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ALVEOLAR WOUND HEALING IN RATS FED ON HIGH SUCROSE DIET
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ABSTRACT

The potential for bone repair is influenced by various biochem-
ical, biomechanical, hormonal, and pathological mechanisms
and factors such as diet and its components, all of which gov-
ern the behavior and function of the cells responsible for
forming new bone. Several authors suggest that a high sucrose
diet could change the calcium balance and bone composition
in animals, altering hard tissue mineralization. The mechanism
by which it occurs is unclear. Alveolar healing following tooth
extraction has certain characteristics making this type of
wound unique, in both animals and humans.

The general aim of this study was to evaluate and quantify
the biological response during alveolar healing following
tooth extraction in rats fed on high sucrose diets, by means of
osteocyte lacunae histomorphometry, counting empty lacu-
nae and measuring areas of bone quiescence, formation and
resorption.

Forty-two Wistar rats of both sexes were divided into two
groups: an experimental group fed on modified Stephan Harris
diet (43% sucrose) and a control group fed on standard bal-
anced diet. The animals were anesthetized and their left and
right lower molars extracted. They were killed at 0 hours, 14,
28, 60 and 120 days. Samples were fixed, decalcified in EDTA
and embedded in paraffin to prepare sections for optical
microscopy which were stained with hematoxylin/eosin.
Histomorphometric analysis showed significant differences in
the size of osteocyte lacunae between groups at 28 and 60 days,
with the experimental group having larger lacunae. There were
more empty lacunae in the experimental group at 14 days, and
no significant difference in the areas of bone activity.

A high sucrose diet could modify the morphology and quality of
bone tissue formed in the alveolus following tooth extraction.
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CICATRIZACION ALVEOLAR EN RATAS CON DIETA RICA EN SACAROSA

RESUMEN

El potencial de reparacion osea esta influenciado por una var-
iedad de mecanismos bioquimicos, biomecanicos, hormonales,
patologicos y factores como la dieta y sus componentes, todos rigen
comportamiento y funcion de las células encargadas de formar
nuevo hueso. Varios autores sugieren que una dieta rica en sac-
arosa, podria cambiar el balance del calcio y la composicion dsea
en animales, alterando la mineralizacion de tejidos duros. El
mecanismo por el cual esto se produce no es claro. La cicatrizacion
alveolar post extraccion reune caracteristicas particulares que la
convierten en una herida unica, en animales y en humanos.

El objetivo general de este trabajo fue evaluar y cuantificar la
respuesta biologica durante la cicatrizacion alveolar post
extraccion en ratas con dieta rica en sacarosa, mediante la
histomorfometria de lagunas osteociticas, recuento de lagunas
vacias y medicion de zonas de reposo, neoformacion y resor-
cion osea.

Se utilizaron 42 ratas Wistar, de ambos sexos, que fueron divi-
didas en dos grupos: grupo experimental, alimentadas con

INTRODUCTION

Following tooth extraction, a series of events takes
place in the human alveolus which makes this type
of wound unique in the body. The broken surface
covering exposes the bone and clot to a septic cavi-
ty containing microorganisms (saprophytes or
pathogens), which may upset the biological bal-

dieta modificada de Stephan Harris (43% de sacarosa) y grupo
control alimentadas con dieta balanceada estandar. Se aneste-
siaron los animales y se extrajeron primeros molares inferiores,
derecho e izquierdo, luego fueron sacrificados a las Ohs., 14,
28, 60 y 120 dias. Las muestras obtenidas fueron fijadas,
descalcificadas con EDTA e incluidas en parafina y se obtu-
vieron cortes para microscopia optica que fueron coloreados
con hematoxilina/eosina.

El analisis histomorfométrico mostro diferencias significativas
de tamario entre lagunas osteociticas de ambos grupos a los
28 y 60 dias siendo de mayor tamariio en los experimentales, se
encontraron mayor cantidad de lagunas vacias en experimen-
tales a los 14 dias y no hubo diferencias significativas en las
superficies de actividad osea.

Una dieta rica en sacarosa podria producir modificaciones en
la morfologia y calidad del tejido éseo que se forma en el alve-
olo post extraccion dentaria.

Palabras clave: Alvéolo dentario, hueso, dieta rica en sacarosa

ance'. In addition, the entire periodontium is irre-
versibly damaged and healing takes place by sec-
ondary intention?.

The potential for bone repair is influenced by a
range of external factors, such as diet, which affects
the behavior and function of the cells responsible
for forming new bone.
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Osteocytes, the most plentiful cells in bone tissue**,
are involved in control of extracellular concentra-
tion of calcium and phosphorus and in the process
of adaptive remodeling through cell-cell interac-
tions in response to the local environment, thus pre-
serving bone homeostasis and ensuring bone
vitality. They are found in the osteocyte lacunae and
connect by means of a network of cytoplasmic
processes through cylindrical canaliculi to blood
vessels and other osteocytes, forming a bone micro-
circulation system, sending and receiving signals to
and from other osteocytes, osteoblasts and bone-
lining cells?.

Several studies have shown that a high sucrose
diet alters mineral metabolism in humans, induc-
ing changes in calcium balance®. In experimental
animals, changes in bone composition have been
observed,” as well as variations in the mineral-
ization of hard tissues, teeth and bones?, taking
into account that their formation processes are
considerably similar’. Regarding dentin, it was
found that there is a reduction both in its degree
of mineralization'? and in the amount formed!';
regarding bone tissue, there is alteration of
mechanical properties!?!3, with marked reduc-
tions in concentrations of calcium and phospho-
rous, bone density and resistance to fracture in
rats of both sexes!*. All the literature consulted
shows bone alterations produced by a high
sucrose diet in different bones in experimental
animals; but there is no description of what hap-
pens or how this kind of diet affects the maxillar-
ies or the alveolus following tooth extraction in
humans or experimental animals.

The mechanism by which high sucrose diet negative-
ly affects bone metabolism is still unclear. It has been
reported that it might cause glucose-intolerance and
hyperinsulinemia, which indirectly produce deleteri-
ous effects on the bone's. The consequences of this
kind of diet on calcium absorption, bone calcium
content and bone mechanical properties are still a
matter of controversy.

The aims of this study were to assess and quanti-
fy the effects produced by a high sucrose diet on
bone tissue by means of a histomorphometric
study of the osteocyte lacunae in the bone tissue,
surface areas of bone undergoing resorption and
new formation, and quantity of osteocytes and
empty lacunae per mm? during alveolar wound
healing following tooth extraction in rats.

MATERIALS AND METHODS

Forty-two Wistar rats of both sexes were fed on the
same standard feed from birth to weaning (21 days),
after which they were divided into two groups of
21, a control group and an experimental group. The
control group was fed a standard balanced diet
(Gepsa Feeds, Grupo Pilar, Bs. As., Argentina) and
the experimental group was fed a modified Stephan
Harris diet!¢ with high sucrose content (43%). Each
group comprised four sub-groups of 5 rats (3
females and 2 males), to be killed at 14, 28, 60 and
120 days, plus one rat to be killed at 0 hours.

The food for the experimental group was prepared
once a week because it did not contain any preserva-
tives. The ingredients and quantities were strictly con-
trolled. Food and water were provided ad libitum.
The rats were identified according to group. For the
extractions they were given an intra-peritoneal
injection of 8 mg/100g ketamine chlorhydrate
(Ketalar®, Parke Davis, Morris Plains, NJ) and 1.28
mg/100g xylazine (Rompun®, Bayer, Leverkusen,
Germany). The treatment area was disinfected with
0.12% chlorhexidine digluconate solution!’.

Right and left lower first molars were extracted
using a dental explorer as an extraction elevator
after peeling back the soft tissues, and a mosquito
clamp to complete the extraction'®!°.

Rats were euthanized at 0 hours, 14, 28, 60 and 120
days by anesthetizing with ketamine chlorhydrate
plus xylacine and perfusion with 10% buffered
formalin.

The whole lower maxillary was extracted, a sagittal
section was performed at its mid-point and the
pieces were preserved in formalin at 4° C for 24
hours?.

The right half was decalcified in EDTA at neutral
pH for +/- 30 days, with radiographic control of the
process. Samples were embedded in paraffin and
10 serial sections, ons 5 to 7 um thick, were cut on
a plane across the alveolus zone corresponding to
two of the roots of the extracted molar — a modifi-
cation of the original experimental model by
Guglielmotti et al.?! in which the section was
obtained at the level of the mesial root of the
extracted molar. The sections were stained with
hematoxylin/eosin and the following parameters
measured under conventional optical microscopy
(Olympus BX 50F4): total lacuna area, lacuna
perimeter, quantity of empty lacunae per mm? and
bone surfaces.
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Histomorphometry

Eight to 10 microscope images at 40X were digi-
talized from each case and at least 50 true lacunae
were taken randomly, following a zigzag pat-
tern?>2. Areas of 18861 um? were evaluated using
the Image Pro Plus program. The microscope-
camera optical system was calibrated for each
objective with a micro-rule ( Carl Zeiss). The area
of the complete lacunae (without canalicular pro-
jections) was measured directly using the image
analyzer. Uncomplete and empty lacunae were
avoided.(Fig. 1).

Empty lacunae were counted using 40X images and
with relation to the number of osteocytes per mm?.

Bone surfaces

In order to measure the percentages of bone quies-
cence, new formation and resorption, the alveolar
area corresponding to the bisector of the angle
formed between the external cortical wall and a
horizontal line passing through the roof of the
mandibular canal was considered.'”!® The images
were digitalized at 20X and the areas were marked
manually, considering the following histological
parameters:

Quiescent surface: smooth bone surface with inac-
tive atrophic-looking osteoblasts attached to the
bone wall (Fig. 2).

Area undergoing new formation: surface of bone
tissue with a lining of osteoid material and hyper-
trophic osteoblasts attached to it (Fig. 3).
Resorption area: eroded bone surface with How-
ship’s lacunae, with or without osteoclasts (Fig. 4).
Results were statistically evaluated by means Stu-
dent’s T-test for mean areas of osteocyte lacunae,
Chi Square for Areas of bone remodeling and
Mann Whitney’s test for quantity of empty lacu-
nae per mm?.

RESULTS

Histomorphometric analysis

Morphological differences in the osteocyte lacunae
were observed between groups at different times.
The ones in the experimental group were more
irregular, rounded and larger than those in the con-
trol group. Significant differences were found in
mean areas at 28 and 60 days (Figs. 5, 6, 7 and 8).
Table 1 shows the mean values for each group at all
times. They were analyzed using Student’s test,
considering p<0.05 as significant.

Fig. 1B: The same slide with lacunae selected semi-automati-
cally for measurement.(hematoxylin/eosin — 40X).

Fig. 2: Quiescent area with osteoblasts of atrophic appearance
on the bone surface.(Hematoxylin/eosin — 40X).
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Fig. 3: Area of newly formed bone with hypertrophic osteoblasts
and osteoid.(Hematoxylin/eosin — 40X).

Fig. 4: Resorption area with Howship s lacunae.

(Hematoxylin/eosin — 40X).

Fig. 5: Control at 28 days: the bone tissue has an orderly
arrangement with clearly outlined, elliptical osteocyte lacunae
of normal size containing osteocytes. (Hematoxylin/eosin — 40X).

Fig. 6: Control at 60 days: osteocyte lacunae maintain their shape
and are smaller than in controls at 28 days due to the change in
the maturity of the bone tissue, which has basophilic lines of inver-
sion and more compact appearance. (Hematoxylin/eosin — 40X).

Fig. 7: Experimental at 28 days: inverse lines showing intensive
bone remodeling; lacunae more irregular but clearly outlined

and larger than in the controls. (Hematoxylin/eosin — 40X).

Fig. 8: Experimental at 60 days. Bone tissue with disorganized appear-
ance, lacunae clearly larger than in controls, outlines poorly defined
and morphology becomes irregular: (Hematoxylin/eosin — 40X).

Acta Odontol. Latinoam. 2013

ISSN 0326-4815

Vol. 26 N2 2 /2013 / 97-103



Alveolar Wound Healing and Sucrose Diet

101

Table 1: Mean areas and quantity of lacunae measured.

Time 14 days 28 days 60 days 120 days
Control  Experimental  Control  Experimental  Control  Experimental  Control  Experimental

N:5 N:5 N:5 N:5 N:5 N:5 N:5 N:5

Mean area (um?) 54.0 5848 48.4 52.6 43.3 46.6 46.0 46.7

Standard error 1.1 1.2 1.4 1.2 0.9 1.0 1.1 1.0

Mean deviation 19.97 21.09 25.31 21.06 16.20 17.75 19.53 18.08

Maximum 134.4 148.5 2243 142.9 103.4 140.7 128.8 117.3

Minimum 16.6 18.7 13.3 16.6 13.2 14.0 11.5 9.5

Lacunae measured (n) 353 329 337 327 329 314 338 328

P value= 0.56 0.02* 0.01* 0.62

(*) p<0.05

Analysis of number of osteocytes

and empty lacunae per mm?

Empty lacunae were found at all study times in both
groups (Fig. 9). The difference between experimen-
tal and control animals regarding quantity of empty
lacunae compared to number of osteocytes per mm?
was significant at 14 days. The values were con-
trasted by the Mann Whitney non-parametric test.
Quantity of osteocytes per mm? was higher in the
control group than in the experimental group at all
times. Table 2 provides all values.

Analysis of bone surface areas

Percentages of areas with bone remodeling and dif-
ferent times were contrasted using the Chi-square
test, but no significant difference was found.

DISCUSSION

Different studies have described the noxious effects
on bone tissue of excessive sucrose intake?*. Tjéder-
hane et al. ' explain that all mineralized tissues are

affected by sucrose intake. Our study shows nega-
tive effects on the quality of newly formed bone in
the alveolus following tooth extraction in animals
fed on a diet containing 43% sucrose.

Fig. 9: Microphotograph of an experimental case showing pres-
ence of several empty lacunae. (Hematoxylin/eosin — 40X).

Table 2: Quantity of empty lacunae with relation to quantity of osteocytes per mm?2.

Quantity of osteocytes per mm?

Mann Whitney’s Test Empty lacunae per mm?

Time Mean value Statistical contrast Mean value Statistical significance
Control Experimental Control Experimental
N:20 N:20 N:20 N:20

14 days 1643 1591 14 days 65 113 0.04 *p < 0.05
28 days 1651 1395 28 days 88 107 0.08 Non sig.
60 days 1392 1390 60 days 122 101 0.20 Non sig.
120 days 1395 1391 120 days 72 80 0.82 Non sig.
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Alveolar bone wound healing provides a sustainable
model for studying bone formation in rats and may be
considered a sensitive indicator of bone formation in
normal conditions, as reported by Guglielmotti and
Cabrini 2! and Devlin'®, and under other conditions, as
reported by Gorustovich (2004, 2008)!7-2° for alveolar
bone histomorphometry with boron-deficient diet.
Some histological analyses suggest that at 21 days of
alveolar wound healing the alveolus is occupied by a
thin network of trabecular bone 2. Elsubeihi 2 reports
that the process ends in the eighth week. However,
Guglielmotti et al.?” report maximum reticular bone
formation and maximum alveolar volume at 14 days
after extraction, young bone formation at 30 days and
mature laminar bone alveolar filling at 60 days, by
quantifying the alveolar response with an image ana-
lyzer. Our study agrees with this but follows bone for-
mation and maturation up to 120 days, when bone
sclerosis is very noticeable in the experimental cases.
Studies by Hara et al.?® and Lockwood # on high
sucrose diets and by Van Schothorst * on a high
lipids diet, showed that these kinds of diet produce
hyperinsulinemia, resistance to insulin and increase
in plasma glucose levels. Holl and Allen?! reported
that sucrose intake increases urinary excretion of
calcium, sodium and zinc, with renal inhibition of
calcium resorption. Clemens and Karsenty 32 report-
ed that the osteoblast is an important target of
insulin for controlling whole-body glucose home-
ostasis and regulating the osteocalcin activation
mechanism to produce bone resorption.

The size of osteocyte lacunae may increase due to
various factors. Ferreyra et al.’3 showed enlarged per-
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