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Diabetes mellitus is a metabolic dis-

order characterized by an abnormal

regulation of glucose metabolism. The

hyperglycemia developed from either a

deficiency in insulin production or an

impaired cellular sensitivity to insulin,

Types 1 and 2 diabetes, respectively,

can be associated with systemic dis-

orders including myopathies, neuro-

pathy, macrovascular disease, altered

wound healing (1, 2) and with an

increased susceptibility to periodontal

disease (3).

Several epidemiological studies have

showed a higher prevalence and severity
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Background: It is well known that the multiple direct and indirect consequences of

hyperglycemia in diabetic individuals have been linked to a number of abnormal

host effector mechanisms that could lead to an increased risk of developing

periodontal disease.

Objective: The aim of this study was to investigate the effect of short-term

experimental diabetes and insulin therapy on the severity of alveolar bone loss in

rats, and the effect of experimental periodontitis on glycemic control.

Methods: Seventy-two male Wistar rats were divided into four groups: group I

animals were submitted to dental ligature around lower right first molars (ligated);

group II consisted of streptozotocin (STZ)-diabetic, ligated rats; group III rep-

resented STZ-diabetic, unligated rats; and group IV consisted of insulin-treated

(6 U/day), STZ-diabetic, ligated rats. Blood glucose of all diabetic rats was

monitored at regular intervals. Standardized digital radiographs were taken after

killing at 7, 15 and 30 days to measure the amount of bone loss about the mesial

root surface of the first molar tooth in each rat.

Results: No significant (p < 0.05) changes in plasma glucose levels of insulin-

treated diabetic rats were found among the different examinations after the

beginning of insulin therapy. Rats from group II showed significantly greater

increases in mean plasma glucose levels at 15 and 30 days after ligature placement

compared with rats from group III (p < 0.05). Furthermore, in spite of the

significant alveolar bone loss progression that was observed in groups I, II

and IV (p < 0.00001; two-way ANOVA), no significant differences among these

groups regarding the severity of bone loss (p ¼ 0.77) and no significant

interaction between treatment group and time (p ¼ 0.81) were found.

Conclusions: Within the limits of this study, it can be suggested that the severity of

periodontal disease was not affected by short-term diabetes, and that experimental

periodontitis increased blood glucose levels in uncontrolled diabetic rats.
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of periodontal disease in patients with

diabetes mellitus. The Pima Indians,

who have the highest reported preval-

ence of Type 2 diabetes mellitus in the

world (4) were studied in at least four

cross-sectional studies, clearly demon-

strating that the prevalence of perio-

dontitis is higher in diabetic patients

than in non-diabetics (5–8). Patients

with Type 1 diabetes have also been

studied in controlled cross-sectional

studies, showing that periodontal

changes were always more severe in

diabetics. Furthermore, these studies

have indicated that diabetics with poor

metabolic control had more severe

periodontitis than those who were con-

sidered to be well controlled (9, 10).

Another finding that comes out of a

2-year controlled study (3) is that type 2

diabetes mellitus subjects had a signifi-

cantly increased risk of progressive

alveolar bone loss compared to non-

diabetic subjects.

A number of underlying mechanisms

likely account for the association of

diabetes with periodontal disease:

reduced polymorphonuclear leukocyte

function and chemotaxis, reduced

collagen synthesis and maturation,

increased collagenase activity, and

formation of advanced glycation end-

products, which can bind to macro-

phage and monocyte receptors resulting

in increased secretion of tumor necrosis

factor-a, interleukin-1 and prostaglan-

din E-2 (PGE2) (11–14). Collectively,

these mechanisms could lead to

impaired host resistance to infection,

defective wound healing and exagger-

ated inflammatory response (2), justi-

fying the severe periodontal destruction

and tooth loss in diabetic individuals.

Strong evidence exists to support the

notion that hyperglycemia is the pri-

mary factor responsible for the devel-

opment of diabetic complications.

Indeed, several studies have observed

more severe periodontitis in patients

with poorly controlled diabetes (15–17)

and in non-diabetic patients with

hyperglycemia (18, 19). Therefore, it

can be suggested that metabolic con-

trol may affect the status of periodon-

tal disease. However, many studies

have demonstrated that better blood

glucose levels could not directly

explain the better clinical presentation

(20, 21) and the course of pre-existing

periodontitis in diabetic patients (22).

Furthermore, many studies provide

evidence that inflammatory states may

induce a chronic state of insulin

resistance, contributing to a risk of

poor glycemic control in diabetic

patients (23–25). However, other

investigations have found no effect on

metabolic control after periodontal

treatment (16, 26–29). Consequently,

no firm conclusions can be drawn

about this topic from this collective

body of literature. The purpose of the

present study was to investigate the

effect of short-term experimental dia-

betes mellitus and insulin therapy on

the severity of alveolar bone loss in

rats, and the effect of experimental

periodontitis on glycemic control.

Material and methods

Seventy-two adult male Wistar rats

weighing approximately 200 g each

were used in this study. The animals

were housed in cages in groups of four

per cage, and fed with a standard

laboratory diet and given tap water ad

libitum. The protocol of this study

was in accordance with guidelines

approved by the Institutional Experi-

mentation Committee of the School of

Dentistry at Araraquara, São Paulo,

Brazil. Figure 1 outlines the experi-

mental protocol.

A group of 18 rats was injected with

citrate buffer alone (control, group I).

The other 54 rats (groups II, III and IV)

were fasted for 14 h and diabetes

was induced by a single injection of

50 mg/kg body weight streptozotocin

(STZ) (Sigma, St. Louis, MO, USA)

dissolved in citrate buffer (0.01 M;

pH 4.5) into the jugular vein. After the

injection, the animals were given free

access to water and food. Blood samples

were obtained from the tip of the tail of

conscious rats from STZ-diabetic

groups II, III and IV, between the hours

of 6.00 a.m. and 8.00 a.m., 3 days after

diabetes induction (Exam 1, Fig. 1).

The samples were collected in Eppen-

dorf tubes containing liquaemin sodium

(Liquemine�, La Roche Ltd, Basel,

Switzerland). After centrifugation,

plasma was separated and assessed for

level of glucose with the aid of a glucose

analyzer (Autoanalyzer, Technicom

RA-XT, Bayer, Dublin, Ireland). A

plasma glucose level greater than

300 mg/dl confirmed the presence of

diabetes. One day after diabetes confir-

mation, the rats from group IV received

subcutaneous injections of NPH

(Neutral Protamine Harguerdon) of

insulin (Biohulin NU-100, 100 U/ml,

Biobrás, Montes Claros, MG, Brazil)

diluted in 0.9% NaCl (3 U/twice a day).

The other rats from the diabetic groups

II and III, and the control animals

from group I were treated with saline

solution.

After 7 days (Exam 2), blood sam-

ples confirmed that the glycemic con-

trol was succeeded in the rats from

group IV. Then, all the animals from

groups I, II and IV underwent anes-

thetization obtained by intramuscular

administration of ketamine (0.08 ml/

100 g body weight) (Francotar�, Vir-

bac do Brazil Ind. e Com. LTDA, São

Paulo, Brazil). The lower right first

molar of each rat received the cotton

ligature in a submarginal position

to induce experimental periodontitis

Exam

Experimental protocol

1

–11 –7–8 0 7 15 30

Exam 2
Experimental
periodontitis

Exam 3 Exam 4 Exam5

Beginning

Diabetes
induction

of Insulin
therapy

Fig. 1. Experimental protocol.
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(30, 31). The STZ-diabetic rats from

group III were left unligated.

The animals were killed, in numbers

of six rats per group, at 7, 15 and

30 days after ligature placement. At

these time-periods, blood samples were

taken in order to measure the plasma

glucose concentration (mg/dl) of all

animals (Exams 3, 4 and 5, respect-

ively, at 7, 15 and 30 days).

The jaws were removed to determine

the degree of bone loss. Standardized

digital radiographs were obtained with

the use of a computerized imaging sys-

tem, CDR� (Computed Dental Radi-

ography for Microsoft Windows, Shick

Technologies, Inc., Dialom Dental

Products, USA), that utilizes an elec-

tronic sensor instead of X-ray film.

Electronic sensors were exposed at

65 kV and 10 mA with time of exposi-

tion of 12 impulses/s. The source-

to-film distance was always set at 50 cm.

The distance between the cemento-en-

amel junction and the height of alveolar

bone was determined for mesial root

surfaces of lower right first molars with

the aid of the CDR software. Millime-

ters of bone loss at each radiograph

were measured three times by the same

examiner, in different days, in order to

reduce the variation in the data.

Statistical analyses

A one-way analysis of variance (ANOVA)

was used to determine significances of

differences among groups of STZ-

diabetic rats (groups I, II, III and IV),

regarding their plasma glucose meas-

urements three days after STZ injection.

The intragroup changes were analyzed

by paired t-test.

Two-way ANOVA was employed to

analyze radiographic data from all four

groups, using the Tukey’s test for

subsequent multiple comparisons.

Data are expressed as means ± SEM.

Significance level was always set at

95% and all calculations were per-

formed using Statistica 5.1 for Win-

dows (StatSoft Inc., Tulsa, OK, USA).

Results

Plasma glucose concentrations

No statistical differences (p < 0.05)

were found among groups of STZ-

diabetic rats (groups II, III and IV)

regarding the initial plasma glucose

measurements after STZ injection

(Exam 1, Table 1). The mean plasma

glucose levels in the STZ-diabetic rats

were statistically higher (p < 0.05)

when compared with the mean plasma

glucose levels of control rats (group I)

in all exams (Exams 1, 2, 3, 4 and 5)

at all experimental periods (7, 15 and

30 days).

There were no statistically signifi-

cant changes among different exams in

the control group (group I) in any

experimental period.

At experimental period of 7 days in

the uncontrolled diabetic group of rats

with ligature (group II), there were

no significant differences (p < 0.05)

among mean plasma glucose levels at

the three different exams (Table 1).

However, at experimental period of

15 days, the mean plasma glucose level

of the fourth exam (640.83 ± 166.22)

was statistically greater (p < 0.05)

than those of the anterior exams

(440.83 ± 63.34, 445.17 ± 60.03 and

449.17 ± 108.37, respectively, exams

1, 2 and 3). At experimental period

of 30 days a similar behavior was

found: the mean plasma glucose level

at the fourth exam (716.67 ± 59.35)

was greater than those of the first

(469.17 ± 38.77), second (538.33 ±

30.91) and third (496.67 ± 55.43)

exams. In addition, there was no sta-

tistical difference between the fourth

and fifth exams.

In the uncontrolled diabetic group

of rats without ligature (group III), a

trend to increasing blood glucose levels

with time was also verified; however, a

statistically significant difference was

only found at experimental period

of 15 days where the mean plasma

glucose level of the fourth exam

(514.03 ± 26.70) was statistically

greater (p < 0.05) than that of exam 1

(470.33 ± 60.28). Furthermore, the

blood glucose levels in the fourth exam

at experimental period of 15 days and

in the fourth and fifth exams at

Table 1. Mean serum glucose levels (mg/dl) and standard deviation of rats from groups I, II, III and IV:

Group Period

Plasma glucose (mg/dl)

Exam 1 Exam 2 Exam 3 Exam 4 Exam 5

I 7 (n ¼ 6) 131.10 ± 8.70 117.68 ± 4.20 134.87 ± 12.00

15 (n ¼ 6) 146.21 ± 4.51 161.17 ± 5.93 153.31 ± 9.08 149.13 ± 8.34

30 (n ¼ 6) 123.63 ± 6.31 126.00 ± 7.84 127.29 ± 6.17 148.70 ± 6.45 141.12 ± 10.81

II 7 (n ¼ 6) 510.00 ± 82.04a 539.00 ± 33.82a 534.00 ± 40.17a

15 (n ¼ 6) 440.83 ± 63.34a 445.17 ± 60.03a 449.17 ± 108.37a 640.83 ± 166.22abcd

30 (n ¼ 6) 469.17 ± 38.77a 538.33 ± 30.91a 496.67 ± 55.43a 716.67 ± 59.35abcd 750.83 ± 56.82abcd

III 7 (n ¼ 6) 506.30 ± 48.50a 510.00 ± 46.40a 523.70 ± 44.40a

15 (n ¼ 6) 470.33 ± 60.28a 490.08 ± 50.20a 487.63 ± 57.21a 514.03 ± 26.70abe

30 (n ¼ 6) 461.39 ± 42.83a 470.50 ± 60.17a 456.21 ± 51.33a 485.69 ± 24.47ae 465.19 ± 15.36ae

IV 7 (n ¼ 6) 476.67 ± 45.25a 78.83 ± 5.93ab 82.00 ± 4.55ab

15 (n ¼ 6) 474.17 ± 50.37a 73.67 ± 9.30ab 69.67 ± 9.72ab 70.50 ± 14.34ab

30 (n ¼ 6) 433.33 ± 85.91a 67.17 ± 6.34ab 66.33 ± 5.88ab 67.00 ± 7.85ab 66.67 ± 11.86ab

aIndicates a significant difference, p < 0.05, when compared with the corresponding exam at the same experimental period in group I.
bIndicates a significant difference, p < 0.05, when compared with the exam 1.
cIndicates a significant difference, p < 0.05, when compared with the exam 2.
dIndicates a significant difference, p < 0.05, when compared with the exam 3.
eIndicates a significant difference, p < 0.05, when compared with the corresponding exam at the same experimental period in group II.
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experimental period of 30 days in

group III were statistically lower than

those of group II (p < 0.05).

The mean and standard deviation of

plasma glucose level (mg/dl) of the

insulin-treated diabetic rats (group IV)

at the experimental periods of 7, 15 and

30 days are also shown in Table 1. The

mean plasma glucose levels 7 days after

thebeginningof insulin treatment (exam

2)was lower than thatof thefirst examat

all the experimental periods (7, 15 and

30 days), confirming the insulin control

of glucose levels. The samebehaviorwas

verified in the following exams of group

IV (exams 3, 4 and 5). However, no

further differences among exams were

found in anyof the experimental periods

after the periodontitis induction.

Radiographic data

Table 2 shows mean radiographic

alveolar bone loss for groups I, II, III

and IV, at experimental periods of 7,

15 and 30 days. Mean alveolar bone

loss in group III (diabetes without

experimental periodontitis) was statis-

tically lower when compared with the

mean alveolar bone loss in the ligated-

animals (groups I, II and IV) in all the

experimental periods evaluated. There

were no statistically significant differ-

ences with regards to the mean alveolar

bone loss among experimental periods

in the group III.

An increasing alveolar bone loss

over the 30-day period was evident,

with significant differences between

experimental periods of 30 and 7 days

(p ¼ 0.00001) in the experimental

groups I, II and IV. At experimental

period of 15 days only the control and

insulin-treated diabetic groups showed

significant increases in mean bone loss

when compared with the experimental

period of 7 days (p ¼ 0.01 and

p ¼ 0.004, respectively). However, no

significant differences among groups

regarding the severity of alveolar bone

loss (p ¼ 0.77) and no significant

interaction between treatment group

and time (p ¼ 0.81) were found.

Discussion

The association between diabetes mell-

itus and periodontal disease has been a

topic of discussion for many years.

Several epidemiological studies have

reported a positive correlation between

diabetes and the prevalence and severity

of periodontal disease (5, 6, 32). In fact,

this increased susceptibility of perio-

dontal disease in diabetic subjects could

be correlated with the impaired meta-

bolic control of glycemic levels (33).

Besides the reduced polymorpho-

nuclear leukocyte function and its

depressed chemotaxis (34, 35), the

plausibility of this relationship could be

well explained by some indirect conse-

quences of hyperglycemia (2) that could

adversely affect host resistance to

microbial dental plaque. Elevated blood

glucose levels can result in the tissue and

plasma accumulation of the irreversible

advanced glycation end-products,

through the non-enzymatic glycation

and oxidation proteins and lipids (36).

The presence of advanced glycation

end-products has been linked to the

development of diabetic complications

(37). The interaction of advanced gly-

cation end-products with cell surface

binding sites (receptors for advanced

glycation end products), which are pre-

sent on endothelial cells, mononuclear

phagocytes and fibroblasts, results in

hyperpermeability (38), increased pro-

duction of vascular cell adhesion mole-

cule-1 (39), up-regulation of the

proinflammatory monocyte response,

resulting in enhanced production of

tumor necrosis factor, interleukin-1 or

interleukin-6 (40–42), and decreased

productionof type I collagen (43). Thus,

hyperglycemia can interfere with the

risk of developing periodontal destruc-

tion by leading to an exaggerated

inflammatory response and compro-

mised wound healing.

It is also well known that bone

metabolism is impaired in uncontrolled

diabetes (44, 45). Sayinalp et al. (45)

found that following the restoration of

good glycemic control in diabetic

patients, the serum concentration of

osteocalcin, an indicator of osteoblast

function, was increased and, in conse-

quence, the osteoblast function

re-established. Similarly, in an STZ-

diabetic model, Shyng et al. (44)

showed significantly lower calcein up-

take in diabetic rat femurs than that of

the control or insulin-treated rat. In

fact, low dynamic bone formation and

osteoporosis characterize the diabetic-

rat model (46, 47).

In the present study, we used STZ, a

potent diabetogenic agent that causes

selective destruction of pancreatic beta

cells, in order to experimentally induce

a decreased secretion of insulin. In

agreement with findings reported in the

literature (11, 48, 49), our results

showed an increase in plasma glucose

levels in STZ-treated rats.

The model of periodontitis-associ-

ated diabetes has been used to study the

effects of diabetes on periodontal dis-

ease both in rats (50) and mice (11, 51).

However, to the best of our knowledge,

there have been no studies reported that

assess the effects of insulin therapy on

alveolar bone of diabetic rats subjected

to ligature-induced periodontitis. The

objective of our study was to demon-

strate that insulin therapy would correct

a possible negative effect of STZ-in-

duced diabetes mellitus on the alveolar

bone loss of rats subjected to experi-

mental periodontitis.

Recently, a study by Mishima et al.

(52) demonstrated that insulin treat-

ment of diabetic rats normalized the

histometric measures of alveolar bone

remodeling in a 24-day experiment. Our

Table 2. Mean radiographic alveolar bone loss (mm) and standard deviation after

experimental periodontitis in groups I, II, III and IV in each experimental period:

Experimental

period (days)

Mean alveolar bone loss ± SD (mm)

Group I Group II Group III Group IV

7 (n ¼ 6) 0.72 ± 0.16a 0.80 ± 0.23a 0.07 ± 0.03 0.71 ± 0.17a

15 (n ¼ 6) 1.02 ± 0.19ab 1.05 ± 0.17a 0.13 ± 0.12 1.13 ± 0.17ab

30 (n ¼ 6) 1.22 ± 0.41ab 1.15 ± 0.30ab 0.11 ± 0.09 1.27 ± 0.18ab

aIndicates a significant difference, p < 0.05, when compared with group III at the same

experimental period.
bIndicates a significant difference, p < 0.05, using two-way ANOVA, when compared with

experimental period of 7 days in the same experimental group.
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data showed that daily insulin injection

(6 U) lead to decreased levels of plasma

glucose, between 60.45 and 86.55 mg/dl,

below the levels of non-diabetic rats

(group I). However, in spite of the

effective glycemic control reached in the

present study, our radiographic results

revealed no differences among groups

of rats subjected to experimental

periodontitis (groups I, II and IV,

respectively, control, diabetic- and

insulin-treated diabetic groups) in any

of the experimental periods (7, 15 and

30 days) regarding the mean alveolar

bone level measured at the mesial sur-

face of the mandibulary right first

molars. The absence of significant

increased alveolar bone loss in the

hyperglycemic group (group II) when

compared to groups I (control) and IV

(diabetes with insulin therapy), may be

explained by a possible influence of the

duration of diabetes on the severity of

periodontal disease. The present study

was a short-term evaluation (only

1 month) of the effects of hyperglycemia

on periodontitis. A longer period of

experimental diabetes may be necessary

to result in a possible enhanced accu-

mulation of advanced glycation end-

products in the periodontal tissues, and

consequently, enhanced effects on

periodontal inflammation, as shown by

other studies (11, 51). Lalla et al. (11)

showed significantly increased alveolar

bone loss in diabetic mice compared

with non-diabetic mice only at 3 and

4 months after diabetes induction,

therefore reinforcing the hypothesis of

the possible influence of the duration of

diabetes on the severity of experimental

periodontitis in rats. Actually, it has

been shown that patientswith long-term

diabetes are more likely to develop

periodontitis than those who have had

the disease for a short time (9, 53–55).

In addition, it is stated in a Position

Paper of the American Academy of

Periodontology (14): �The incidence of

periodontitis increases among diabetic

subjects after puberty and as the patient

population ages�, and �Periodontal

disease may be more frequent and

severe in diabetic individuals with more

advanced systemic complications�.
Despite the apparent lack of effect

of diabetes on the alveolar bone loss

found in our present investigation,

significant greater increases

(p < 0.05) in the mean plasma glu-

cose levels were showed in the

uncontrolled diabetic rats with liga-

ture (group II) at 15 and 30 days

after ligature placement, when com-

pared with those of the uncontrolled

diabetic rats without ligature (group

III). This finding is in agreement

with those of previous studies (17,

56) and would indicate that even in

a short term, periodontal disease

may complicate the severity of dia-

betes in rats. By the other hand,

insulin therapy seemed to overcome

the deleterious effect of experimental

periodontal disease on the glycemic

control, probably due to the hypo-

glycemic state caused by the daily

injection of 6 U of insulin.

In conclusion, the present study

showed that short-term experimental

diabetes had no influence on the

severity of periodontitis in rats. In

addition, it was shown that blood

glucose level could be affected by

experimental periodontitis in uncon-

trolled diabetic rats. Future studies

should involve greater experimental

periods to determine whether a longer

duration of diabetes is associated with

more significant alveolar bone loss in

the same animal model.
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