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Thisstudy performed ahistological analysis of the effect of formocresol associated to endotoxin (L PS) in the subcutaneous connective
tissue of mice. Ninety mice were randomly assigned to 3 groups (n=30). Each animal received one plastic tube implant containing
endotoxin solution (10 mg/mL), formocresol (origina formula) or a mixture of endotoxin and formocresol. The endotoxin and
formocresol groups served as controls. The periods of analysis were 7, 15 and 30 days. At each experimental period, tissue samples
were collected and submitted to routine processing for histological analysis. Endotoxin and formocresol produced necrosisand chronic
inflammation at 7 and 15 days. At 30 days, the endotoxin group showed no necrosis, whilein the formocresol group necrosis persisted.
The formocresol -endotoxin association produced necrosis and chronic inflammation in the same way as observed with formocresol at
al experimental periods. In conclusion, formocresol seemsnot to be ableto inactive thetoxic effects of endotoxinin connectivetissues.
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INTRODUCTION

Gram-negative bacteria can often be found in
infected root canal swith necrotic pul psand may play an
important rolein the development of periapical lesions,
bone resorption and signs and symptoms of endodontic
pathosis(1-4). Thesebacteriahave cytoplasmatic mem-
branes and cell walls formed by proteins, lipoproteins
and lipopolysaccharides called LPS or endotoxin. En-
dotoxinisreleased whenthecell wallsof gram-negative
bacteria undergo lysis or during duplication (5). They
are capable of triggering several biological responses,
such as complement system activation, which en-
hancesvascular permeability, causesvasodilatation and
attracts polymorphonuclear leukocytes and macroph-
ages chemotactically (6-8). Primary teeth with pulp
necrosis also present these bacteria.

A retrospective human study has proposed
formocresol for endodontic treatment in pediatric den-
tistry even for vital and non-vital pulp and this material
has reached successful results in clinical and radio-
graphic investigations (9,10), being recommended for
primary endodontic treatment by the International Clini-
cal Guidelinesin Pediatric Dentistry (11,12).

Formocresol hasantimicrobial andfixative prop-
ertiesthat preserve periapical integrity. However, com-
ponents of formocresol formulation, especially formal-
dehyde, have controversial properties, beingimplicated
intheoccurrence of periapical changes, alteration of the
healing process, systemic distribution in animal organs
and mutagenic effects (13-17).

Considering that formocresol has been success-
fully used for the endodontic treatment of primary teeth
withroot canal infection by gram-negativebacteria, this
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study performed a histological analysis of the effect of
formocresol associated to endotoxin (LPS) in the sub-
cutaneous connective tissue of mice.

MATERIAL AND METHODS

The research proposal was independently re-
viewed by the institutional Ethicsin Animal Research
Committee and the study design was approved. The
ethical guidelinesfrom the NIH Guidefor the Care and
Useof Laboratory Animalswerefollowed. Thenumber
of animals and the duration of the experiment were in
agreement with the recommended standard practices
for biological evaluation of dental materials (18).

Ninety malemice (Musmuscullusalbinus) weigh-
ing 30 to 40 g were selected and housed in individual
cages at room temperature with free access to water
and food throughout the course of the study. The
animals were randomly assigned to 3 groups (n=30),
each of them receiving plastic tube implants containing
one of the tested materials: endotoxin solution (10 mg/
mL), formocresol (original formula) or endotoxin/
formocresol mixture.

A bacterial endotoxin (LPS) obtained from lyo-
philized Escherichia coli (Serotype 055:B5) extract
(Sigma-Aldrich Sigma Chemica Co., St. Louis, MO,
USA) was used. The endotoxin was dissolved in sterile
buffered phosphate saline sol ution to aconcentration of
10 mg/mL (1). This solution was divided in 5 portions
of 1 mL of endotoxin that were stored in Eppendorf
tubes. The endotoxin-formocresol mixture was ob-
tained by adding 1 mL of formocresol (Sultan Chemists,
Inc., Englewood, NJ, USA) to one of the Eppendorf
tubes containing 1 mL of endotoxin. The materials
under study were placed into sterile plastic tubesto be
implanted in the subcutaneous connective tissue of the
mice. The plastic tubes (2 mm inner diameter; 1 cm
high) had one of their sides closed with a heated
instrument and were autoclaved before use.

For implantation of the tubes containing the
material s, the mice were anesthetized with an intraperi-
toneal injection of sodium thiopental (Thionembutal;
Abbot Laboratories, Chicago, IL, USA; 40 mg/kg) at a
doseof 0.2 mL/100 g body weight. Antisepsisof thesite
of implantation was done with iodated alcohol. A 1-cm
long incision was made along the lumbar region of the
dorsal skin, which was separated with scissors and the
plastic tube with the material was implanted in the

subcutaneous connective tissue. The plastic tube was
placed parallel tothelong axisof theanimal’ sbody, with
the open edge turned to the cervical region (Fig. 1).

The animals were sacrificed by anesthetic over-
dose7, 15and 30 daysafter implant placement. Theskin
with the tube was excised, spread apart with filter paper
andfixed for 24 hin phosphate-buffered formalin. After
fixation, the tissue was embedded in paraffin and
submitted to routine processing for histological analy-
sis. The plastic tube was removed and the tube space
was filled with paraffin. The paraffin-embedded tissue
blockswere serially sectioned into 6-pum-thick sections
that were stained with hematoxylin and eosin, and
Masson's Trichrome.

Histological analysiswas performed under light
microscopy, using the following criteria to determine
tissue reaction. Mild Tissue Reaction: 2 weeks after
implantation, the connective tissue was well organized
with no inflammatory reaction in the region in contact
with the material at the tube ends and along its midsec-
tion; Moderate Tissue Reaction: 2 weeks after implan-
tation, someinflammatory cellswere present at thetube
ends and none was found along its midsection. The
connective tissue adjacent to the test materia structur-
ally preserved, but presented | eukocytes (noremarkable
accumulation), lymphocytes, plasma cells, macroph-
ages and occasional foreign body cells; Severe Tissue
Reaction: 2 weeks after implantation, differentiated

Figure 1. Plastic tube with the test material being implanted into
the subcutaneous connective tissue of a mouse.
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tissue reaction was found at the tube ends and fibrous
inflamed tissue along its midsection. Tissue at the tube
ends had lost its structure and showed an accumulation
of neutrophil leukocytes and lymphocytes (18).

RESULTS
Endotoxin

At the 7th and 15th day, the connective tissue
showed severetissuereaction. A liquid necrosis associ-
ated with acute inflammatory areas was seen, with
neutrophil infiltrate, mononuclear cells and vascular
dilatation with hemorrhage (Figs. 2A,B). At the 30th
day, there was no necrosis, and tissues showed chronic
inflammation with polymorphonuclear and mononuclear
cellssurrounded by granulation tissue. Thisgranulation
tissue had proliferation of fibrous and vascular struc-
turesthat were associated with the healing process, and
severe tissue reaction was observed (Fig. 2C).

Formocresol
Formocresol promoted a coagulation necrosis

associated to the inflammation process with mono-
nuclear cellsand dilatation of the vesselswith fibril new

-

formation at the 7th day (Fig. 3A). At the 15th day, the
cell picture was similar but, at this time, the tissue
showed negative areas uncovered by fibrotic tissue,
probably caused by material vapors (Fig. 3B). At the
30th day, the negative areas decreased, but necrosisand
inflammation persisted. This group showed severe
tissue reactionin all experimental periods (Fig. 3C).

Endotoxin/Formocresol

This group showed a combination of events. At
the 7th day, the tissue showed liquid necrosis with
negative areas surrounded by reactivetissue (Fig. 4A).
At 15 days, thetissue showed no negative areas, but the
necrosis was persistent and surrounded by fibrous
tissue (Fig. 4B). At the 30th day, necrosis decreased,
but was still persistent. The necrotic areas were
covered by small inflammatory tissue areas and associ-
ated to a large fibrous tissue, indicating an ongoing
healing process (Fig. 4C). This group also showed
severetissuereaction in all experimental periods.

DISCUSSION

Endotoxin is a cell wall component of gram-
negative bacteria. It is released when these bacteria

L
5

Figure 2. Endotoxin. A (7 days): Liquid necrosis associated to an acute inflammatory process (x400). B (15 days): Necrosis with an
associated acute inflammatory process (x400). C (30 days): Chronic inflammation with no areas of necrosis (x400).
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Figure 3. Formocresol. A (7 days): Coagulation necrosis associated to an acute inflammatory process (x600). B (15 days): Coagulation
necrosiswithinflammation and negativeareas(x400). C (30 days): Coagulation necrosiswithinflammationand small negativeareas(x600).
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Figure4. Endotoxin/Formocresol. A (7 days): Liquid necrosiswith negativeareassurrounded by reactivetissue (x400). B (15days): Necrosis
surrounded by fibrous tissue (x400). C (30 days): Small necrosis and inflammeation areas associated to alarge fibrous tissue area (x400).

duplicate or die. Endotoxin is composed of three re-  ages and neutrophils, thus releasing some chemical
gions: core, O-chainandlipid A, thetoxicportionof the ~ mediators, interleukins (IL-1, IL-1, IL-6, IL-8) and
molecule. Several studies have demonstrated that en-  tumor necrosis factor (TNF). It can aso activate the
dotoxin can activate inflammatory cells like macroph- classic and alternate pathway of the complement and
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aracdonic acid cycle(2,6-8,19). Thetoxic effects of the
endotoxin are dose-dependent, and endotoxin reactions
have been shown at different concentrations. In this
study, 10 mg/mL were used, which isthe same concen-
tration used by Dahlén (1).

The necrosis and acute inflammation promoted
by the endotoxin in the 7- and 15-day periods can be
explained by the irritating action of this material on
biological tissues, activating cell responses by the re-
lease of chemical mediators. On the 30th day, thetissue
showed chronic inflammation and no necrosis, thus
indicating an ongoing healing process. Munford and Hall
(20) demonstrated that the toxicity caused by li-
popolysaccharides is reduced by enzymatic activity in
human neutrophils (acyloxyacyl hydrolysis). This en-
zyme removes fatty acid chains that are linked to the
hydroxyl groups and reduces the bioactive lipid A
moiety of the lipopolysaccharides.

Formocresol isapopular endodontic material in
pediatric dentistry. The use of this substance has been
taught at dental schools worldwide because of its
clinical and radiographic success (10). Nevertheless,
severa investigations (13-17) have also demonstrated
that formocresol produces toxic effect in connective
tissue, probably because of the presence of formalde-
hyde in its formulation.

The findings of the present study showed that
formocresol promoted necrosisand inflammatory reac-
tions in the connective tissue at the earlier period, and
that, at 15 days, the same features were observed in
addition to negative areas surrounded by fibrotic tissue.
At the 30th day, the tissue still showed necrosis,
inflammation and negative areas, but was al these
events were milder. These findings agree with those of
Looset a. (15) and Yamasdli et a. (16), who demon-
strated that formocresol promoted damage and delayed
the healing process.

In conclusion, combination of formocresol and
endotoxin produced the same toxic effects seen with
formocresol and endotoxin aone, with necrosis, acute
inflammation and negative areas at the 7- and 15-day
periods. At 30 days, the necrotic areaswere smaller and
the connective tissue showed fibrosis. The presence of
necrosis in the latest period of the formocresol/endot-
oxin group and its absence in the endotoxin group
showed that the formocresol delayed the healing pro-
cess and that formocresol seems not to be able to
inactive the toxic effects promoted by endotoxin.
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RESUMO

O objetivo deste estudo foi avaliar histologicamente o efeito da
associagdo do formocresol com endotoxina (LPS) em tecido
conjuntivo de camundongos. Noventa camundongos foram
divididos em trés grupos de 30 camundongos cada. Cada
camundongo recebeu um implante subcuténeo de tubo pléastico
contendo solucdo deendotoxina(10 mg/ml), formocresol (formula
original), ou uma mistura de formocresol com endotoxina. Os
grupos da endotoxina e formocresol foram considerados grupos
controle. Os periodos de andlise foram 7, 15 e 30 dias. Apds 0s
periodosexperimentais, ostecidosforam removidosesubmetidos
aprocessamento histolégico. Os resultados obtidos indicam que
a endotoxina e o formocresol produzem necrose e inflamagéo
tecidual crénicaaos7 e 15 diaseaos30diaso grupo daendotoxina
ndo mostrava necrose e no grupo do formocresol a necrose
persistiu. A combinagdo formocresol e endotoxina mostrou ne-
crose e inflamagdo crénica com resultados semelhantes ao do
grupo formocresol paratodos os periodos experimentais. Pode-
seconcluir que o formocresol parece ndo ser capaz deinativar os
efeitostoxicos daendotoxina.
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