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Abstract: Uncontrolled or poorly controlled diabetes
mellitus may be a risk factor for the development of
oral complications. The objective of this investigation
was to determine the effect of diabetes mellitus
progression on inflammatory and structural
components of dental pulp. Male Wistar rats were
given a single injection of Streptozotocin (STZ), and
induction of diabetes was confirmed 24 h later. Dental
pulp tissue samples were taken from central incisors
and molars of diabetic rats 30 and 90 days after the STZ
treatment. Plasma glucose levels in diabetic rats 30
and 90 days after STZ treatment were significantly
increased when compared to control rats (P < 0.001).
Nitrite and kallikrein levels in dental pulp tissue were
higher in diabetic rats 30 days after STZ treatment than
in controls, while only nitrite were decreased 90 after
of STZ treatment. Myeloperoxidase activity showed
changes 30 and 90 days after STZ injection when
compared to controls. The activity of alkaline
phosphatase showed significant changes 30 and 90
days after STZ treatment. On the other hand the
concentration of collagen was decreased in diabetic
rats 30 and 90 days after STZ injection. These results
suggest that diabetes is a critical factor that has
profound effects upon oral tissues, resulting in
express ion  of  inf lammatory  mediators  and
modifications of structural components of dental pulp.
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Introduction
Diabetes mellitus (DM) is a complex multisystemic

disorder characterized by a relative or absolute insufficiency
of insulin secretion or resistance to the metabolic action
of insulin on target tissues (1). The metabolic consequence
of the disease is hyperglycemia with widespread
complications and damage, in particular, microvascular
disease (microangiopathy), macrovascular disease
(macroangiopathy) with accelerated arteriosclerosis,
neuropathy involving neuromuscular dysfunction and
decreased resistance to infection (2). In uncontrolled or
poorly controlled diabetic the inflammatory reaction is more
acute because of vascular leakage and cell dehiscence.
Long-standing diabetes has been demonstrated to result
in angiopathy and thickened basement membrane in dental
pulp vessels (3). Studies of rats with streptozotocin-induced
diabetes have been revealed a marked reduction in plasma
blood flow in dental pulp (4). It has been shown that
increased blood glucose levels lead to the development of
thickened basement membranes in blood vessels,
particulary capillaries. Animal models of uncontrolled
diabetes mellitus show periapical and periodontal lesions
(5,6). Although several studies have investigated the effects
of diabetes on dental pulp, the effects of short and long-
standing diabetes on dental pulp components such as
nitrites, kallikrein, alkaline phosphatase, myeloperoxidase
and collagen are still unclear. The objective of the present
investigation, therefore, was to determine whether diabetes
resulted in pulpal inflammation and over-production or
unbalanced production of chemical mediators.
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Materials and Methods
Experiments were carried out on male Wistar rats (200-

250 g) that had free access to water and regular chow. The
protocol of this study was approved by the Institutional
Committee of Medical School of USAL. Diabetes was
induced by a single intravenous injection of Streptozotocin
(STZ) at 60 mg/kg body wt. dissolved in citrate buffer (pH
4.5). Control rats received vehicle only (citrate buffer). After
24 h diabetes was confirmed by determination of the tail-
vein plasma glucose level. The animals were randomly
assigned to the following groups: control (C) (n = 8),
blood glucose 5.5 mm/l; 30-day diabetic rats (DI) (n = 10),
blood glucose 15.51 mm/l; 90-day diabetic rats (DII) (n
= 10), blood glucose 33.5 mm/l. At predetermined times
points (30 or 90 days), the rats were anesthetized with ether,
and dental pulp was extracted from the lower incisors and
molars under magnification.

Each tooth was immediately split with a small mallet
and pulp was extracted with small forceps. The collected
pulp tissue samples were washed extensively with 50 mM
Tris-HCl (pH 7.5) at 4˚C. Tissue was drained on filter paper,
weighed (6-8 mg) and then homogenized in cold 10mM
Tris-HCl, pH 8.2. The homogenate was centrifuged (10,000
x g) at 4˚C for 30 min and the supernatant saved for
biochemical determinations. Protein was determined
according to the method of Lowry et al. (7). Nitrites were
determined with the Griess reagent (Promega System)
according to Green et al. (8) [0.1% NED solution; 1%
sulfanidiamine (SDF) in 5% perchloric acid, 0.1 M Na
nitrite standard]. Samples (100 µl) were preincubated with
SFD for 5-10 min at room temperature, then 50 µl of NED
solution was added and incubation was continued for 30
min at 60˚C. A nitrite standard curve was prepared.
Absorbance was measured at 520 nm. Tissue kallikrein was
determined by incubating 100 µl of pulp homogenized with
1 mM p-Val-Leu-Arg-paranitroaniline (S 2266,
Chromogenic, Sweden), 20 mM SBTI and 700 µl of Tris
buffer (0.2 M, pH 9.5) for 60 min at 37˚C. The reaction
was stopped with 100 µl of 50% acetic acid, the mixture
was centrifuged for 15 min, and the sample was determined
by absorbance at 405 nm. The enzyme activity was
expressed as µmol 10-3 PNA mg tissue 10-1 (9).
Myeloperoxidase activity (MPO) was determined by the
procedure of Suzuki et al. (10). Samples were homogenized
in  50  mM phospha te  buffe r  pH 5 .4  and  0 .5%
hexadecyltrimethylammonium bromide, incubated at 4˚C
for 20 min, and then centrifuged at 12,000 x g for 30 min.
The supernatant (100 µl) was mixed with 0.9 ml buffer to
obtain a final concentration of 0.3 mM H2O2, 1.6 mM TBM
(3´ ,  5 ´  t e t r ame thy lbenz id ine  subs t r a t e ) ,  4%
dimethylformamide, and 80 mM phosphate buffer. The

changes in absorbance were measured at 655 nm and
recorded during 1 min each 10 sec starting at 30 sec at 25˚C.
The results were expressed as ∆ abs 655 mg protein-1.
Collagen was determined according to the method of
Walsh et al. (11) with slight modifications. Samples were
hydrolyzed in 6 N HCl for 18 h at 116˚C. To adjust the
pH after hydrolysis, a drop of phenolphtalein was added,
followed by diluted potassium hydroxide solution. Then
500 µl of 10% alanine solution, pH 7.5, and 1 ml of
potassium borate buffer, pH 8.7, were added to the samples.
The samples were mixed, and hydroxyproline was
converted to pyrrole-2-carboxylic acid with 1 ml of 0.2 M
chloramines-T solution. After 25 min, the incubation
reaction was stopped by adding 1.5 ml of 3.6 M sodium
thiosulfate solution. After oxidation, 2.5 ml toluene was
added and the tubes were shaken vigorously. The toluene
layer was removed and the aqueous layer was added to a
water bath and boiled for 30 min. Hydroxyproline was
determined by removing 2 ml and mixing it with 1 ml of
Ehrlich’s reagent, allowing 30 min for color develop.
Optical density was then read at 560 nm.

Alkaline phosphatase was measured by an appropriate
kit reagent (Wiener Lab, Argentina) (I: 21.6 µmol of
sodium phenylphosphate buffer carbonate, pH 9.8, in 6.4
ml water; II: diazo reagent, and 4.5 mg of naphthaline 1-
5 disulfonate diazonium salt (5-nitro-2 aminoanisol in 4.5
ml of destilled water). Samples (500 µl) in phosphate
buffer (10 mM, pH 7.4) were incubated at 37˚C with 1 ml
of reagent I for 30 min. The reaction was stopped by
adding 200 µl of phosphatase inhibitor (2% borate salt, 1.9%
formol, 850% L-disodium, 12% ETHO). Diazo reagent was
added to the samples (300 µl) and the reaction was read
at 490 nm. Activity was expressed in mU mg t-1.

Results
Plasma glucose levels in control (C) and diabetic rats

measured at 30 and 90 days after STZ administration
were: 5.5 ± 0.53, 15.1± 1.00 (DI) , and 33.5 ± 3.44 (DII)
mM/L respectively (P < 0.001, Control vs. diabetics DI
and II), and the corresponding protein concentrations
were: 0.397 ± 0.031, 0.296 ± 0.021, 0.145 ± 0.011, mg/mg
tissue respectively (P < 0.001 vs. control).

The nitrites and kallikrein of control and diabetics rats
are shown in Figs. 1 and 2. Nitrite levels were increased
significantly in DI, but were markedly reduced in DII (P
< 0.001).

On the other hand, the kallikrein activity was increased
in DI and markedly increased in DII (P < 0.001).
Myeloperoxidase (MPO) activity was increased in DII
when compared to the control (P < 0.001) (Fig.3). When
alkaline phosphatase (AP) was determined in dental pulp
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at DI and DII a significant difference was observed in
comparison with the controls, (P < 0.001) (Fig. 4). Both
DI and DII rats showed a significant reduction in collagen
concentration when compared to the control (P < 0.001)
(Fig.5).

Statistical analysis
Data are expressed as mean ± SEM. Differences between

normal controls and diabetic rats were analyzed by
regression analysis and unpaired Student’s t-test.
Differences at P < 0.05 were considered to be statistically
significant.

Discussion
It is well established that diabetes mellitus is associated

with oral complications and with depression of natural
defenses against infection (12). Patients with poorly
controlled diabetes have a chronic metabolism disorder of
carbohydrate and lipid metabolism, and are prone to
gingival (13) and dental injuries (3). Because dental pulp
has limited or no collateral circulation, conditions induced
by diabetes, such as periodontitis, may affect the dental
pulp via periapical way (14). Our results provide evidence
for two important types of dental pulp damage according
to the duration of diabetes. The first one occurs after a short
initial period of diabetes when hyperglycemia is around

Fig. 1 Nitrite concentrations in dental pulp from control rats
(C), and rats after 30 days (DI) and 90 days (DII) of
diabetes. Each group represents 8-10 samples.
Significant differences from control vs. DI or DII * P
< 0.05

Fig. 2 Kallikrein activity in dental pulp from control rats (C),
and rats after 30 days (DI) and 90 days (DII) of diabetes.
Each group represents 8-10 samples. Significant
differences from control vs. DI or DII * P < 0.05

Fig. 3 Myeloperoxidase activity in dental pulp from control
rats (C), and rats after 30 days (DI) and 90 days (DII)
of diabetes. Each group represents 8-10 samples.
Statistical differences from control and DI vs. DII * P
< 0.05

Fig. 4 Alkaline phosphatase in dental pulp from control rats
(C), and rats after 30 days (DI) and 90 days (DII) of
diabetes. Each group represents 8-10 samples. Statistical
differences from control vs. DI and DII * P < 0.05

Fig. 5 Collagen concentration in dental pulp from control
rats (C), and rats after 30 days (DI) and 90 days (DII)
of diabetes. Each group represents 8-10 samples.
Statistical differences from control vs. DI and DII * P
< 0.05
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15.1 mm/l and may cause early inflammatory alterations
with increased concentrations of kallikrein and nitrites. The
type of cells synthetizing iNOS in the early phase of pulpal
inflammation are neutrophil and macrophages (15). Various
kinds of pro-inflammatory mediators have been
demonstrated to have a possible role in the development
of pulp inflammation (16). Of all the known cell mediators,
the kallikrein-kinin system, is considered to play a primary
role in the onset of the inflammation (17). The kallikrein-
kinin system releases cytokines (IL-1, TNF) (18) and
many seconds generation mediators (prostaglandins and
leukotrienes). Elevated kallikrein enzymes levels are
observed in mice with early-phase diabetes (19). Our
results indicate that the initial increase of dental pulp
kallikrein may occur as a consequence of the inflammatory
process of diabetic hyperglycemia and the limited defense
capacity of dental pulp, wich is covered by hard dental
tissues. Bradykinin released from neutrophil kininogen is
a mediator of the early inflammatory process, especially
through promotion of venule constriction and increased
capillary membrane permeability (20).

Both generalized accumulation of atheromatous deposit
in the vessels lumen (21) and an increased endothelial cell
permeability occur (22). These changes impair the
leukotatic response and decrease the leucocyte microbicidal
activity (23). Myeloperoxidase activity (MPO) is well
known a marker of neutrophil infiltration (24). Thus,
neutrophils and macrophages appear to be responsible for
the production of NO observed in the early phase of
diabetic pulpal inflammation.

The onset of MPO observed at 30 days after STZ
treatment suggest pulp infiltration by PMNs and
macrophages. Interestingly, at 30 days of diabetes the
dental pulp AP was significantly increased and the collagen
concentration was markedly decreased. The present results
confirm that AP activity starts to increase during the initial
phase of diabetes and is related to the events that
characterize the different phases of diabetic inflammation.
On the other hand, collagen synthesis is significantly
affected when advanced glycation end- products (AGEs)
tend to increase. In addition it is well known that collagenase
activity in animal tissues is increased in association with
diabetes (25). The second important state of dental pulp
damage is a longer period of diabetes (90 days onwards),
causing irreversible changes on dental pulp leading to
necrosis.

Our data demonstrated progressive deterioration of the
matrix components, attributable to chronic hyperglycemia
and a rapid oxidation of NO to non-reactive species (26,27).
Two other inflammatory components were significantly
increased during the chronic phase of diabetes: kallikrein

and MPO.
The functional role of kallikrein may be specific to the

diabetes process as described previously (19). In addition,
MPO secreted by PMNs into the extracellular milieu
catalyzes the conversion of hydrogen peroxide to
hypoclorous acid as a primary product responsible for
cytotoxicity of neutrophils (28). In addition, increased
levels of MPO have been observed in diabetic retinopathy
(29). The increase in the activity of both MPO and kallikrein
enzymes in longer-standing diabetes could reflect the
inflammatory process and the formation of AGEs. The
formation of AGEs plays a central role in diabetic
complications (30). On the other hand, the increase of AP
could be related to the continuous inflammatory process
of diabetes as observed in kallikrein activity. Since collagen
concentrations were decreased at 90 days of diabetes, the
AGE formation with chronic hyperglycemia could be a
primary reason for changes in collagen stability and
vascular integrity (31). Similar results have recently been
found in gingiva of diabetic rats (6). In conclusion,
progressive diabetic hyperglycemia in this experimental
model shows modifications of dental pulp components that
may be involved in tissue changes not only in the
periodontium, but also at the dental pulp. It may eventually
become possible to control these modifications at the early
state of diabetes, and to devise strategies for the success
of pulp treatment.
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