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Bone regeneration in cranioplasty and
clinical complications in rabbits with
alloxan-induced diabetes

Abstract: This research evaluated the bone repair process in surgical de-
fects created on the parietal bones of diabetic rabbits using the guided
bone regeneration technique to observe the effects of alloxan in the in-
duction of diabetes mellitus. Twenty-four adult rabbits were divided into
three study groups: control (C), diabetic (D) and diabetic associated to
polytetrafluoroethylene (PTFE) membrane (D-PTFE). For diabetes in-
duction the animals received one dose of monohydrated alloxan (90 mg/
kg) by intravenous administration in the auricular or femoral vein. In
group D-PTFE the membrane covered both the floor and the surface
of the bone defect. In groups D and C, the bone defect was filled up
with blood clot. The specimens were fixed in 10% formol and prepared
for histomorphometric analysis. The results showed that the 90 mg/kg
dose of monohydrate alloxan was sufficient to promote diabetes mellitus
when administered in the auricular vein. Bone regeneration was slower in
the diabetic group when compared with the control and diabetic-PTFE
groups, but there was no significant statistical difference between the
two experimental groups (D and D-PTFE). The oral and general clinical
complications among the diabetics were weight loss, polyuria, polypha-
gia and severe chronic gingivitis.

Descriptors: Diabetes mellitus; Bone regeneration; Diabetes
complications; Alloxan.
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Introduction

Diabetes mellitus, a complex metabolic disor-
der, is a syndrome characterized by abnormalities
in carbohydrate, lipid, and protein metabolism,
that results either from a partial or an absolute in-
sulin deficiency or from target tissue resistance to
its cellular metabolic effects.! This disease is char-
acterized by the presence of few or by the absence
of functional B cells in the islets of Langerhans, and
by a substantial reduction or inexistence of insulin
secretion.? According to literature, alloxan has been
frequently used in rabbits to destroy the pancreatic
beta cells and promote the disorganization of the
pancreas parenchyma and consequently of its func-
tions. The slower bone repair in diabetics is the con-
sequence of a deficient function of osteoblasts,® a
diminished production of collagen* and/or changes
in the mineral metabolism.’ Therefore, the purpose
of the present work was to establish an experimen-
tal model for alloxan-induced diabetes in rabbits,
to evaluate qualitatively and quantitatively the bone
repair process in surgical defects, and to investigate
the general and oral clinical complications of this
metabolic disease.®”

Material and Methods

Twenty-four New Zealand adult rabbits with an
average weight of 3.5 kg were divided into 3 groups:
control (C), diabetic (D) and diabetic with PTFE
barrier (D-PTFE). All animals received human care
according to the National Research Council Cri-
teria, and the study protocol was approved by the
Committee for Animal Use, School of Dentistry of
Sao José dos Campos, Sio Paulo State University
(UNESP).

Induction of Diabetes mellitus and blood
glucose measurement

Diabetes mellitus was induced in the rabbits by
a single 90 mg/kg intravenous injection of the pan-
creatic B-cells toxin monohydrate alloxan (Sigma Al-
drich Chemical - Saint Louis, MO, USA). The drug
was dissolved in 5§ ml of NaCl (0.15 M) and immedi-
ately administered to the anesthetized rabbit via the
marginal ear vein. For this study, a blood glucose lev-
el greater than 200 mg/dl was an indication of hyper-

glycemia. NPH Human Insulin (Humulin® N-100,
Eli Lilly do Brasil Ltda., Sao Paulo, SP, Brazil) was
administered subcutaneously in order to maintain a
stable serum glucose level between 200 mg/dl and
350 mg/dl. The blood glucose level was monitored
with a glucosemeter and by Onetouch Ultra test
strips® (LifeScan Johnson & Johnson, Milpitas, CA,
USA) two times a day until sacrifice of the animals.

Treatment protocol for surgical bone
defect and postoperative phase

The animals were anesthetized intramuscu-
larly with 0.1 mg/dl of Rompum® (Bayer, Sdo
Paulo, SP, Brazil) as a pre-anesthetic solution, and
with 0.25 mg/dl of Ketalar® (Aché Laboratérios
Farmacéuticos S. A., Parke-Davis, Guarulhos, SP,
Brazil) for complete anesthesia. An incision was
made in the sagittal plane of the head, followed by
muscular dissection, plane to plane, and incision of
the periosteum. Subsequently, a surgical bone de-
fect was created in each parietal bone with the aid
of 8.0 mm trephine® (Titanium Fix, AS Technol-
ogy, Sdo José dos Campos, SP, Brazil). The bone
defect had a circular form, with its depth equal to
the thickness of the removed cortical bone. In group
D-PTFE, the PTFE barrier was placed on the floor
and on the surface of the surgical bone defect. Sub-
sequently, the periosteum and the muscle were su-
tured as well as the skin. The animals were treated
with 0.1 ml/kg of benzylpenicillin® (antibiotic, Pent-
abidtico; Fort Dodge Saude Animal S3do Paulo, SP,
Brazil) 24 hours before and 1 hour after surgery.
Five days after surgery, 6 mg/day/kg Celecoxib®
(Pfizer Pharmacia, Sao Paulo, SP, Brazil) was used
as an anti-inflammatory. Fifteen, 30, 60 and 90 days
after surgery, three animals of each group were sac-
rificed. The content of the bone defect was removed
in block, fixed in 10% formalin for 72 hours, de-
calcified in Plank-Rychlo solution and embedded in
paraffin. The histological sections were 5 um thick
and were stained with H-E.

Statistical and histomorphometric analysis
The histomorphometric method determines the

3-dimensional quantitative parameters of anatomi-

cal structures in the histological sections. It is ab-
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solutely necessary to randomly separate every step
of the experiment, such as: selection of animals and
blocks, histological sections and fields. Moreover,
the minimal number of histological sections for this
analysis is obtained by the Cumulative Frequency
Method, which is characterized by the empirical de-
termination of a minimum number of observations,
in order to build an adequate measurement sam-
ple.®? In this research, a Zeiss II reticule was placed
over a Zeiss microscope with 10 X ocular compen-
sation (W-PI, Carl Zeiss, Germany) to evaluate the
bone density (Bd). The reticule image was superim-
posed on the desired histological fields. The reticule
points (Ni) and the total number of points over the
bone defect (N) were counted. The bone density was
evaluated with the following formula:

Ni
N
where:

Bd =

Ni: number of points in bone trabeculae;
N: total number of points over bone defects.

The chosen bone defect was submitted to exami-
nation with serial microscopic sections, from which
approximately 100 sections were obtained. From
these sections, 4 were randomly chosen for histomor-
phometric analysis. Subsequently, eight histological
fields from each section of the surgical bone defect
region were analyzed. For this step, a 20 X objective
(A-Plan, Carl Zeiss, Germany) and a 10 X ocular (W-
PI, Carl Zeiss, Germany) of an optical microscope
(Axioskop 40, Carl Zeiss, Germany) were used. The
objective showed a 100-point reticule corresponding
to 7840 w? for measuring the bone tissue area. The
histomorphometric results were submitted to analy-
sis of variance (ANOVA) and to Tukey test with the
aid of the GraphPad InStat software version 3.00 for
Windows 95 (GraphPad Software, San Diego, CA,
USA). The level of significance used was p < 0.05.

Results

Effects of alloxan in the pancreas and

clinical complications of Diabetes mellitus
After alloxan administration, the pancreas of the

diabetic animals were removed and analyzed micro-
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scopically to check the effects of the drug. The mi-
croscopic sections showed parenchyma disorgani-
zation with presence of atypical acinar cells, scarce
secretion vesicles, atrophy and a decreased number
of Langerhans islets in some regions. In this study,
the general clinical complications in the diabetic
rabbits were weight loss (24/24), polyuria (24/24),
polyphagia (24/24), ketoacidosis, accentuated hypo-
glycemia (2/24), convulsions, heart attack, diabetic
foot (1/24), acute dermatitis (1/24), eritematous and
ulcerated lesion associated to fungal and bacterial
infections, located in the submandibular region ex-
tending to trunk and neck regions, and intracranial
abscess (5/24) in the region of the surgical defect.
The intraoral examination revealed severe chronic
gingivitis (11/24) (Figure 1).

Microscopic features

15 days

The histological sections of the control group
(group C) showed the bone defect filled with osteo-
genic connective tissue and with discrete and im-
mature bone trabeculae. The connective tissue was
mainly constituted by osteoprogenitor cells and col-
lagen fibers as well as by few mononuclear inflamma-
tory cells. The immature bone trabeculae were full of
delicate and irregular cells localized in the periphery
of the bone defect growing into its central portion.
Some histological sections also showed muscle and
adipose tissue in the bone defect area (Figure 2A).
In group D, the same microscopical features of the
control group were observed. There was a very thin
strip of newly formed bone when compared to the
original cortical bone (Figure 2B). In group D-PTFE,
the histological features were the same as described
before for both previous groups. However, there were
numerous newly formed bone trabeculae when com-
pared with group D. There were areas of interstitial
hemorrhage and some mononuclear inflammatory
cells. There was a strip of bone tissue in the defect as
thick as the original cortical bone (Figure 2C).

30 days

The bone defects in group C were filled by ma-
ture and thick bone trabeculae at the periphery of
the defect and immature trabeculae in the central
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Figure 1 - Oral and general clinical complications of
diabetes mellitus: diabetic foot (A) and chronic gingivitis (B)
in the region of the inferior central incisors.

portion of it. The kind of bone growth was conse-
quently centripetal. The osteogenic bone tissue was
moderately infiltrated by mononuclear inflamma-
tory cells, mostly in the central portion. The strip
of newly formed bone was thinner than the original
cortical bone. In group D the histological features
were very similar to those of group C. In group D-
PTFE, the bone defect was filled by bone trabeculae
both mature and thick at the periphery of the de-
fect and immature in the central portion of it, simi-
larly to group C. The bone trabeculae growth was
towards the central portion of the defect, following
the virtual space left by the PTFE barrier. These
features demonstrate an osteoconductive property
of the membrane and a centripetal growth of bone
tissue. However, a higher number of trabeculae was
observed in comparison with the first two groups.
The osteogenic connective tissue was well organized
and the collagen fibers were parallel to each other. A
moderate and diffuse infiltrate of mononuclear in-
flammatory cells was also observed. In some histo-
logical sections, it was possible to observe the pres-
ence of bone marrow tissue mainly in the periphery

of the defect, and the strip of newly formed bone

tissue was as thick as the original cortical bone.

60 days

In group C the bone defect was filled with ma-
ture bone tissue regularly distributed, but there
were still some connective osteogenic tissue. The
newly formed bone exhibited Havers channels and
the bone growth inside the defect was still centrip-
etal with some osteoclastic cells starting bone re-
modeling. The strip of newly formed bone tissue
had a thickness similar to that of the original cor-
tical bone. In group D, connective osteogenic tis-
sue and discrete bone trabeculae were still found in
the bone defect. This tissue was disorganized and
the collagen fibers were irregularly distributed. The
amount of bone tissue was lesser when compared
with groups C and D-PTFE. In some sections there
was invasion of muscle and adipose tissue in the in-
terior of the defect. In group D-PTFE the defect was
filled with bone tissue and disorganized connective
osteogenic tissue. The bone trabeculae were mature
in the periphery and immature in the central por-
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Figure 2 - Photomicrographs of the bone defect after 15 days. Limits of the surgical bone defect are indicated by arrows: (A)
control; (B) diabetic; (C) D-PTFE (H-E, original magnification 50 X).

tion. The trabeculae were homogenous, regularly
distributed and occupied the space left by the PTFE
barrier. The strip of bone tissue at the periphery of
the bone defect was as thick as the original cortical
bone.

90 days

In group C, the bone defect was filled by mature
bone tissue and in some areas there was an amount
of fibrous connective tissue that was not calcified
anyway forming a kind of fibrous capsule that was
relatively thick, although some very insignificant

188 | Braz Oral Res 2008;22(2):184-91

newly formed bone trabeculae were permeating
some areas (Figure 3A). In group D, there was fi-
brous connective tissue in the bone defect permeated
by small thin, irregular and mature bone trabeculae.
At the periphery, mature bone tissue could be seen
growing towards the center of the bone defect. The
control group revealed very few Havers systems. In
all sections of these groups, there was an undesir-
able kind of tissue (Figure 3B). In group D-PTFE
the bone defect was filled by mature bone trabecu-
lae with a regular feature, but there was also fibrous
connective tissue as well as osteogenic connective
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Figure 3 - Photomicrographs of the surgical defect region after 90 days. Limits of the surgical bone defect are indicated by ar-
rows: (A) control; (B) diabetic; (C) D-PTFE (H-E, original magnification 50 X).

tissue; the cortical bone was preserved in all sections
observed. The bone marrow spaces were very large
with red bone marrow. The PTFE barrier was dislo-
cated in some histological sections examined. The
quality of bone tissue was well organized with thick
bone trabeculae regularly and uniformly distributed
in the field of the bone defect (Figure 3C).

Histomorphometric and statistical analysis

The histomorphometric analysis aimed at mea-
suring the volume density of the newly formed
bone matrix in the bone defects of groups C, D
and D-PTFE, as well as providing the necessary
data for the statistical analysis of these measure-
ments. The mean values and standard deviations

Table 1 - Density of newly formed bone tissue of the studied
groups after the observation periods (Mean £ SD).

Periods Control Diabetic Diabetic-PTFE
15 31.66+2.47 1848+ 484 | 17.60+0.20
30 39.96+0.43 | 30.43+15.06 | 36.70£4.10
60 45.60+4.09 | 3644+ 793 | 32.74+0.92
90 53.24+5.09 | 44.10+17.52 | 51.93+£1.20

The results were not statistically significant between groups D and D-PTFE
(p > 0.05).

of the bone defect histomorphometry of the con-
trol (C), diabetic (D) and Diabetic-PTFE (D-
PTFE) groups for the different periods are shown
in Table 1.
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Discussion

For our study we chose alloxan to produce ex-
perimental diabetes mellitus because of its efficient
selective cytotoxic action on fB-cells of the pancreas
Langerhans islets.”” In this study, for all periods of
observation of the control group, the mean bone
density increased gradually and progressively. Si-
mion et al.” (1994) compared clinical, microbio-
logic and morphostructural aspects of the healing
process with PTFE membranes, placed in fresh ex-
traction dental sockets, which did or did not show
early membrane exposure. The membranes are
highly biocompatible and did not interfere with the
healing process. The PTFE barrier promoted an os-
teoconductive property, which positively aided the
bone repair process in this experimental study as
well as in those of Gomes et al.¢ (2002) and Carv-
alho et al.® (2004), whose results were already de-
scribed. Previously, however, a relevant fact in all
specimens of the diabetic group was the discrep-
ant variation in bone density, especially thirty and
sixty days after surgery, that had decreased sig-
nificantly. Studies of Alkan et al.'* (2002) did not
find good results using doxycicline in the healing
of bone defects in experimental diabetes mellitus.
This study found that administration of doxyci-
cline did not significantly alter the amount of bone
formation during the healing process of bone de-
fects in control and in diabetic rats. The work of
Grandini’® (1978), an histologic study of the effects
of diabetes on wound healing of dental sockets in
diabetic rats, observed a delayed healing of bone re-
generation after partial pancreatectomy, caused by
metabolic modification of the induced disease. Dia-
betes mellitus can be induced also by streptozoto-
cin administered chronically.* The purpose of the
study was to correct abnormal bone and mineral
metabolism. It was concluded that prolonged strep-
tozotocin-induced diabetes mellitus in rats resulted
in reduced bone turnover and growth arrest, which
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are completely corrected by insulin therapy. Many
of the chronic diabetes mellitus involve defects in
the connective tissue such as poor wound healing
and diminishing bone formation, because collagen
is the major protein component of those connective
tissues. A production of collagen has been exam-
ined in diabetic rats using tritiated proline. It was
concluded that diabetes is associated with a marked
decrease in collagen production. Rico et al.’ (1989)
considered that the mechanism for underlying di-
abetic osteopenia is still unclear and may involve
osteoblastic activity, and their results suggest that
deficient osteoblast function could be responsible
for osteopenia in diabetics. For He ef al.'? (2004),
diabetes decreases osteoclastogenesis, reduces bone
formation and enhances apoptosis of osteoblastic
cells in bacteria stimulated bone loss. They affirm
that diabetes may cause a net loss of bone because
the suppression of bone formation is greater than
the suppression of bone resorption.

Our clinical results showed weight loss, polyuria
and polyphagia and severe chronic gingivitis, in ac-
cordance with the results of Grandini’ (1978) and
Hough ez al.’ (1981).

Conclusion

This research work showed that 90 mg/kg of
monohydrate alloxan was sufficient to promote dia-
betes mellitus experimentally when administered in
the auricular vein. The bone repair was slower in the
diabetic group when compared with the control and
diabetic-PTFE groups, but there was no significant
statistical difference between these two experimen-
tal groups (D and D-PTFE). The oral and general
clinical complications were accentuated weight loss,
polyuria, polyphagia and severe chronic gingivitis.
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