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Abstract

Introduction: An increased production of oxidizing species related to reactive oral diseases, such
as chronic apical periodontitis, could have systemic implications such as an increase in cardio-
vascular morbidity.

Based on this consideration, we conducted a prospective study to assess whether subjects affected
by chronic periodontitis presented with higher values of oxidative stress than reference values
before endodontic treatment, and whether endodontic treatment can reduce the oxidative im-
balance and bring it back to normal in these subjects.

Materials and methods: The authors recruited 2 groups of patients from private studies and
dental clinics: these patients were recruited randomly. The oxidative balance in both patients with
chronic apical periodontitis (CAP) and healthy control patients was determined by measuring the
oxidant status, using an identification of the reactive oxygen metabolites (d-ROMs) test, while the
antioxidant status in these patients was determined using a biological antioxidant potential (BAP)
test. Both these tests were carried on plasma samples taken from enrolled patients. Values were
measured both before the endodontic treatment of the patients with chronic apical periodontitis,
and 30 and 90 days after treatment, and compared to those obtained from healthy control patients.

Results: It was found that, on recruitment, the patients with chronic apical periodontitis exhibited
significantly higher levels of oxidative stress than control patients, as determined by the d-ROMs
and BAP tests. Furthermore, the d-ROMs test values were shown to decrease and the BAP test
values to increase over time in patients with chronic apical periodontitis following endodontic
therapy. As the levels of oxidative stress in these patients tended to reduce and return to normal
by 90 days following treatment.

Conclusions: This study has demonstrated a positive association between chronic apical peri-
odontitis and oxidative stress. Subjects affected by chronic apical periodontitis are exposed to a
condition of oxidative stress, which is extremely dangerous to general health. Moreover, one can
infer from these findings that through proper endodontic therapy, a good oxidative balance can be
restored, thereby avoiding the risk of contracting the abovementioned diseases.
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Introduction

Reactive chemical species (RCS) are highly reac-
tive molecules, atoms, or ions that are the intermedi-
ates of physiological reactions involved in controlling
important vital processes. At the structural level, RCS
can be distinguished between reactive oxygen species
(ROS), such as superoxide anion, hydroxyl radical,
singlet oxygen, and hydrogen peroxide; reactive ni-
trogen species (RNS); reactive carbonyl species, and
reactive chlorine species. Once they are produced,
ROS are able to trigger propagation reactions in which
radicals react with other organic molecules and cause
addition, rearrangement, fragmentation, or transfer
reactions ! that can result in oxidative damage. Since
ROS are potentially harmful, the body has developed
antioxidant defense mechanisms that include several
enzymatic and non-enzymatic systems. These include
the peroxidase system; proteins such as lactoferrin,
ferritin, superoxide dismutases, albumin, and cerulo-
plasmin; vitamins A, E, and C; ubiquinone; lipoic ac-
id; flavonoids; thiols; and uric acid 2. Antioxidant de-
fense systems, along with other mechanisms such as
inactivation, repair, and removal, act to reduce oxida-
tive stress and protect against oxidative damage.

Increases in ROS concentration can be observed
not only in response to physiological conditions, but
also as a result of infections and pathological condi-
tions. The oxidative damage that can result from
higher ROS concentrations can affect any physiologi-
cal structural element, including carbohydrates, li-
pids, and amino acids; however, it is unclear to what
extent ROS are the cause or effect of the disease under
consideration. Indeed, the relation between patho-
logical or physiopathological conditions and oxida-
tive stress is difficult to diagnose, because the latter
does not produce specific clinical features 34. Despite
this, an association was first noticed in the 1950s,
when the occurrence of a severe form of cataract that
causes blindness, Retrolental Fibroplasia, was found to
be correlated with the administration of oxygen at
higher partial pressures than those existing in the
atmosphere immediately following birth. This hy-
perbaric therapy was subsequently proven to impact
the production of ROS, resulting in the clouding of the
crystalline lens in newborns 34 Oxidative stress has
since been correlated with several pathological or
physiopathological conditions, including type 2 dia-
betes mellitus 34, senescence > 6, cardiovascular dis-
ease 711, cancer >4, pulmonary disease 1> 16, and
hepatopathies 15> 6. However, to date, no study has
investigated the link between oxidative stress and
diseases of endodontic origin.

As there is an exact balance between the pro-
duction and elimination of ROS in the oral cavity, an
increase in the production and/or a reduction in the

elimination of ROS could increase the risk of oral
diseases. Furthermore, an increased production of
oxidizing species related to reactive oral diseases such
as chronic apical periodontitis could have systemic
implications such as an increase in cardiovascular
morbidity. Indeed, many bacterial species may par-
ticipate in the pathogenesis of endodontic diseases: in
addition to the bacteria that are usually detected in
chronic apical periodontitis, frequently, radicular
dentin of teeth with periodontitis can be also invaded
by putative periodontal pathogens, such as Prevotella
intermedia, Phorphyromonas gingivalis, Fusobacterium
nucleatum, Bacteroides forsythus, Peptostreptococcus mi-
cros, and Streptococcus intermedius'?. The increase of
inflammatory processes mediated by these pathogens,
together with the recruitment of leukocytes by chem-
otaxis, create an oxidative attack directly dependent
on the intensity of the infections.

The ROS are undoubtedly one of the most effec-
tive pathogenic mechanisms in all those bacterial pa-
thologies which lead to bone resorption 1° and several
scientifical evidences show how the oxidative killing,
carried out from neutrophils against pathogenic bac-
teria, is frequently the first stage of bone damage; es-
pecially in some dental pathologies, such as the acute
apical periodontitis (AAP), the neutrophils obtained
from peripheral blood of AAP subjects shown in-
creased production of hydrogen peroxide and super-
oxide anion, which is instead normalized after surgi-
cal treatment 20,

Based on these considerations, we have con-
ducted a prospective study to assess whether subjects
affected by chronic periodontitis presented with
higher values of oxidative stress than reference values
before endodontic treatment, and whether endodontic
treatment can reduce the oxidative balance and bring
it back to normal in these subjects. Our study is the
first to be carried out on plasma samples, in order to
assess the potential systemic implications arising from
the oxidative stress condition which might result from
an untreated endodontic pathology.

Some studies have already addressed the corre-
lation between inflammatory conditions, acute or
chronic, which may affect the periodontium or the
dental pulp, and the related changes in biomarkers
found in crevicular fluid; moreover, some studies
have clearly shown that crevicular transudate does
not have a cellular, proteic and enzymatic component
comparable to that which is identifiable in circulating
plasma.

It's clear that our study, analyzing the hypothet-
ical correlation between a chronic apical periodontitis
and an imbalance of the systemic oxidative stress, it
leads to reconsider the endodontic pathology with a
different attention.
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Materials and Methods
Study Participants

The authors recruited 2 groups of patients from
private studies and dental clinics: these patients were
recruited randomly, were informed regarding the
study and they have signed an informed consent. The
study was conducted in compliance with the "Ethical
principles for medical research involving human
subjects" of Helsinki Declaration. The University Re-
search Ethics Committee (U.R.E.C.) has revised and
finally approved this study. The study was conducted
in accordance with Italian laws and regulations.

“Group 1”7 was formed by 33 patients (21 men
and 12 women) between 30 and 68 years of age with a
diagnosis of chronic apical periodontitis (CAP) of
only one tooth; the diagnosis was carried out in ac-
cordance with what has been described previously by
Gutmann?'. Exclusion criteria: the authors excluded
from this study all patients subjected to any potential
treatment or condition that could alter the results,
such as anti-inflammatory or antibiotic administration
in the 3 months before recruitment, smoking habit,
obesity, systemic inflammatory of metabolic diseases
and poor oral hygiene. The teeth affected with CAP
were all bi/multi rooted. All of these patients pre-
sented with a single lesion with a radiographic diam-
eter of 2 cm or less that did not affect anatomical
structures such as the maxillary sinus or the inferior
alveolar nerve. “Group 2” included 103 patients (58
men and 45 women) between 30 and 68 years of age
who had no signs of chronic apical periodontitis 2!
and were healthy. Patients were excluded from this
study if there was no healing of chronic periodontitis.
Informed consent was received from all study partic-
ipants. Parameters for healing of CAP were defined in
accordance with what has been described previously
by Gutmann et al. (2009) 21.

Assessment of Oxidative Stress

Oxidative stress assessment was performed by
means of an integrated analytical system composed of
a photometer and a mini-centrifuge (FRAS4, H&D
s.r.l, Parma, Italy). Samples of whole capillary blood
were centrifuged, immediately after being harvested
by finger puncture, at 6000 x g for 5 min and 10 pL of
plasma tested for total oxidant capacity (using a
d-ROMs test kit) and BAP as iron-reducing activity
(using a BAP test kit) (Diacron International s.r..,
Grosseto, Italy). The d-ROMs test is based on the
ability of a plasma sample to oxidize the
N,N-diethylparaphenilendiamine (colorless) to its
radical cation (red); the reaction is monitored photo-
metrically at 37°C at 505 nm, and the results are ex-
pressed as Carratelli Units (CARR U, AAbs5050

nm/min). The normal values of a d-ROMs test range
between 250 and 300 CARR U. The BAP test is based
on the ability of a plasma sample to reduce the iron of
a colored complex containing ferric ions to its color-
less ferrous derivative; the reaction is monitored
photometrically at 37°C at 505 nm, and the results are
expressed in pmol/L of reduced iron using ascorbic
acid as a standard. The normal value of a BAP test is
>2200 pM. To maintain consistency, the same set of
kits was used for all tests, and all tests were carried
out by the same operator using the same machine. The
analytical instrumentation was also calibrated before
the analytical seat with serum standards with known
d-ROMs and BAP values.

Timeline

The diagnosis and treatment plan was estab-
lished for “Group 1” patients at Time (To). A sample
of capillary blood was also taken from each partici-
pant at To, including the control patients recruited in
“Group 2”; determination of reactive oxygen metabo-
lites (d-ROMs) tests to assess the oxidant status and
biological antioxidant potential (BAP) tests to assess
the antioxidant status in these patients were per-
formed in both the groups. The endodontic treatment
of patients in “Group 1” was performed convention-
ally 7 days later (T1). All “Group 1” patients were then
called back for clinical and radiographic evaluation 30
days after the completion of the endodontic therapy
(T2). BAP tests and d-ROMs tests on samples taken
from both these groups. Finally, a clinical and radio-
graphic evaluation of the endodontic lesions of pa-
tients recruited in “Group 1” was carried out conven-
tionally 60 days after T> (Ts3), and BAP tests and
d-ROMs tests were again carried out on samples
taken from all patients. All the subjects involved in
our study have reached the measurements at 30 and
90 days.

A statistical package software (Statistical
Package for Social Sciences SPSS® version 20.0) was
used for the analysis. All the data were expressed as
mean value = SD. Statistical significance between
comparable data was calculated by means of Student's
t-test and ANOVA Test. Values less than 0.05 were
considered as statistically significant.

Results

Our results showed that patients affected by
chronic apical periodontitis presented higher levels of
systemic oxidative stress than the general population.
On recruitment, the mean value of the d-ROMs test
was 458 £36, while the mean value of the BAP test was
1790 £ 64 in patients inside the “Group 1”. Converse-
ly, the values of patients in “Group 2” were normal,

http://www.medsci.org



Int. J. Med. Sci. 2014, Vol. ||

4

with values of 261 + 10 for the d-ROMs test and 2227 +
55 for the BAP test.

After endodontic treatment of chronic apical
periodontitis, the levels of oxidative stress were gen-
erally found to have progressively returned to normal
in the “Group 1” subjects. Indeed, the first follow-up
visit at 30 days after treatment (T>) revealed an aver-
age reduction in the value of the d-ROM test of 25%
and an average increase in the value of the BAP test of
11%. Conversely, the values of the subjects in “Group
2” remained nearly constant with a To-T> d-ROMs test
variation of 4% and a To-T> BAP test variation of 5%.

The second follow-up visit at 90 days (T3) re-
vealed a further average increase in the BAP test value
of 20% and a further average reduction in the d-ROM

Table I. Analysis of chronic apical periodontitis group (Group 1).

test value of 26 %, whereas the values of the subjects in
“Group 2” remained nearly constant with a To-T3
d-ROMs test variation of 10% and a To-Ts BAP test
variation of 4%. (Table 1-2).

The purpose of the statistical analysis between
the values observed in Group 1 and those observed in
Group 2 is aimed at assess whether the difference of
the absolute values between a group "Test" and a
group "Control" is also statistically relevant, although
the parameters on the basis of which both groups
must be analyzed are already known, thanks to the
standardized method that we have used; in fact, the
normal values of d-ROMs test range between 250 and
300 CARR U, instead, the normal value of a BAP test
is> 2200 uM.

Group 1 BAP Test (pM /L) d-ROMs Test (U CARR)

To T2 Ts To-T> To-T3 TO T T3 To-T> To-Ts

variation variation variation variation

mean 1790464 | 1847465 | 2365+110 | 11% 20% 458+36 | 311430 | 274+14 25% 26%
F n.d. n.d. n.d. 144,0542 679,6816 n.d. n.d. n.d. 275,2317 555,9293
Crit. F n.d. n.d. n.d. 3,88745 3,88745 n.d. n.d. n.d. 3,88745 3,88745
Table 2. Analysis of healthy group (Group 2).
Group 2 BAP Test (nM /L) d-ROMs Test (U CARR)

To T2 Ts To-T2 To-T3 TO T2 Ts To-T2 To-Ts

variation variation variation | variation

mean 2227455 2269+73 | 2258166 5% 4% 26110 273420 | 275420 | 4% 10%
F n.d. n.d. n.d. 412 1,03 n.d. n.d. n.d. 0,19 0,00
Crit. F n.d. n.d. n.d. 3,89 3,89 n.d. n.d. n.d. 3,89 3,89

As is shown in Table 3, the data of BAP at Ty and
at T, are statistically significant (P <0.05), however,
other data, compared with the Student 's t-test, show a
lack of statistical significance: this is not surprising, in
fact the data measured at time Toexpress parameters
altered, due to the influence of the CAP, with respect
to Group 2, where instead the parameters are more in
conformity to the standards of normality; in addition,
a significance is present in the comparison between
the values measured at time T> in the two groups, and
this is explained by the fact that the chronic apical
periodontitis, even if it is treated with an endodontic
therapy, it leads to having in the following days the
typical reparative processes which lead to the activa-
tion of biochemical processes that could justify such a
difference in the values recorded between the two
groups. The results, therefore, are indicative of an
effective influence of the endodontic pathology
chronic on the levels of systemic oxidative stress in
untreated patients and in those treated, up to 30 days
after endodontic therapy.

Table 3. Comparisons between CAP group (Group I) and
Control group (Group 2).

Group 1 vs. Group 2 | Timing Significance P value
BAP Test (pM /L) | To Yes 0,035
T2 Yes 0,048
Ts No 0.492
d-ROMs Test (U To No 0.157
CARR) T2 No 0.112
Ts No 0.971

TO= before endodontic treatment;

T2= 30 days after endodontic treatment;

T3= 90 days after endodontic treatment.

Biological antioxidant test (BAP) test n.v. >2200 uM of reduced iron for L plasma
examined.

Determination of reactive oxygen metabolites (d-ROMs) test n.v. 250- 300 U CARR.
F is the variation between mean values. The higher is F, the more significant is the
difference between mean values. Critical F value is statistically significant if p<0,05;
therefore, if F is higher than critical F, the difference is statistically significant. In
other words, critical FR value tells us that F needs to be higher than critical F to be
significant at the 0,05%.
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Discussion

Systemic oxidative stress has been correlated
with several pathological or physiopathological con-
ditions such as type 2 diabetes mellitus, aging, cardi-
ovascular diseases, cancer, pulmonary diseases, and
hepatopathies. For instance, in type 2 diabetes melli-
tus, ROS have been shown to be able to impair the
action of insulin, thereby contributing to increased
glycemia. Compounding this effect, insulin resistance
and hyperglycemia have also been shown to lead to
both an increased production of ROS and a reduction
in antioxidant defenses. ROS have also been found to
be important in the pathogenesis of the complications
of diabetes, such as neuropathy, cardiovascular dis-
eases, and the impairment of microbicidal activity 3+
In addition to a role in the pathogenesis of diabetes,
ROS production has also been correlated with factors,
such as overweight, caloric excess, and inadequate
physical activity, which contribute to aging. Indeed,
these factors increase mitochondrial free radical pro-
duction and reduce the efficiency of antioxidant sys-
tems, which in turn increases the morbidity of cardi-
ovascular diseases and neoplasias > ¢. Not surpris-
ingly, ROS also play a role in cardiovascular diseases.
In most cases, these diseases are caused by athero-
sclerosis, the pathogenesis of which is mainly related
to the oxidation of low density lipoproteins (LDL) by
free radicals. ROS also cause ischemia-reperfusion
injury through the activation of xanthine oxidase 7.
In cancer, ROS play a crucial role, especially in tumors
caused by ionizing radiations, where they cause pho-
tolysis of water and produce the hydroxyl radical. As
the hydroxyl radical is able to break DNA filaments or
oxidize bases, the ensuing mutagenic effect can pro-
mote neoplastic transformation 21420, Over the last
few years, many studies have also highlighted the role
of ROS in the pathogenesis of several airway diseases,
such as the effects of smoking, chronic injuries (pul-
monary emphysema, interstitial fibrosis), and acute
manifestations (adult respiratory distress syndrome)
1516, Finally, ROS have also been implicated in
hepatopathies. In particular, enzymatic systems re-
sponsible for the metabolism of ethanol and xenobi-
otics are present in the liver, while microsomes are
directly responsible for the production of ROS. The
imbalance between pro-oxidant and anti-oxidant sta-
tus is considered to be responsible for the cellular
damage that can be observed in alcoholic or drug in-
duced hepatopathies 3 4.

Despite the association of ROS with such a wide
variety of pathologies, thus far, few studies have in-
vestigated the relationship between diseases of en-
dodontic origin and oxidative stress. The present
study has therefore examined the relationship be-
tween chronic apical periodontitis and systemic oxi-

dative stress. Our results demonstrate that subjects
affected by chronic apical periodontitis are exposed to
a condition of higher general oxidative stress com-
pared to general population, and this is extremely
dangerous for the general health: the condition of
oxidative stress shows its primary action near the site
where it is present the pathogenic noxa, in fact, the
studies conducted so far have evaluated exclusively
the changes found in crevicular fluid of patients in-
vestigated; however, an influence of chronic endo-
dontic disease on the levels of systemic oxidative
stress can be a significant contributing cause in the
pathogenesis of some serious systemic diseases, going
on increasing thus the risk factor of patients with
CAP, compared to the general population. Moreover,
an additional potential problem, which could arise
from the increase in systemic oxidative stress in pa-
tients with CAP, is the acceleration of clinical onset of
certain diseases that would otherwise have a
sub-clinical course longer, with less damage to the
patient and, therefore, also with minor impact on
public health spending.

Minczykowski et al. (2001) investigate changes
in superoxide anion and hydrogen peroxide produc-
tion by polymorphonuclear neutrophils (PMN) in
patients with chronic periapical granuloma before
and after surgical treatment; if, on the one hand, our
study shows that the reduction of oxidative stress,
evidenced by the change of the values obtained by
d-ROMs and BAP tests, is clearly evident 30 days after
endodontic treatment, confirming our observations,
and Minczykowski collaborators have observed that
already 14 days after the removing the cause of in-
flammation, which in this case was done by the ex-
traction of the carious tooth, one could observe that
O2-production by unstimulated cells was higher than
the controls and lower in comparison to PMNs taken
before treatment, in addition, H202 production was
not higher when compared to controls and signifi-
cantly lower in comparison with PMNs taken before
tooth extraction ?. The presence of chronic apical
periodontitis leads, if untreated, damages that cause
the loss of periodontal supporting tissue 2: this de-
structive activity is also expressed in the absence of
symptomatology, and in support of this, it is possible
to highlight the presence of inflammatory mediators,
metalloproteinases in gingival crevicular fluid of teeth
affected by with CAP.

In a recent study, Dezerega et al. (2012) have
studied the activity of metalloproteinase 2 and met-
alloproteinase 9, which have shown an increased ac-
tivity during the state of periapical inflammation;
moreover, the gingival crevicular fluid showed lower
levels of total antioxidant status in diseased teeth at
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baseline
groups?2.

Despite in literature there are really few studies
who have investigated about this topic, the majority
of these studies have achieved out results in line with
the present study, therefore, the presence of oxidant
imbalance in the patients affected by chronic apical
periodontitis, whereas it's quite clear as the endodon-
tic treatment restores antioxidant status to its normal
levels. Our study has, therefore, confirmed an associ-
ation between CAP and oxidative stress, and it has
also demonstrated, with biological data, that a cohort
of patients with CAP undergoes a significant incre-
ment of systemic oxidative stress: in the light of the
many studies in which has been shown that the oxi-
dative stress plays a role in the pathogenesis of many
diseases, and in light of the fact that we have shown
that even a simple CAP is able to elevate the levels of
systemic oxidative stress, the new question to be in-
vestigated is: how much the co-presence of endodon-
tic diseases can increase the risk parameters of an
healthy person to develop systemic diseases? Moreo-
ver, the presence of diseases correlated to the in-
creased levels of oxidative stress, might have a more
aggressive development, as a result of untreated or
undetected CAP? Surely, this study induces new
questions that lead to reflect about the role of a proper
diagnosis carried out by the dentist, which becomes
an important opportunity of prevention.

Further studies are needed to confirm these
suggestive hypotheses, as well as it's already unclear
the biochemical pathway which clearly explains how
this physiological mechanism works.

In conclusion, our study, as well as other studies
in the literature, underlines the correspondence be-
tween CAP and oxidative stress, so it is important to
analyze the values of this parameter to limit the
damage that the periodontal tissues may undergo,
even in the absence of symptoms. Moreover, one can
infer from these findings that through proper endo-
dontic therapy, a good oxidative balance can be re-
stored, thereby avoiding the risk of having a chronic
focus, able to cause damages with potentially gener-
alized consequences.

compared to endodontically-treated
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