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Diabetic Rats Present High
Mean Platelet Count in the
Presence of Oral Infections

Luciana Louzada Ferreira', Jodo Eduardo Gomes-Filho', Doris Hissako
Sumida?, Suely Regina Mogami Bonfim?3, Gustavo Sivieri-Araujo’, Gustav
Guimaraes'4, Luciano Tavares Angelo Cintra’

Platelet count is associated with inflammatory diseases like diabetes mellitus (DM), which
in turn, is related in a bidirectional manner with apical periodontitis and periodontal
disease. The aim of this study was to evaluate the effects of apical periodontitis and/or
periodontal disease on mean platelet count in a rat model of diabetes mellitus. Eighty
Wistar rats were randomly divided into 8 groups (n=10): control (C), apical periodontitis
(AP), periodontal disease (PD), apical periodontitis with periodontal disease (AP-PD),
diabetes mellitus (DM), diabetes mellitus with apical periodontitis (DM-AP), diabetes
mellitus with periodontal disease (DOM-PD) and diabetes mellitus with apical periodontitis
and periodontal disease (DOM-AP-PD). Rats were anesthetized and DM was induced with
a single dose of streptozotocin diluted in citrate buffer solution. After 6 days, the DM
was confirmed. The animals were sedated and apical periodontitis was induced by dental
exposure and periodontal disease was induced by periodontal ligature. After 30 days,
animals were anesthetized and the blood was collected by cardiac puncture. Samples were
processed and the mean platelet count was obtained. Data were tabulated and subjected
to statistical analysis (p<0.05). Diabetic rats had higher mean glycemic levels compared
with nondiabetic rats at 6 and 36 days after DM induction (p<0.05). The DM-PD and
DM-PD-AP groups showed increased mean platelet count compared to control and AP
groups (p<0.05). The periodontal disease alone or associated with apical periodontitis
influence mean platelet count in a rat model of diabetes mellitus.
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Introduction

Diabetes mellitus (DM) is a complex syndrome
characterized by chronic hyperglycemia responsible for
complications that affect vital organs (1). Platelets are
the smallest blood cells and sensitive indicators of health
disturbances (2). Platelet count is an indicator of platelet
activation, which shows a close relationship with diseases
prone to inflammation, such as DM and cardiovascular risk
factors (3). Platelets are hyperactive and produce more
thromboxane A2 in presence of DM (4). Some evidences
have shown that DM morbidity and mortality are associated
with coronary complications due to altered morphology
and dysfunction (4).

The increase in platelet count is correlated with
increased adhesiveness, aggregation and greater exposure
of glycoprotein receptor on platelet membrane and
increase in binding of fibrinogen, which could alter platelet
metabolism and inter signaling pathway (5). Studies showed
that platelet count is a predictor of insulin resistance in
patients with DM type 2 (6) and high mean platelet count
for diabetic individuals presents significant difference
compared to healthy individuals (7). However, a previous
study showed that platelet count in blood collection

of patients with DM type 2 was slightly lower than in
the control group (8), or did not present any statistical
difference (1), showing that the activation of platelets
in DM does not depend on glycemic control diabetes (8).

Itis also known that DM is associated with severe pulp
and periodontal infections (9-11). Several studies have
shown that localized inflammation in the oral cavity is
associated with high levels of systemic markers, focusing
on its relationship with periodontal disease (PD), DM
and cardiovascular diseases (9). A study with diabetic
rats showed that PD and apical periodontitis (AP) might
contribute to insulin signaling decrease resulting in
insulin resistance (12), especially due to the high levels of
pro-inflammatory cytokines (12). Endodontic infections
were reported to be more aggressive and destructive in
individuals with DM, due to its uncontrolled blood glucose
levels, resulting in poor healing (9).

A previous study evaluated the association of platelet
count and PD (13); however, to the best knowledge of the
authors, there are no studies evaluating the association
of DM, platelet count and oral infections. The aim of this
study was to evaluate the effects of apical periodontitis
and/or periodontal disease on mean platelet count in a rat



model of diabetes mellitus.

Material and Methods

The experimental protocol was approved by the
Institutional Ethics Committee of UNESP - Univ Estadual
Paulista (Process 00539) and was conducted in accordance
with relevant guidelines.

Experimental Animals and DM Induction

Eighty male Wistar rats (Rattus albinus albinus),
weighing 200-250 g were used in this study. The animals
were housed in temperature-controlled rooms with ad
libitum access to water and food.

After the animals fasted overnight (14-16 h), blood
samples were collected by the tail tip method and fasting
blood glucose concentrations were measured (day 0) by an
automatic blood glucose monitoring system (Accu-Check®
Performa; Roche-Diagnostics Corporation, Indianapolis,
IN, USA). The animals were then randomly divided in the
following 8 groups (n=10): control (C), apical periodontitis
(AP), periodontal disease (PD), apical periodontitis with
periodontal disease (AP-PD), diabetes mellitus (DM),
diabetes mellitus with apical periodontitis (DM-AP),
diabetes mellitus with periodontal disease (DM-PD) and
diabetes mellitus with apical periodontitis and periodontal
disease (DM-AP-PD). The anesthesia was administered by
intramuscular injection of ketamine (87 mg/kg, Francotar®;
Virbac do Brasil Ind e Com Ltda; Roseira, SP, Brazil) and
xylazine (13 mg/kg, Rompum®; Bayer SA, Sio Paulo,
SP, Brazil). The groups C, AP, PD and AP-PD received an
injection in the penile vein containing 0.01 mol/L citrate
buffer solution 4.5 pH, and the groups DM, DM-AP, DM-
PD and DM-AP-PD received an injection in the penile vein
containing streptozotocin (Sigma-
Aldrich Corp, St Louis, MO, USA)
dissolved in a citrate buffer solution
at 35 mg/kg for the experimental
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bur, Maillefer, Dentsply Ind e Com LTDA, Petrdpolis, Brazil)
in the groups AP, AP-PD, DM-AP, DM-AP-DP. The PD was
induced using sterile silk ligatures (Ethicon; Johnson and
Johnson, Sio Paulo, SP, Brazil) tied around the maxillary
left second molars in the groups PD, AP-PD, DM-PD, DM-
AP-PD (11). Thirty days after oral infections induction,
apical periodontitis and periodontal disease were confirmed
radiographically.

Collection of Blood Samples and Hematologic Analysis

After thirty days, the animals were anesthetized with
the same protocol and 5 mL of blood was collected by
cardiac puncture of each rat for analysis of the blood
glucose levels and platelet count (day 36). The samples were
placed in 10% EDTA (10 uL), centrifuged and immediately
transferred for processing to a technician who was blinded
to the groups and mean platelet levels were measured.
The analysis was performed with an automatic analyzer
(ABX Micros ABC Vet; Horiba ABX Diagnostics, Montpellier,
France). The results were subjected to analysis of variance
(ANOVA) and Tukey test (p<0.05).

Results

The results of blood glucose levels and platelet count
are in Table 1. Blood glucose was measured in all animals
before diabetic induction (day 0) and similar glycemic
levels were observed (p>0.05). On days 6 and 36, the
blood glucose levels were compared with the normal ones,
showing a statistical difference between nondiabetic (C)
and diabetic rats (DM) with major difference after 30 days
(99.8+12.9 and 304.5+43.9 respectively) (p<0.05). Higher
level of blood glucose was observed in presence of DM and
both oral infections (DM-AP-PD: 461.6+43.2).

Table 1. Mean and standard deviation (SD) of the blood glucose levels and platelet count of

) ) ) all groups
induction of diabetes (10).
. . . . Blood Glucose (mg/dL Platelet Count
Six days after diabetes induction " ]()*g/ ) lateet -
Groups (Mean + SD¥) (10°/L) (Mean+SD*)
(day 6), blood samples were collected
. 0 day 6 day 36 day 36 day
to determine blood glucose levels of
all animals. The animals with more C 80.1+06.12 103.9+11.72 99.8+12.92 29.3+8.12 10
than 200 mg/dL were used in the DM AP 81.8+11.0° 101.6+11.2*  102.2+17.32 29.543.6% 10
group. Once the hyperglycemia was PD 79.609.8°  1059:12.7%  100.8+10.5° 33.347.1% 10
confirmed, all animals were sedated
. . . . AP-PD 82.3+07.72 104.4+10.02  97.6+18.7° 33.8+7.2% 10
for the induction of oral infections.
DM 81.0+08.1  322.1236.6>  304.5+43.9" 32.7+4.2% 10
Induction of oral infections DM-AP 78.2410.5°  319.7+31.5>  299.1+39.8 32.943.6% 10
Toinduce the AP, surgical round
+Surg DM-PD 81.9+11.8? 320.2+43.1>  427.0+41.9" 38.6+3.1° 10
burs were used to expose the dental
DM-AP-PD 82.5+08.12  321.1+39.2°  461.6+43.2° 38.8+3.20 10

pulp on the mesial surface of right

maxillary first molars (LN Long Neck

*Different letters in the same column indicate statistically significant difference (p<0.05).
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Platelet count was performed once, in all animals,
after 36 days from the start of experiment (Fig. 1). The
mean platelet counts of diabetic rats with periodontal
disease (DM-PD: 38.6+3.1) and of diabetic rats with both
periodontal and pulp disease (DM-AP-DP: 38.8+3.2) results
were significantly higher than control rats (C: 29.3+8.1) and
nondiabetic rats with pulp infection (AP: 29.5+3.6) (p<0.05).

The nondiabetic rats had an increase of the platelet
count in animals with periodontal disease (PD; 33.3+7.1)
and with both oral infections (AP-PD: 33.8+7.2) compared
to animals without infection (C: 29.3+8.1) or with pulp
disease (AP: 29.5+3.6), but no statistical difference was
observed (p>0.05).

Discussion

This is the first study to assess the mean platelet
count associated with diabetes, apical periodontitis
and periodontal disease. The animals of this study were
normoglycemic before induction, had uniform body
weight and did not have glycosuria. DM was induced with
streptozotocin, considered a safe drug used in clinical trials
with a high rate of success in induction (9). The metabolism
of these diabetic rats is similar to that of human diabetic
patients (10,11). With regards to the induction methods
of periodontal disease and pulp exposure to induce apical
periodontitis, both are widely used in animal studies
(10,11,14,15). In the present study, periapical lesions and
periodontal disease were confirmed radiographically in all
experimental groups after 36 days.

The blood analysis is frequently used to evaluate the
presence of an infection or inflammation, allowing the
determination of when the periodontal disease affects the
hematological parameters (10,11). Recent studies showed
the differences in hematologic parameters of normal
rats compared to diabetic rats in the presence or not of
AP and/or PD (10,11) and in multiple foci of the apical
periodontitis (14). This study compared nondiabetic and
diabetic groups, both with or without pulp and periodontal
disease. The mean blood glucose levels of diabetic rats
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Figure 1. Distribution of mean platelet count (x10°/L) according to
the different groups.
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was approximately threefold higher than the nondiabetic
(p<0.05). In addition, the presence of oral infections
increased blood glucose concentrations in diabetic rats
and the results agree with previous studies (10,11,14,15).

Studies offer evidence of enhanced activation or
increased platelet activity in patients with DM (1,4-8,16).
Hyperglycemia may improve the platelet reactivity, inducing
non-enzymatic glycation proteins on the platelet surface,
due to the osmotic effect and protein activation (4). In
recent studies, the diabetic group showed a higher mean
platelet count compared to the nondiabetic group (1,7). In
addition, the conducted study showed that the DM-PD and
DM-AP-PD groups had higher mean values of platelet count
with statistical difference compared to C and AP groups.

This difference might be due to the presence of
periodontal disease, which is well known to elevate the
blood glucose levels, as shown by the present results and
in the literature (9,10,17,18). Hence, the platelet count
may be dependent on several variables, as the mean of
platelet survival, the platelet production rate and the
turnover rate in DM (16). Prevalence of periodontal disease
among patients with DM is higher than in the general
population (17). It is an interrelationship, well established
through a number of pathways and bidirectional (19). A
study showed that loss of periodontal attachment and
bone loss were higher in individuals with DM compared
to nondiabetics (20).

Despite the periodontal disease, which causes a localized
inflammation, there is the apical periodontitis, which is
considered a health problem that requires more studies
(21). A study confirmed the association between AP and
DM, showing that in nondiabetic animals, AP was able to
cause alterations in insulin signaling and sensitivity (12); it
was also observed in animals with more than one AP (14).
The prevention of oral inflammatory diseases may prevent
insulin resistance. However, the influence of blood glucose
control on platelet count requires to be more investigated,
especially in the presence of oral infections.

Anotherstudy revealed that lipid levels could influence
the platelet counts (2) and other study observed that both
PD and AP increase triglycerides levels in diabetic rats (15).
This observation confirms that systemic health isinfluenced
by endodontic infections when associated with PD or in
multiple foci (14).

The present study evaluated the platelet count between
healthy (C) and diabetic (DM) animals, observing that DM
along oral infections alters the platelet parameters. Most
researches that analyzed platelet count were conducted
in human beings (1,2,6,7), however the animal model
might be advantageous, because it may be standardized
to characterize several biological phenomena. The main
function of platelets is the hemostasis, but they also play a



role in inflammatory processes, and their numbers increase
in chronic inflammation (22), like periodontal disease and
diabetes, which was also observed in the present study.
Patients with systemic diseases, like hematological disorders,
are prone to present bone loss similar to PD, which should be
differentiated by assessing hematological parameters (23).

It is well known that platelets secrete and express
a large number of crucial substances, like mediators of
coagulation, inflammation, thrombosis and atherosclerosis
(24). Patients with DM have an increased platelet activation
compared to nondiabetics (25) and platelets with altered
morphology are frequently associated with an increase of
vascular complications in diabetic individuals (25).

In view of this important relationship between chronic
infection and platelet count, more studies involving
DM, PD and AP are required to better understand this
interrelationship and how it affect the platelets.

Based on this study, the authors found that the
periodontal disease alone or associated with apical
periodontitis influences mean platelet countin a rat model
of diabetes mellitus.

Resumo

A contagem de plaquetas estd associada a doencas inflamatdrias como
a diabetes mellitus (DM), que, por sua vez, esta relacionada de forma
bidirecional com periodontite apical e com a doenca periodontal. O objetivo
deste estudo foi avaliar os efeitos da periodontite apical efou da doenca
periodontal na contagem de plaquetas utilizando o modelo de rato para
DM. Oitenta ratos Wistar foram divididos aleatoriamente em 8 grupos
(n=10): controle (C), periodontite apical (AP), doenca periodontal (PD),
periodontite apical com doenga periodontal (AP-PD), diabetes mellitus
(DM), diabetes mellitus com periodontite apical (DM-AP), diabetes mellitus
com doenga periodontal (DM-PD) e diabetes mellitus com periodontite
apical e doenca periodontal (DM-AP-PD). Os ratos foram anestesiados
e a DM foi induzida com uma dose Unica de estreptozotocina diluida na
solucdo tampdo citrato. Apos 6 dias, o DM foi confirmada. Os animais foram
sedados e a periodontite apical foi induzida pela exposi¢do dentaria e a
doenca periodontal foi induzida por ligadura periodontal. Apés 30 dias, os
animais foram anestesiados e o sangue foi coletado por puncéo cardiaca. As
amostras foram processadas e a contagem média de plaquetas foi obtida.
0Os dados foram tabulados e submetidos a andlise estatistica (p <0,05). Os
ratos diabéticos apresentaram niveis glicémicos médios mais elevados em
comparagdo com ratos ndo diabéticos aos 6 e 36 dias apos a inducdo da DM
(p <0,05). Os grupos DM-PD e DM-PD-AP mostraram aumento da contagem
média de plaquetas em comparagdo com os grupos controle e AP (p <0,05).
A doenca periodontal isolada ou associada a periodontite apical influencia
na contagem de plaquetas em modelo de rato para diabetes mellitus.
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