gens, PMN produces the reactive oxygen species (ROS) and extracellular environments, Excess production of ROS

via the respiratory burst, during the process of phago- and the resultant oxidative stress contribute significantly
)

to tissue damage in many diseases in over 100 diso-

rders such as rheumatoid arthritis (RA), diabetes, AIDS
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and cancer (Curnutte & Babior, 1987, Halliwell B, 1996),
Oxygen-derived free radicals include superoxide (O,),
hydroxyl (OH) and nitric oxide (NO), and non-radical
derivatives of oxygen include hydrogen peroxide (H;O,)
and hypochlorous acid (HOCL) (Chapple & Matthews,
2007; Halliwell B, 2000; Waddington et al., 2000).

Xanthine oxidase (XO), a form of xanthine oxidore-
ductase, that generates reactive oxygen species (Ardan
et al,, 2004), and an enzyme that catalyzes the oxida-
tion of hypoxanthine to xanthine and can further
catalyze the oxidation of xanthine to uric acid (Harrison
R, 2002), XO generated ROS are implicated in both
tissue structural damage and cell signaling interfe-
rence, and can cause lipid peroxidation (LPO), resul-
ting in disruption of membrane architecture and lyso-
somal enzyme release (Weiss SJ, 1986), and DNA and
amino acid oxidation, causing genetic mutations and
enzyme dysfunction or proteolysis (Turko & Murad,
2002). Dysfuction of proteins due to ROS has been
implicated in the pathophysiology of several cardio-
vascular diseases (CVD), including autoimmune myo-
carditis, HTN, and heart failure (Kehrer JP, 2000),
although this remains controversal. In regard to XO,
oxidative injury is often achieved via the byproducts
of O; and H,O, generation,

ROS can induce lipid peroxidations (LPO) having
effects on cells (Ornoy A, 2007). Redundant produc-
tion of LPO can result in oxidative stress and conse-
quently, damage to cell integrity. Because LPO results
from oxidative stress, numerous markers have been
used to monitor this process.

Malondialdehyde (MDA) is one of many low molecular
weight end-products of LPO and is the most often
measured as an index of peroxidation, which has
numerous deleterious effects on biological systems
(Richter C, 1987, Matés et al., 1999). An increased free
radicals causes overproduction of MDA that reacts
with DNA, cause a mutagenic transformation within DNA,
In addition, MDA interact with several functional groups
on proteins, altering their chemical behavior and possibly
contributing to carcinogenesis and mutagenesis, Several
pathologic disease have been studied from an oxida-
tive viewpoint in recent years and MDA has been

used as a common oxidative stress biomarker,

GOnen¢ et al. (2001) found higher levels of plasma
MDA in subjects affected by breast or lung cancer.
MDA plasma levels were found to be higher in
non-insulin dependent DM subjects than in healthy
controls in the previous study (Dierckx et al., 2003),
CVD have also been related to free radical-mediated
mechanisms and to LPO. Polidori et al. (2002)
found higher levels of antioxidants and lower levels
of MDA in healthy subjects when compared in a
case-control study with congestive heart failure
patients.

HTN is a major contributor to the development of
renal failure, CVD, and stroke and has been the
object of many studies due to its high prevalence
and high impact on morbidity and mortality (Kim et
al,, 1994). Among the factors associated with the
development of hypertension, an extremely important,
complex and current one is the participation of ROS
in its pathogenesis. ROS influence vascular, renal, and
cardiac function and structure by modulating cell growth,
contraction/dilatation, and inflammatory responses via
redox-dependent signaling pathways. Redox processes,
mainly through the enzymes NAD(P)H oxidase, XO,
and endothelial nitric oxide synthase (eNOS), act not
only by increasing the production of O, but also
through mechanical forces that stimulate O, production
(Briones & Touyz, 2010),

The association between periodontal disease and
systemic diseases such as DM, CVD and HTN has
recently received much attention, The changes in the
host response as a consequence of various diseases
can affect the severity and prognosis of periodontitis.
Over the past few years, several epidemiologic studies
examined the potential association between perio-
dontitis and HIN (Perlstein & Bissada, 1977). Possible
explanation of association between periodontitis and
HTN is that vascular changes in gingival tissue with
HTN contribute to an increase of inflammation and
alveolar bone resorption in gingival tissue (Fabio et
al., 2003).

There are few data related with HIN and perio-
dontal disease, despite the high prevalence of HTN
in the general population and its leading prognostic

importance. So far, it has been reported that some-
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Table 1, Patient characteristics

Group1 Group2 Group3
(n=16) (n=16) (n=16)
Gender 7 males, 7 males, 10 males,
9 females 9 females 6 females

Age mean 404 yrs mean 475 yrs mean 519 yrs

(28 yrs ~ 52 yrs) (37 yrs ~ 59 yrs) (38 yrs ~ 60 yrs)
Pocket depth mean 2.1mm mean 8.3mm mean 8.6mm
Smokers n=0 n=0 n=0

Systolic blood pressure
Diastolic blood pressure

mean 110.6 mmHg
mean 834 mmHg

mean 111.9 mmHg
mean 84 6mmHg

mean 165 9mmHg
mean 108.3mmHg

what controversal results about the roles and inter-
actions of ROS in the periodontal tissues, However
the relation between ROS and periodontitis are not
entirely understood yet, Moreover, few studies have
been simultaneously analyzed ROS in periodontitis
with or without hypertension.

The purpose of this study was to quantify the
expressions of MDA and XO in the gingival tissues

of chronic periodontitis patients associated to HTN,

MATERIALS AND METHODS

1, Study population and Tissue sampling

Study population was consisted of 16 patients with
hypertension and chronic periodontitis, 16 patients
with chronic periodontitis, and 16 healthy individuals,
Marginal gingival tissue samples were obtained by
internal bevel incision at the time of periodontal surgery
(including surgical crown lengthening) or tooth
extraction and informed consent was obtained from
all of the participants before the surgery. This study
was approved by the Ethical Committee of clinical
experiments, Kyungpook National University Hospital,

According to the patient's systemic condition (age,
sex, blood pressure, obesity and smoking), the clinical
criteria of gingiva (Sulcus bleeding index value, probing
depth) and radiographic evidences of bone resorption,
each gingival sample was divided into the three groups.

Group 1 (control) is clinically healthy gingiva without
bleeding and evidence of bone resorption or perio-
dontal pockets, obtained from systemically healthy 16

patients,

Group 2 (chronic periodontitis) is inflamed gingiva
from patients with chronic periodontitis, The diagnosis
of chronic periodontitis was established on the basis
of clinical and radiographic criteria (bone resorption)
according to the classification system for periodontal
disease and condition. All patients of group 2 were
systemically healthy and had more than one perio-
dontal pockets >5 mm and at least one pocket with
>5 mm loss of attachment, All gingival samples were
obtained from the teeth with probing depth >5
mm, swelling of the marginal gingiva, and bleeding
corresponding to gingival sulcus bleeding indexes
above 3 according to Milhlmann and Son (1971),

Group 3 (chronic periodontitis with hypertension)
is inflamed gingiva from patients with chronic perio-
dontitis associated with hypertension, Patients in group
3 were diagnosed hypertension since 6 months and
showed systolic pressure greater than 140 mmHg or
diastolic pressure greater than 90 mmHg without
medication, Patient characteristics are presented in
Table 1.

After surgery, excised tissue specimens were immedi-
ately placed on liquid nitrogen and subsequently

frozen at -70C.

2. Protein Isolation and Western blotting

For Westermn blotting, as previously described technique
by Kim et al, (2011) and Lee et al, (2010), frozen
tissues were homogenized in RIPA lysis buffer (10
mM EDTA, 0.15M NaCl) with 1:30 diluted protease
inhibitor cocktail (Roche, Germany) (Cho et al,, 2000),
The lysates were sonicated 3 times for 10 seconds

and centrifuged at 12,000g for 15 minutes. Protein con-



148 CHsix|DIRIZEtE|K| ®M41E ®1S 2014

centrations of supernatant were routinely determined
by a Braford protein asssay (Quick Start, BIO-RAD,
USA) using BSA as standard, Lysates were boiled in
SDS samples buffer (IM Tris-Cl (pH6.8), 40% glycerol,
8% SDS, 2% mercapto-ethanol, 0.002% Bromophenole
blue). Prepared samples were separated by 15% sodium
dodecyl sulfate (SDS)-polyacrylamide gels and trans-
ferred to a polyvinylidene difluride (PVDF) membrane,
The membranes were subsequently blocked in Tris-
buffered saline (TBS) containing 5% powdered milk
and 1% BSA for 1 hour, and then incubated with
polyclonal anti-XO antibody (diluted 1:1,000 in TBS,
$c-22006, Santa Cruz Biotechnology, Inc. USA) and
anti-MDA antibody (diluted 1:1,000 in TBS, sc-130087,
Santa Cruz Biotechnology, Inc, USA) for 1.5 hours
at room temperature,

The membranes were washed (five times for 5 minutes
with Tween 20) and incubated with a horseradish pero-
xidase (HRP)-conjugated donkey anti-goat IgG-HRP
secondary antibody (diluted 1:2,000 in TBS. sc-2020,
USA) for anti-XO
antibody and anti-MDA antibody for 1 hour at room

Santa Cruz Biotechnology, Inc.

temperature, After additional washing (five times for
5 minutes with Tween 20), the Western blot proce-
dure was completed with an ECL Plus development
kit (Amsterdam, Beckinghamshire, U.K.)

The relative quantification analysis of XO and MDA
expression was performed using a densitometer (Image
Gauge V 3.46, Koshin Graphic Systems, Fuji Photo
Film Co., Japan). After normalization to f-actin
(Abcam®
MDA were expressed as a ratio of XO and MDA/

-actin and the differences of density between 3

, UK,) in each sample, levels of XO and

groups were determined,

3. Statistical Analysis of the Western blot results

All data were presented as means * standard
deviation and results were statistically analyzed. The
XO and MDA levels were compared using one way
ANOVA followed by Tukey test. P value { 0.05 was

considered to statistically significant,

RESULTS

Marginal gingival tissues from three groups showed
the expression of XO and MDA in all samples,

The comparison of XO expression levels was also
studied by Western blot analysis using a XO specific
antibody which detected about 150 kDa molecular
weight of XO in all three groups (Fig. 1). The nor-
malized levels of individual gingival XO expression
(ratio of XO/f-actin) were given in Table 2 and
summarized as a graph in Fig. 2. The mean value
of XO expression was 0.652+0.178 for group 1,
0.741£0,195 for group 2, 0.856%0.199 for group 3.
There was a significant difference between group 1
and group 3. However, there was no statistically
differences between group 1 and group 2, between

group 2 and group 3.

Group 1 Group 2 Group 3
1 2 3 4 1 2 3 4 1 2 3 4
XO b ek A

B ACHT = T o s s o S S T ——

Fig, 1, XO westem blot analysis showing 4 representative
samples in each group, XO levels are quantified on the
basis of g-actin levels, XO corresponding fo molecular
wejght 150 kDa is shown fo be expressed in all samples
including healthy gingiva, and the expression levels of XO
are increased in order of groyp 1, group 2 and group 3.
Group 1 : healthy gingiva from systemically healthy person,
Group 2 : inflamed gingiva from patient with chronic perio-
aontitis,

Group 3 : inflamed gingiva from patient with chronic
periodontitis with HTN.

Representative Western blot analysis using MDA
specific antibody which detected about 68 kDa
molecular weight of MDA were presented in Fig, 3.
The levels of normalized MDA expression (ratio of
MDA/f-actin) are given in Table 3 and summarized
as a graph in Fig. 4. The mean value of MDA ex-
pression were 0.74110.151 in group 1, 0.919%+0.116
in group 2 and 1.003%£0.081 in group 3. There was
a significant difference between group 1 and group
2, between group 1 and group 3. However, there
were no significant differences between group 2 and

group 3,
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Table 2, Normalized XO expressions by XO/f-actin including healthy gingiva, and the expression levels of MDA
sample group 1 group 2 group 3 are Iincreased in Ofdt?f Qf group 7, groqp 2 and group 3.
1 0644 0988 1007 Group 1 : /?ea/z‘/?y g/ng/l/a" from sysz‘ef'mca//y. healthy persor?,
5 1007 0990 1049 Grou'p’ 2 . Inflamed gingiva from patient with chronic perio-
3 0938 1,001 0983 dontts. » - -
Group 3 : inflamed gingiva from patient with chronic perio-
4 1.059 0.987 0971 dontitis with HIN,
5 0614 0.689 1,057 ’
6 0613 0.887 1.054
7 0585 0879 0880 Table 3, Normalized MDA expessions by MDA/ £ -actin
8 0.605 0.850 1.048 sample group 1 group 2 group 3
9 0,582 0523 0.835 1 0.835 0.826 0.890
10 0.646 0.805 0.769 2 0.841 0.855 0910
11 0572 0572 0.739 3 0.819 0914 0.909
12 0.590 0.590 0.964 4 0.788 0898 0919
13 0477 0.556 0.448 5 0.646 0.956 0918
14 0.431 0.4%5 0.553 6 0.719 0,956 1.010
15 0.561 0523 0.487 7 0.670 0.959 1,057
16 0511 0.555 0.851 8 0.833 0.980 1.032
Mean+SD  0652+0.178 0.741+0195 0856+0199" 9 0.752 0.711 1.033
" significant difference between group 1 and group 3 10 1.102 1.048 1.100
Group 1 : healthy gingiva from systemically healthy person. 1 0.786 1.095 1121
Group 2 : inflamed gingiva from patient with chronic perio- 12 0.850 1.039 1.092
dontitis, 13 0612 0817 1016
Group 3 @ inflamed gingiva from patient with chronic perio- 14 0511 0787 1107
dontitis with HTN, 15 0544 0774 1019
16 0.547 1,083 0919
Mean+SD 0741+0151 0919+0116" 1003+0081*
Average amount of XO . ]
+ significant difference between group 1 and group 2
o l2 + * significant difference between group 1 and group 3
§ 1 Group 1 : healthy gingiva from systemically healthy person.
A e Group 2 ! inflamed gingiva from patient with chronic perio-
8 o6 | dontitis,
= Group 3 ! inflamed gingiva from patient with chronic perio-
o %4 dontitis with HTN,
'-g 0.2
e 0
Group 1 Group 2 Group 3
Average amount of MDA
Fig. 2 Graphics showing the average amounts (ratio of - *
XO/g-actin) and standard deviation of XO level in grouyps g 12| — +
1, 2 and 3 In the group 3 the levels of XO are RO
Significantly increased as compared to group 7. 2 08 |
Group 1 : healthy gingiva from systemically healthy person, g 06 I
Group 2 : inflamed gingiva from patient with chronic perio- 5 ol
dontitis, o [
Group 3 : inflamed gingiva from patient with chronic perio- § 02
dontitis with HTN, 0
Group 1 Group 2 Group 3

Group 1 Group 2 Group 3
1 2 3 1 1 2 3 1 1 2 3 1

MDA L e e e R R R R
F ol - G S ) ) G e s

Fig, 3 MDA Western blot analysis showing 4 representative
samples in each group. MDA levels are quantified on the
basis of f-actin levels, MDA corresponding to molecular
weight 68 kDa is shown to be expressed in all samples

Fig, 4. Graphics showing the average amounts (ratio of
MDA/ g-actin) and standard aeviation of MDA level in
groups 1, 2 and 3. In the group 2 and group 3, the levels
of MDA are significantly increased as compared to group 1.
Group 1 : healthy gingiva from systemically healthy person,
Group 2 : inflamed gingiva from patient with chronic perio-
aontitis,

Group 3 : inflamed gingiva from patient with chronic perio-
dontitis with HTN.
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DISCUSSION

It is widely accepted that, toxic effects by increased
ROS would cause oxidative damage. Through their
cell-damaging effects, ROS have been implicated to
play a role in vascular injury associated with CVD,
such as HTN, atherosclerosis, restenosis and diabetic
vascular complications (Griendling et al., 2000; Land-
messer & Harrison, 2001). Small arteries undergo
structural remodelling due, in large part, to incre-
ased cell growth, cell migration, ECM deposition and
inflammation (Intengan & Schiffrin, 2001) in HTN,
All of these processes are influenced to varying
degrees by ROS. It has been also shown that ROS
production increases in the activated phagocytic cells
in peripheral blood in periodontitis (Gustafsson &
Asman, 1996). Chapple et al. (2007) has shown that the
antioxidant capacity decreases and certain oxidative
stress biomarkers increase in periodontitis,

The importance of the relationships between perio-
dontitis and systematic diseases are also emphasized.
HTIN is one of the most common disease and the
association between periodontitis and HTN has been
studied over the past few years, Oxidative stress may
act as a potential common link to explain relation-
ships between HTN and periodontitis. Both conditions
show increased serum levels of products derived from
oxidative damage, with a pro-inflammatory state
likely influencing each other bidirectionally,

However, there are only a few studies have been
simultaneously analyzed oxidative materials in perio-
dontitis with or without HTN (Kazarina et al,, 2010;
Bullon et al., 2009). We simultaneously quantified
and compared the expression of XO and MDA in
periodontitis patients with or without HTN, in order
to understand the diagnostic contribution of these
oxidative materials to periodontal destruction acco-
mpanied with alveolar bone resorption in HTN pati-
ents,

The expression levels of XO were increased in order
of group 1, group 2 and group 3. The expressions of
XO significantly increased in group 3 as compared
to group 1 (p€0.05), but there were no significant
difference between group 1 and group 2 and between

group 2 and group 3 (p)0.05). It is assumed that
XO increase in periodontitis with HTN patients of
our study may represent possible XO-generated ROS
are implicated in both tissue structural damage and
cell signaling interference and can cause lipid
peroxidation(LPO),

Berry et al, (2004) reported that XO-generated ROS
are implicated in both tissue structural damage and
cell signaling interference. In addition to tissue damage,
XO-generated ROS can also exert cardiotoxicity via
interference with cell signaling (Hellsten-Westing Y,
1993).

ROS-related tissue destruction can be measured by
the final product of LPO, such as MDA, which is the
principal and most studied product of polyunsatu-
rated fatty acid peroxidation, In this study, the qua-
ntitative analysis of MDA level showed that MDA
expression was significantly higher in group 2 than
in group 1 and the difference was statistically signi-
ficant (p€0.05). In addition, the quantitative analysis
of MDA level also showed that MDA expression was
significantly higher in group 3 than group 1 and the
difference was statistically significant (p0,05). But
although the MDA level increased in group 3 com-
pared with group 2, there was no significant difference
between groups (p)0.05). Gutteridge et al. (1995)
has shown that measuring the concentration of LPO
products such as MDA could assess the extent of
tissue damage. Elevated MDA levels of patients with
periodontitis in several studies have been reported.
Marton et al. (1993) showed that the MDA content
of chronic apical periodontitis tissues was higher than
in healthy tissue of the same individuals, Akalin et
al. (2007) has shown significantly high levels of
MDA in the saliva of patients with periodontitis in
comparison with healthy control subjects. Khalili et
al. (2008) reported a increase in the salivary MDA
activity with an increase in probing depth. These results
were agreement with their reports and indicate that
an elevated MDA level is markedly related to the
clinical status of patients, It is possible, as suggested
by Sheikhi et al. (2001), that the increased MDA level
could occur through the mechanism of superoxide anion

production during the interaction of periodontopatho-



genes or their products and neutrophils within perio-
dontal tissues or pockets.

It is assumed that MDA increase in periodontitis
with HTN patients may be due to excess of oxi-
dative stress because LPO can result in oxidative
stress,

In the present study, the difference between group
2 and group 3 of XO and MDA was not statistically
significant. However, the expression level of XO
and MDA in inflammed gingiva with HTN showed
increasing tendency compared to non-hypertensive
inflamed gingiva,

Therefore, it is suggested that HTN may induce
elevation of oxidation process and consequently influence
the changes of antioxidant levels. Pierdomenico et al.
(1998) and Lerman et al, (2001) investigated oxidation
and peroxidation in hypertensive patients and indicated
that HTN caused increased oxidation processes,
which emphasized on importance and usefulness of
antioxidants,

Reports about the ROS in periodontitis were still
controversal, now and the analysis of ROS must
accompany the careful consideration of many factors
that influence the results of oxidative stress, for ins-
tance, the limitation of sample number, the difference
of individual sample, the inherent basal antioxidant
status, the investigated tissue type (gingival crevicular
fluid or gingival tissue), investigation methodology
and the correlation among oxidative materials,

In conclusion, it is suggested that oxidative stress
in defense system like higher XO and MDA levels
seems to reflect increased oxygen radical activity
(oxidative stress) during periodontitis and hypertension,
It could also be suggested that periodontitis with
hypertension might induce elevation of oxidation
process and consequently influence the changes of
antioxidant levels, But it is currently uncertain
whether oxidative stress is a cause or a result of
inflammation, Although there are controversal studies
and further investigations are needed, these results
showed an important correlation between oxidative
stress and periodontitis with HTN,

Further investigations are needed to clarify the

role of oxidative stress in destructive periodontal

rlor
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disease and we hope that could identify specific
therapeutic targets for host-modulating therapies using

antioxidants in the future,

SUMMARY

The purpose of this study was to quantify the
expressions of XO and MDA in the gingival tissues
of the chronic periodontitis patients associated with
HTN.

Gingival tissue samples were obtained during perio-
dontal surgery or tooth extraction, Depending on the
patient's systemic condition and clinical criteria of
gingiva, each gingival sample was divided into three
groups, Group 1 (n=16) is clinically healthy gingiva
without bleeding and no evidence of bone resorption
or periodontal pockets, obtained from systemically
healthy 12 patients, Group 2 (n=16) is inflamed gingiva
from patients with chronic periodontitis, Group 3 (n=16)
is inflamed gingiva from patients with chronic perio-
dontitis associated with HTN. Tissue samples were
prepared and analyzed by Western blotting. The
relative quantifications of XO and MDA were perfo-
rmed with a densitometer and the results were stati-
stically analyzed by one-way ANOVA followed by
Tukey test.

1. The expression levels of XO increased in order of
group 1, group 2 and group 3, and significantly
increased in group 3 as compared to group 1.
But there were no significant difference between
group 1 and group 2 and between group 2 and
group 3.

2. The expression levels of MDA increased in order
of group 1, group 2 and group 3. MDA expression
was significantly higher in group 2 than in group
1, and the quantitative analysis of MDA level was
significantly higher in group 3 than in group 1.
But although the MDA level increased in group 3
compared with group 2, there was no significant

difference between groups,

In conclusion, this study demonstrated that the ex-
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pression levels of XO and MDA might be inflammatory
and bone resorption marker in periodontal infla-
mmed tissue. It is assumed that hypertension may
be associated with the progression of periodontal

inflammation and alveolar bone resorption.
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