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INTRODUCTION

ABSTRACT: The aim of this study was to show the technique and the methodological approach used in describing
histological characteristics of induced periodontal disease in rats. To reach that inflammatory process, periodontal
disease was induced by ligature, with or without sucrose-rich diet. Twenty-four female adult (60 days old) Wistar rats
were divided in four groups: Group 1, or control (which received standard diet), Group 2 (which received ligature
around the upper second molars and a standard diet), Group 3 (which received a sucrose-rich diet), and Group 4
(which received ligature around the upper second molars and a sucrose-rich diet). The animals were followed for a pe-
riod of 30 days, after which they were sacrificed. The upper second molars were removed, processed, and the
histological characteristics were analyzed by a descriptive dichotomous method. The results were analyzed by the
Fisher’s exact test (significance level of 95%) and by a residual test, which showed the relation between groups and
histological characteristics. The animals which received ligature (Groups 2 and 4) showed histological characteristics
related with periodontitis, whilst the animals without ligatures showed no periodontal destruction. This was shown by
a distribution of these groups in extremes of a graphic representation. The use of a ligature, as done in this study, was
able to promote a chronic inflammatory process in the periodontium of rats, regardless of the adopted diet. The corre-
spondence factorial analysis was capable of showing these characteristics, being one more tool to be used in
histological research.

DESCRIPTORS: Factor analysis, statistical, Periodontitis; Ligation; Rats; Histology.

RESUMO: O objetivo do presente estudo foi apresentar a técnica e um método de descrigcao das caracteristicas histologi-
cas da doenca periodontal induzida em ratos. Fez-se inducéao de periodontite com uso de ligaduras, com ou sem dieta
rica em sacarose. Vinte e quatro ratos Wistar fémea adultos (60 dias) foram divididos em quatro grupos: Grupo 1, ou
controle (recebeu dieta padrao), Grupo 2 (recebeu ligadura ao redor dos segundos molares superiores e dieta padrao),
Grupo 3 (recebeu dieta rica em sacarose) e Grupo 4 (recebeu ligadura ao redor dos segundos molares superiores e die-
ta rica em sacarose). Os animais foram acompanhados por um periodo de 30 dias, ao final do qual foram sacrificados.
Os segundos molares superiores foram removidos e processados; fez-se analise histolégica por método descritivo, di-
cotémico. Os resultados foram analisados pelo teste exato de Fisher (nivel de significancia de 95%) e pelo teste do resi-
duo, que mostrou a relagao entre grupos e caracteristicas histolégicas. Os animais com ligadura (Grupos 2 e 4) mos-
traram caracteristicas histologicas de periodontite, enquanto animais sem ligaduras nao apresentaram sinais de
destruicao periodontal. O uso de ligaduras, no presente estudo, foi capaz de promover processo inflamatério cronico
nos ratos, independentemente do tipo de dieta. A analise fatorial de correspondéncia serviu como método para mostrar
tais caracteristicas, sendo mais uma ferramenta para uso em pesquisa basica.

DESCRITORES: Analise fatorial; Periodontite; Ligadura; Ratos; Histologia.

Periodontal diseases are inflammatory pro-
cesses caused by bacterial infection, which pro-
mote an orchestrated sequential host response®".

The prevalence of periodontal diseases, among dif-
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ferent world populations, is high and has an im-
portant impact in oral health programs. Since
people tend to live longer, and to retain their teeth
until older ages, a greater occurrence of periodon-
titis may be expected.
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Experimental animal models have been propo-
sed for the study of periodontal diseases. Two dif-
ferent main types of periodontal diseases have
been thoroughly studied: gingivitis and periodon-
titis'?. Rodents are very often used for those pur-
poses*>o7 1011314116 More precisely, rats are use-
ful in the study of periodontal diseases for offering
some advantages such as price, handling and ot-
hers. The microbiological evaluation is achievable
and histological examination is possible®'. In ad-
dition, the clinical, radiographic and histological
aspects of periodontal diseases in rats are somew-
hat similar to those observed in humans. Histolo-
gically, some pathological changes as ulceration,
apical migration of epithelial attachment and in-
flammatory infiltrate can be recognized. Collagen
fiber destruction and osteoclastic activity can also
be observed®'°. Induction of periodontal disease in
rats has been mainly performed by three path-
ways: (i) inoculation of periodontopathogens,
which has been extensively studied, having the fe-
atures of a single infection, somewhat different
from what occurs in humans'; (ii) placement of a
ligature around the cervix of the tooth, which ena-
bles subgingival microorganisms to accumula
teH®"13151% and (iii) feeding the animals with a su-
pragingival plaque-promoting soft diet, in order to
naturally accumulate supragingival plaque on the
dentogingival area®'’. The ligature without the
presence of bacteria, in germ-free rats or with the
use of antibiotic, cannot induce periodontal des-
truction>'.

Some authors®”'* have observed presence of de-
bris, inflammatory infiltrate, attachment loss and
alveolar bone destruction in rats with ligature-in-
duced periodontitis.

Sucrose-rich diet with the purpose of inducing
periodontal diseases — gingivitis and periodontitis
— has been the model used by Pilatti, Sampaio'’
(1997), who found signs of gingival inflammation,
and by Offenbacher et al’ (1998), who demonstra-
ted histological features of periodontitis.

Calibration and blindness of the examiner and
the use of objective histological criteria are somew-
hat important to guarantee a reliable descriptive
histology®. It would be interesting if the experimen-
tal studies of induced periodontal disease in rats
showed appropriate descriptions of the technique
used to induce it, and especially analyze the des-
criptive pattern of the histological conditions.

Thus, the aim of the present study was to
describe the histological features of periodontal
tissues in rats with ligature, being or not fed with
sucrose-rich diet, and to show the use of corres-

pondence factorial analysis on descriptive histolo-
gical studies of induced periodontal diseases in
rats.

MATERIAL AND METHODS
Description of the sample

Twenty-four experimentally naive adult female
Wistar rats (60 days old; weighing 144-170 g) were
divided in four equal experimental groups. They
were maintained in a controlled environment
(lights on between 07:00 a.m. and 07:00 p.m.,
temperature of 22 * 2°C) for at least 1 week before
and throughout the experimental period. Food and
water were available ad libitum.

Experimental groups

* Group 1 (control). The animals received stan-
dard rat lab chow and water.

* Group 2 (ligature-induced periodontal disease).
Cotton ligatures were placed around the second
upper molars and the animals received stan-
dard rat lab chow and water.

* Group 3 (sucrose-rich diet). The rats received
soft sucrose-rich chow and water.

* Group 4 (ligature-induced periodontal disease
plus sucrose-rich diet). The animals in this
group had cotton ligatures placed around the
second upper molars and received sucrose-rich
chow and water.

Procedures for induction of periodontal diseases

The twelve rats of Groups 2 and 4 had a cotton
ligature placed around the second upper molars,
with the aim of accumulating plaque and develo-
ping periodontitis®.

The placement of the ligature was done with ge-
neral anesthesia. All the rats (including animals
from Groups 1 and 3, which did not receive ligatu-
re placement) were anesthetized with sodium thio-
pental (50 mg/kg of body weight, IP).

Using two Castro-Viejo needle holders, the liga-
ture was introduced in the proximal spaces sur-
rounding the tooth and two knots were done on the
palatal surface. The ligatures were kept during 30
days and checking of their presence was done once
a week. If any had been lost, it was replaced.

Diet

Standard lab chow (Supra®, Alisul, Maringa, Pa-
randa, Brazil) fed rats from Groups 1 and 3. Rats
from Groups 2 and 4 received a sucrose-rich diet,
composed of 53% sucrose, 30% dry milk with vita-
mins (Nestlé”, Leite Ninho, Dairy Partners Ameri-
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can Manufacturing Brazil Ltda., [tuiuba, MG, Bra-
zil), 14% standard powder chow, 2% mineral salts
and 1% proteins. This diet was soft to prevent from
self cleaning during mastication'.

Histological procedures

After 30 days of periodontal disease induction,
the rats were sacrificed (under general anesthesia
with ether), the maxillae were removed, fixed, de-
calcified with 5% nitric acid, and sectioned serially
in the mesiodistal direction. The 5 mm sections
were stained with hematoxylin and eosin.

Descriptive histological analysis was carried
out by a trained examiner who was blind to the
groups. The histological features of 220 histo-
logical pieces (60 from each of Groups 1 and 2, 50
from each of Groups 3 and 4) were evaluated in the
light microscope. The analysis was based on 18 di-
chotomous histological characteristics, shown in
Table 1.

The histological sections were photographed
using an Examet camera, model PES-A-35, Union
Optical Co Ltd, Tokyo, Japan, with a colorful 100

TABLE 1 - Dichotomous histological characteristics.

wings film, 35 mm - Kodak (Kodak da Amazodnia
Indtstria e Comérico Ltda., Manaus, AM, Brazil).

Ethical considerations

This project was submitted to and accepted by
the registered Ethics Committees of the institu-
tions involved.

Statistical analysis

The statistical analysis was done using corres-
pondence analysis. The groups were compared for
each histological characteristic using the Pearson
chi-square test or the Fisher’s exact test, using the
exact test procedures of the SPSS 8.0, for Win-
dows. Also the adjusted residuals for the contin-
gency tables were obtained and interpreted®. All
tests were done by the software SPSS (SPSS Inc.,
Chicago, IL, USA).

RESULTS

One animal from Group 3 and one from Group 4
were lost during the experiment.

Histological characteristic

Histological condition

C1 |Junctional epithelium

Apica migration / standard dimensions

C2 | Supragingival connective tissue cells

Standard quantity / overabundance

C3 | Supragingival connective tissue vessels

Standard quantity / overabundance

C4 | Supracrestal periodontal ligament fibers

Dense/ loose

5 flammatory cells and blood vessels

Supracrestal periodontal ligament fibersin relationtoin-

Standard quantity / overabundance

C6 |Alveolar bone crest

Regular shape/ irregular shape

C7 | Alveolar bone crest

Presence / absence of Howship's lacunae

C8 | Alveolar bone crest

Presence/ absence of clastic cells

C9 |Alveolar bone crest

Presence/ absence of blastic cells

C10 | Boneinsertion

Presence / absence of Howship's lacunae

C11 |Boneinsertion

Presence/ absence of clastic cells

C12 |Boneinsertion

Presence/ absence of blastic cells

C13 | Periodontal ligament cells

Standard quantity / overabundance

C14 |Periodontal ligament vessels

Standard quantity / overabundance

C15 |Periodontal ligament fibers

Dense/ loose

C16 | Root cementum

Presence / absence of Howship's lacunae

C17 | Root cementum

Presence/ absence of clastic cells

C18 | Bone sequestrum

Presence/ absence
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Figure 1 shows histological sections of each of
the groups in the study.

It was observed that all rats from Groups 1 and
3 (without ligature) showed intact junctional epi-
thelium, with normal conformation. On the other
hand, the rats from Groups 2 and 4 (with ligature)
showed ruptured junctional epithelium, with flat-
tened conformation and pegs. All rats from
Groups 1 and 3 showed standard dimensions of
junctional epithelium, standard quantity of con-
nective tissue cells and blood vessels, dense
supracrestal and periodontal ligament fibers, reg-
ular alveolar bone crest, standard quantity of
periodontal ligament cells, and absence of
Howship’s lacunae in cementum, showing also
standard quantity of periodontal ligament vessels,
cells and vessels around supracrestal fibers, ab-
sence of alveolar bone crest, bone insertion, clasts
in cementum, and sequestrum, as shown in Ta-
ble 2. All rats from Groups 2 and 4 showed long
junctional epithelium, overabundance of connec-
tive tissue cells and blood vessels, loose
supracrestal and ligament fibers, irregular alveo-
lar bone crest, overabundance of periodontal liga-
ment cells, and presence of Howship’s lacunae in
cementum. The majority showed overabundance
of periodontal ligament vessels, cells and vessels
around supracrestal fibers, presence of alveolar
bone crest, bone insertion, clasts in cementum,
and sequestrum, as shown in Table 2 (Fisher’s ex-
act test, p < 0.01).

Figure 2 shows graphically the results of corre-
spondence analysis. The variables were distrib-
uted in two extremes, so that histologically normal
tissue characteristics are concentrated on the

right side of the graphic, whilst the characteristics
of inflammatory tissue are concentrated on the
other side of the graphic.

In Figure 2, we may observe that the groups are
also distributed in two different extremes of the
graphic. Animals from Groups 1 and 3 are on the
right side of the graphic, while animals from
Groups 2 and 4 are on the opposite side. The vari-
ables for non-destroyed tissue are related to
Groups 1 and 3. The variables for destroyed tissue
are related to Groups 2 and 4.

DISCUSSION

In this study, Groups 2 and 4 (ligature; ligature
and sucrose-rich diet) showed histological charac-
teristics of periodontitis. There were rupture and
presence of apical migration of the junctional epi-
thelium, profuse inflammatory cells and vessels in
the connective tissues, loose periodontal ligament
fibers, alveolar bone resorption, cementum rup-
ture, and occasionally the presence of bone
sequestrum. These features were also shown by
other authors*>"'31>1°,

Two previous studies suggested that inflam-
matory processes induced by ligature are caused
by microbial infection. Rovin et al.”® (1966) obser-
ved that the use of ligature in germ-free rats was
not capable of developing periodontal diseases.
Sallay et al.'* (1982) did not see periodontal des-
truction when ligature was combined with antibi-
otics.

In this study, the sucrose-rich diet used with no
ligatures was not capable of promoting more in-
flammation than that seen in the control group.
This finding is different from what was observed by

FIGURE 1 - Proximal area of upper second molar (H. E. 100 X). A: Group 1, control; B:
Group 2, ligature; C: Group 3, sucrose rich-diet. D: Group 4, sucrose-rich diet and ligature.

59



Galvao MP de A, Chapper A, Rosing CK, Ferreira MBC, Souza MAL de. Methodological considerations on descriptive studies of indu-
ced periodontal diseases in rats. Pesqui Odontol Bras 2003;17(1):56-62.

TABLE 2 - Histological characteristics according to the groups evaluated (percentage of animals in parenthesis).

Group 1 Group 2 Group 3 Group 4
Characteristics (control) (ligature) (sucrose diet) (ligature plus sucrose diet)
n=6 n=6 n=5 n=5
Cells and vessels around supra- Standard Overabundant Standard Overabundant
crestal fibers, quantity (C5) (100%) (100%) (80%) (100%)
Alveolar bone crest — Howship's Absent Present Absent Present
lacunae (C7) (100%) (100%) (66.66%) (60%)
Absent Present Absent Present
Alveolar bone crest — clasts (C8) (100%) (100%) (100%) (80%)
Bone insertion — Howship’ s lacu- Absent Present Absent Present
nae (C10) (100%) (100%) (100%) (60%)
. : Absent Present Absent Present
Bone insertion —clasts (C11) (100%) (100%) (66.66%) (80%)
. : Absent Present Absent Present
Bone insertion — blasts (C12) (83.33%) (100%) (80%) (100%)
Periodontal ligament vessels— Standard Overabundant Standard Overabundant
quantity (C13) (83.33%) (100%) (80%) (100%)
Absent Present Absent Present
Cementum —clasts (C17) (100%) (100%) (100%) (60%)

Offenbacher et al’ (1998) and Pilatti, Sampaio"
(1997). Anyhow, the presence of some level of in-
flammation might be an indication of the response
to the constant challenge by bacteria that normally
colonize the sulci.

In the present work, a period of 30 days for
periodontal disease induction was used. During
this period, the ligatures were maintained around
the molars, acting as a local irritant. Based on the
histological sections, it was observed that 30 days
of induction were enough to promote inflammation
and periodontal destruction. It was found that 49
days of periodontitis induction by the presence of a
nylon ligature were necessary to promote osteo-
clastic action®. After 63 days, apical migration of
junctional epithelium was seen. Signs of inflam-
mation, lymphocytes and epithelium hiperplasia
after 8 days of ligature insertion were observed®.
Johnson® (1975) observed alveolar bone crest re-
sorption and inflammatory infiltrate within 17
days of insertion of a silk ligature. The presence of
moderate inflammatory infiltrate was found 3 days
after the insertion of the ligature’.

The statistical analysis by the residual and
Fisher’s exact tests, Monte Carlo method, repre-
sented graphically by the factorial correspondence
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analysis, showed the clear distribution of inflam-
matory and especially periodontal destruction fea-
tures related to the presence of ligatures. Few ani-
mals from Group 1 and 3 showed some blast cells
and clast cells, which may not be related to inflam-
mation, but may be related to the physiological
plastic processes of osseous end cementum tis-
sues. The use of correspondence analysis as a tool
to elucidate histological features proved to be in-
teresting when comparing groups. The use of these
tests may help the reader to graphically observe
what is really going on in the tissues. This may be
combined with blindness and calibration of the ex-
aminer, creating better chances of a more objective
view of subjective parameters, which are a great
part of new paradigms in medical research. Corre-
spondence analysis may, thus, be considered a
good method to analyze histological changes.

The use of ligature, as done in this study, was
able to promote periodontitis in rats, regardless of
the diet. The gingiva of the animals fed with su-
crose-rich diet did not differ from that of the con-
trols. The correspondence factorial analysis
seems to be an adequate tool to measure (evalu-
ate) histological characteristics of induced
periodontal diseases.
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> P BP B PP P

Animals from Group 1, control

Animals from Group 2, ligature

Presence of clasts and Howship's lacunae, bone
inzertion and alveolar bone crest.

Howship's lacunae in cementum.

Bone creat with irregular formation, bone insertion
with clasts.

Supracrestals periedontal ligament fibers with
inflammatery calls.

Presence of bone sequestrum.

Connective inflammatory cells and blood vessels in
standard quantity,

Standard quantity of inflammatory cells and blood
vessels of supracrestal and periodontal ligaments.

Alveolar bone crest with normal conformation.

Alveolar bone crest without clasts and Howship's
lacunae.

B>

> B bbb PP PP P

Animals from Group 3, sucrose-rich dist

Animals from Group 4, sucrose-rich diet and ligature
Feriodontal and supracrestals periedontal ligament
fibers loosen and overabundance of inflammatory
cells in periodontal ligament,

Connective blood vessels in overabundance,
Connective inflammatory cells in overabundance.
Appical migration of junctional epithelium.

Bone insertion without blasts,

Mormal dimensions of junctional spithelium, entire
and with normal confermation.

Cementum and bone insertion without clasts.
Insertion bone without Howship's lacunae,
Abzence of hone sequestrum,

Baone insertion with blasts,

FIGURE 2 - Descriptive representation of histologic characteristics of interproximal areas in upper molars of rats from
different groups, by correspondence analysis.
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