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Abstract

Significance

Our findings indicate that diabetesmay change the
antioxidant status, increase the concentration of
MDA and uric acid, and decrease albumin levels
in the serum. Apical periodontitis can potentiate
the effects of diabetes by reducing the levels of al-
bumin and increasing the levels of uric acid.
Introduction: In this study, we investigated if apical
periodontitis (AP) associated with diabetes influenced
the levels of endogenous antioxidants, the total antiox-
idant capacity (TAC), and the oxidant parameter in the
serum of Wistar rats. Methods: Forty male rats were
divided into 4 equal groups: normal rats (N), rats with
AP (AP), diabetic rats (D), and diabetic rats with AP
(D + AP). Diabetes was induced by alloxan (150 mg/
kg). AP was induced by exposing the pulpal tissue to
the oral environment. After 36 days, blood and maxillae
were collected. Albumin, bilirubin, uric acid, TAC, and
malondialdehyde (MDA) levels were measured, and his-
tologic analysis of the maxillae was performed. P < .05
was set as the threshold for statistical significance. Re-
sults: Uric acid levels were higher in the D + AP group
when compared with that of the N, D, and AP groups
(P < .05). The MDA concentration was higher in the D
and D + AP groups when compared with the N and
AP groups (P < .05). The level of albumin was lower
in the D + AP group when compared with the N, AP,
and D groups. Inflammatory infiltration was more
intense in the periapical region in the D + AP group
compared with that in the AP group (P < .05).
Conclusions: Our findings indicate that diabetes may
change the antioxidant status, increase the concentra-
tion of MDA and uric acid, and decrease albumin levels
in the serum. In addition, AP can potentiate the effects
of diabetes by reducing the levels of albumin and
increasing the levels of uric acid. (J Endod
2017;43:1651–1656)
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The bidirectional rela-
tionship betweendiabetes

and apical periodontitis
(AP) has been widely stud-
ied. Diabetes might influ-
ence the pathogenesis of
AP by increasing the num-
ber of inflammatory cells
(1) and contributing to

the expansion of lesions (1, 2). In addition, AP can potentiate the systemic effects of
diabetes by increasing the serum levels of triglycerides (3), creatinine (4), inflamma-
tory cells (1), and proinflammatory cytokines such as interleukin 17 (5) and
decreasing the glycemic control (2, 6). Considering that AP is an inflammatory
process that causes tissue destruction (7), it is important to find newer strategies to
decrease the inflammation. In this context, understanding the oxidative metabolism
of the body is essential to unravel the mechanisms involved in tissue damage caused
by diabetes as well as AP (8).

Oxidative stress occurs because of the deficiency of antioxidants or an increase in
the production of free radicals (9). It is well-known that diabetes increases the oxidative
stress, especially because hyperglycemia is directly related to the production of
advanced glycation end products as well as reactive oxygen species (10). In over-
whelming concentrations, reactive oxygen species can damage the cellular macromol-
ecules, causing destruction of membranes, loss of cellular homeostasis, and,
consequently, cell death (11). It may explain in part why AP is higher and more aggres-
sive in diabetics compared with normoglycemic rats (5). In addition, our hypothesis is
that the presence of APmay exacerbate oxidative stress systemically by increasing oxida-
tive stress parameters, as observed in periodontal disease (12). Although AP and peri-
odontal disease share important similarities with the microbial spectrum and the
inflammatory response (13), until now, there was no study available in the literature
relating the impact of AP on oxidative stress systemically. Thus, it would be interesting
to investigate if AP can potentiate the production of antioxidants and free radicals in
diabetic rats.

This understanding will also aid in the development of new therapies with an aim to
modulate oxidative stress (14, 15). These therapies might help reduce the symptoms
related to periapical lesions (16), periodontal disease (17), and diabetes (18, 19).
Therefore, the aim of this study was to evaluate if AP alters the oxidative stress
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parameters such as albumin, bilirubin, uric acid, the total antioxidant
capacity (TAC), and malondialdehyde (MDA) in normoglycemic and
diabetic rats.

Materials and Methods
Experimental Design

The study was approved by the Institutional Ethics Committee of
Universidade Estadual Paulista, S~ao Paulo, Brazil. Experiments were
conducted in accordance with the relevant guidelines. Forty male Wistar
rats (Rattus norvegicus albinus), 6 weeks old and weighing 200–
250 g, were used in this study. The animals were housed in a
mini-isolator for rats (Alesco, S~ao Paulo, Brazil) in temperature-
controlled rooms and were given ad libitum access to water and food.

Induction of Diabetes and AP
The Wistar rats were divided into 4 groups of 10 rats each: normal

(N), AP, diabetic (D), and diabetic with AP (D+ AP). The rats were then
administered anesthesia via intramuscular injections of ketamine
(87 mg/kg, Francotar; Virbac do Brazil Ind e Com Ltda, Roseira, S~ao
Paulo, Brazil) and xylazine (13 mg/kg, Rompum, Bayer AS, S~ao Paulo,
Brazil). The rats were randomly assigned to receive intramuscular in-
jections containing either citrate buffer solution (N and AP groups,
n= 20) or alloxan (D and D + AP groups, n= 20) dissolved in a citrate
buffer solution at 150mg/kg body weight for the experimental induction
of diabetes (day 0). After 6 days, all rats showed blood glucose levels
more than 250 mg/dL, which was the standard levels stablished for dia-
betic rats (1, 5, 6).

To induce AP (day 6), surgical round burs (Drill LN Long Neck;
Dentsply Ind e Com Ltda, Petr�opolis, Brazil) were used to expose the
pulp on the mesial surfaces of the right upper first molars to the oral
environment (AP and D + AP groups) (1, 3–5).

Blood Sample Collection
Thirty days after the induction of AP (day 36), the rats were anes-

thetized using a protocol described previously, and a cardiac puncture
was performed to collect 5 mL blood from each rat. The blood samples
were centrifuged to obtain plasma, which was stored at�20�C and pro-
tected from light. Quantification of albumin, bilirubin, uric acid, TAC,
and MDA was subsequently performed.

Histologic Analyses
After blood collection, the animals were killed with an overdose of

the anesthetic solution. Maxillae were removed, postfixed in neutral
buffered formalin for 48 hours, decalcified in buffered (pH = 8)
17% EDTA (Sigma-Aldrich, St Louis, MO), rinsed again in sterile water,
dehydrated in ethanol, cleared in xylene, and embedded in paraffin. Se-
rial slices (5-mm thickness) were prepared in themesiodistal plane and
stained with hematoxylin-eosin. The slices were examined sequentially
TABLE 1. Weight (g) and Blood Glucose (mg/dL) in Rats from All Groups (Mean

Groups

Weight (g) ± SD*

Day 0 Day 36

N 269.8 � 20.7a 410.0 � 31.1a

AP 268.1 � 23.6a 381.1 � 31.5a

D 273.5 � 11.7a 210.0 � 38.3b

D + AP 260.0 � 24.2a 211.4 � 30.5b

AP, apical periodontitis; D, diabetic; D + AP, diabetic with apical periodontitis; N, normal.

*Different letters in the columns indicate statistical differences, P < .05.
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under an optical microscope (DM4000 B; LeicaMicrosystems, Wetzlar,
Germany).

Analyses were performed by a single calibrated operator who was
blind to the specimen’s group affiliation. The inflammatory infiltrate was
evaluated for intensity and extension. The average number of cells per
field and the extension that went beyond either of the apical foramen
(AP groups) were considered. For each experimental group, the num-
ber of cells was calculated as the average of 10 separate areas (�400
magnification). The intensity of the inflammatory infiltrate was graded
as absent (0 to few inflammatory cells: score 1), mild (<25 cells: score
2), moderate (25–125 cells: score 3), and severe (>125 cells: score
4). The extension of the inflammatory infiltrate was graded as absent
(0 to few inflammatory cells: score 1), mild (cells occupying up to a
300-mm length: score 2), moderate (cells occupying up to a
600-mm length: score 3), and severe (cells occupying >a 600-mm
length: score 4).

For the AP and D+ AP groups, the area of the periapical lesion was
measured histometrically. For each rat, 5 serial histologic sections were
analyzed by an image processing system that consisted of a light micro-
scope (DM 4000 B, Leica), a color camera (DFC 500, Leica Microsys-
tems), a color image processor (Leica Qwin V3 software, Leica
Microsystems), and a personal computer (Intel Corel I5 [Intel, Santa
Clara, CA] with Windows 10 [Microsoft, Redmond, WA]).

Measurement of Oxidative Stress
All the biochemical tests were performed with the use of commer-

cial reagents (BioSystems, Barcelona, Spain) at 37�C in an automated
analyzer (BTS-370 Plus, BioSystems), which had been previously cali-
brated. The blood concentration of albumin was determined by the bro-
mocresol green assay, bilirubin by using diazotized sulfanilic acid, and
uric acid by the uricase/peroxidase enzymatic assay.

The serum level of TAC was quantified in an automated analyzer by
inhibiting 2.20-azino diethylbenzothiazoline sulfonic acid cation forma-
tion. TAC analyses were monitored with a standard antioxidant specific
for automation.

Blood lipid peroxidation was determined by quantifying the
plasma thiobarbituric acid reactive substances. Absorbance at
530 nm was measured in a plate reader (Spectra Count Reader; Pack-
ard BioScience, Meriden, CT) in accordance with the manufacturer’s
recommendations, starting with a standard commercial MDA solution
(500 mmol/L) and using a computer program (GraphPad Prism,
version 4; GraphPad Software, San Diego, CA). A curve for final concen-
trations of 0, 0.625, 1.25, 2.5, 5, 10, 25, and 50 nmol/mL MDA was
developed. Each point on the curve was obtained from the mean value
of 10 repetitions.

Statistical Analyses
The values obtained in parametric tests were tabulated and pre-

sented as the means observed in each group. Statistical differences be-
tween groups were determined by analysis of variance followed by the
and Standard Deviation [SD*])

Blood glucose (mg/dL) ± SD*

Day 0 Day 6 Day 36

73.7 � 9.8a 79.8 � 11.1a 95.0 � 7.3a

79.8 � 9.1a 82.8 � 9.0a 89.0 � 8.8a

73.5 � 12.3a 597.3 � 6.3b 586.0 � 21.0b

74.4 � 7.9a 555.4 � 51.9c 600.0 � 0.0b
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Tukey test for multiple comparisons. The histologic analysis scores
were analyzed using the Mann-Whitney U test (P < .05). All statistical
tests were performed using the software Pacotico (Visual FoxPro,
Microsoft).

Results
At the beginning of the experiment, the groups had a similar mean

body weight (P > .05). After 36 days, diabetic groups (D and D + AP)
presented with reduced body weight compared with the normoglycemic
groups (P < .05). Blood glucose examined on day 0 revealed normo-
glycemic condition at the beginning of the experiment in all groups.
Figure 1. Histologic findings 36 days after the induction of diabetes and 30 days afte
of inflammatory cell infiltrates in the N group. (C and D) Pulp necrosis, moderate ch
in the AP group. (E and F) The normal pulp, apical and periapical tissues seen in t
trations near the tooth apex region, and large bone resorption in the D + AP grou

JOE — Volume 43, Number 10, October 2017
After 6 days, the diabetic groups presented with a significant increase
of blood glucose (P < .05). On the last experimental day (day 36),
groups of diabetic rats (D and D + AP) were confirmed to be hypergly-
cemic (Table 1). The periapical regions in N or D rats did not show ev-
idence of inflammation (Fig. 1A–H). Diabetes alone was not found to
produce significant changes during the period studied. In the AP and
D + AP groups, the pulp showed total necrosis 30 days after exposure.
Periapical lesions were established, were restricted exclusively to the
periapical region, and showed characteristics of periapical granuloma
(Fig. 1). Rats in the AP group had obvious lesions that were composed
predominantly of a chronic inflammatory infiltrate graded as moderate,
r the induction of AP. (A and B) The pulp, apical, and periapical tissues are free
ronic inflammatory cell infiltration in the periapical region, and bone resorption
he D group. (G and H) Pulp necrosis, intense acute inflammatory cell concen-
p. Hematoxylin-eosin staining, �50 and �400 original magnification.
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TABLE 2. Scores, Median, Mean, and Standard Deviation (SD) of Histologic Findings in the Rats from All Groups

Histologic Parameters Scores

Groups

N AP D D + AP

Inflammatory infiltrate 1 10/10 0/10 10/10 0/10
2 0/10 1/10 0/10 0/10
3 0/10 7/10 0/10 3/10
4 0/10 2/10 0/10 7/10

Median* 1 3a 1 4b

Inflammation extent 1 10/10 0/10 10/10 0/10
2 0/10 3/10 0/10 0/10
3 0/10 5/10 0/10 2/10
4 0/10 2/10 0/10 8/10

Median* 1 3a 1 4b

Periapical lesions
(�10.000 mm2)

Mean � SD* 12.88 � 1.63a 75,4 � 11.8b 2.56 � 1.61a 93.6 � 16.4c

AP, apical periodontitis; D, diabetic; D + AP, diabetic with apical periodontitis; N, normal.

*Different letters on the line indicate statistical differences, P < .05.
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consisting primarily of neutrophils (polymorph nuclear cells) and
mononuclear cells (Fig. 1). Furthermore, cement and bone resorption
was observed in the AP and D + AP groups in the presence of dentin
(Fig. 1). Moreover, in the D + AP group, there was intense periapical
inflammatory infiltrates that were more severe than the AP group
(P < .05). Histometrically, the D + AP group exhibited the most signif-
icant periapical lesions (Table 2).

Antioxidant Parameters
The blood albumin concentration in rats in the diabetic groups (D

and D + AP) was lower than that in the normoglycemic groups (N and
AP) (P < .05). Moreover, the periapical lesion decreased the albumin
levels (P< .05). There was no statistically significant difference between
the diabetic and normoglycemic groups with respect to bilirubin
(P > .05) despite the slight decrease in the diabetic groups. The level
of uric acid was higher in the diabetic groups (D and D + AP) when
compared with that in the normoglycemic groups (N and AP)
(P < .05). Furthermore, among the diabetic groups, the group
D + AP had higher uric acid compared with group D (Table 3)
(P < .05). There was no statistically significant difference in TAC level
despite the slight increase in the D + AP group (P > .05). In diabetic
rats, there was an increase in the concentration of MDA regardless of
the presence of AP (P < .05).

Discussion
Wistar rats were selected for the study because of anatomic simi-

larity of their pulp and periapical tissues with humans. All the rats
showed similar weight and blood glucose levels at the beginning of
the study. Alloxan-induced diabetes in the animal model presented
with symptoms similar to those found in humans with diabetes, such
as weight loss, polydipsia, polyuria, and hyperglycemia (20). However,
TABLE 3. Endogenous Antioxidants (mg/dL), Total Antioxidant Capacity (TAC) (mm
Groups (Mean and Standard Deviation [SD])

Groups

Endogenous antioxidants (mg/dL) ± SD

Albumin Bilirubin

N 22.67 � 2.22a 0.15 � 0.05a 0.
AP 23.87 � 1.79a 0.13 � 0.06a 1.
D 19.93 � 2.62b 0.12 � 0.05a 2.
D + AP 17.86 � 2.05c 0.09 � 0.04a 3.

AP, apical periodontitis; D, diabetic; D + AP, diabetic with apical periodontitis; N, normal.

*Different letters on the column indicate statistical differences, P > .05.
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the present model has some limitations, including the fast development
of diabetes in young animals who did not receive any treatment. The re-
sults and observations of the present study should not be directly
compared with humans. On the other hand, it may be considered the
first step to obtaining evidence to study patients who may be receiving
treatment for glycemic control and with normal development of dia-
betes.

Diabetic rats (groups D and D + AP) showed a decrease in their
body weight during the experimental period, which was statistically sig-
nificant compared with normal rats (groups N and AP). This difference
in body weight is caused by the absence of insulin metabolism leading to
a catabolic state that causes severe depletion of energy stores and pro-
teins, particularly those found in the skeletal muscle (21). The changes
in body weight were observed in another study and even changes in or-
gans such as the liver, brain, heart, and gonads (22).

The diabetic rats had higher blood glucose levels when compared
with the normoglycemic rats, indicating that hyperglycemia persisted in
the diabetic rats. In addition, it was found that the presence of a single
periapical lesion did not influence the blood glucose levels in diabetic
rats during the 30 days of study. However, a previous study had shown
that AP influenced the glucose levels in diabetic rats when it was asso-
ciated with periodontal disease (6). It probably happened because the
mechanism in which chronic oral diseases alter metabolic control in
diabetic rats involves the activation of a proinflammatory pathway
(6). Thus, when AP was associated with periodontal disease in diabetic
rats, the inflammatory response, including activation of proinflamma-
tory pathways, might be higher when compared with AP alone.

Microscopic examination revealed no inflammation in the N and D
groups. Thus, the presence of diabetes did not induce inflammation of
the pulp and periapical tissues during the study period (36 days). How-
ever, in the groups with AP (AP and D + AP), an increase in the intensity
and extent of the inflammatory infiltrate was noted in the presence of
ol/L), and Malondialdehyde (MDA) (mmol/L) in the Serum of Rats from All the

TAC MDA

Uric acid (mmol/L) ± SD* (mmol/L) ± SD*

92 � 0.37a 0.82 � 0.06a 6.49 � 2.45a

25 � 0.86a 0.86 � 0.07a 5.08 � 2.67a

28 � 0.85b 0.87 � 0.09a 11.04 � 2.64b

36 � 0.94c 0.95 � 0.10a 11.86 � 4.34b

JOE — Volume 43, Number 10, October 2017
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diabetes. These findings are consistent with other studies that have eval-
uated pulpal infection associated with diabetes (1,2). Thus, our study
confirms that the progression of diabetes has an effect on oral tissue
inflammation.

Periapical lesions in the diabetic rats were higher and more
aggressive compared with that in normoglycemic rats (1, 5).
Diabetes exacerbates the process of oral tissue inflammation by
compromising tissue integrity. Increased aggressiveness of periapical
lesions in diabetics is caused by the hyperglycemic condition that
interferes with the function of macrophages, pulp blood circulation
(23), growth and differentiation of osteoblasts (24), bone homeostasis
(25), and increased bacterial load (26).

The level of albumin, an endogenous antioxidant, was decreased
in the diabetic rats (groups D and D + AP) when compared with the
normoglycemic rats (groups N and AP). The decrease in albumin levels
may be explained by the hyperglycemia caused by diabetes. Hyperglyce-
mia is responsible for triggering various events such as the formation of
advanced glycation end products, reactive oxygen species, activation of
protein kinase C, and growth factors that eventually lead to renal injury
(27). Renal injury because of hyperglycemia causes diabetic nephrop-
athy (28). The loss of albumin in urine, which leads to hypoalbumine-
mia, is used to assess the nutritional and/or inflammatory condition of a
patient with chronic kidney disease (29). Our results showed that AP
was able to alter the concentration of the albumin in the serum of dia-
betic rats after 30 days, suggesting that AP might potentiate the systemic
effects of diabetes. These effects, especially diabetic nephropathy, occur
rapidly in the rat model (30) and differ from the reality of the develop-
ment of diabetes in humans (19).

Serum levels of the antioxidant uric acid were significantly
higher in the diabetic rats (D and D + AP groups) compared with
the normoglycemic rats (N and AP groups). Diabetes leads to ne-
phropathy and subsequently chronic kidney disease, and uric acid
serves as a marker of chronic kidney disease (31). This explains
the hyperuricemia in diabetic rats. The increase in uric acid level
in the D + AP group compared with that in the D group also suggests
that AP potentiates diabetes.

Thus, AP not only decreased the endogenous antioxidant albumin
but also increased the antioxidant uric acid in diabetic rats. These re-
sults are very significant because it suggests that AP must be a concern
for diabetic individuals because it potentiated the effects of diabetes in
renal tissues, as observed through the alteration of albumin and uric
acid, which are important markers for chronic kidney disease. This
extreme situation of the animal model of diabetes has no direct trans-
lation to patients. Thus, further investigations should be performed,
especially in humans, to confirm the bidirectional relationship between
diabetes and AP on oxidative parameters.

Bilirubin and TAC levels were not significantly different among
the groups. There are no studies investigating the relationship be-
tween bilirubin and AP. However, a study that assessed the associa-
tion between bilirubin levels and periodontal disease has suggested
that bilirubin is involved in the inhibition of inflammatory pathways
during the development of periodontal disease (5). There are no
studies evaluating the association between blood TAC, AP, and dia-
betes. However, it has been reported previously that an increase in
TAC levels in the periapical tissues occurs in periapical periodontitis
(32). In addition, it has been observed that an increase in the serum
TAC levels occurs in the presence of periodontal disease (33) in the
absence of diabetes.

In this study, MDA was increased in the diabetic groups (D and
D + AP). Hyperglycemia might have induced the formation of free rad-
icals, including the hydroxyl radical that captured the hydrogen from the
plasma membrane’s lipids, thus promoting lipoperoxidation (34).
JOE — Volume 43, Number 10, October 2017
However, AP did not alter the MDA levels in the blood. However, studies
have shown an increase in the end products of lipid peroxidation in AP
tissue and their erythrocytes, revealing that AP can influence systemic
health (35).

The exposed findings are very important because they suggested
that the treatment and management of AP may improve the systemic
oxidative condition induced by diabetes. In addition, the results insti-
gate the development of future studies to confirm if the endodontic treat-
ment can reduce the oxidative stress in diabetic individuals.

Based on the findings of this study, it can be concluded that dia-
betes changed the antioxidant status by increasing the concentration
of MDA and uric acid and decreasing the serum levels of albumin. In
addition, AP associated with diabetes reduced the serum levels of albu-
min and increased the endogenous antioxidant uric acid, suggesting
that AP potentiates the systemic effects of diabetes.
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