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INTRODUCTION

 
Although, the ethical treatment concept of

patients comes since Hippocrates’ age, the idea that
new dental material must be tested safely and efficiently
before clinical use it is much more recent (Anusavice,
2005). The biocompatibility is defined as the ability of
a material exerting specific functions when applied in
contact with living tissue of a particular host, without,
however, causing damage or harm to them (Estrela,
2005).
 

Thus, before inserting a material to replace a
lost tissue, it is needed to know the structure and
function of this tissue as well as the material properties
(Estrela). Many studies have been held to assess the
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ABSTRACT: An important requirement for endodontic paste with antibiotics placed in direct contact with living tissues
is biocompatibility. The aim of this study was to evaluate the paste biocompatibility prepared with zinc oxide (1.25mg),
tetracycline (8mg) and thiamphenicol (26.67mg). The paste and its components were implanted separately through polyethylene
sterile tubes of 10mm in length and 1.3mm in diameter, in the subcutaneous tissue of rats with the experiment control at
intervals of 3, 7, 15 and 30 days. Each day 6 rats were used, being 3 of them with implant of the substances in four sites
placed on the back of the animals and 3 sham animals where it was implanted the polyethylene empty tubes. The experi-
mental animals were anesthetized in an intra-peritoneal way with ketamina and xilazina (0.75ml / g body weight). After the
experimental periods, the animals were anesthetized with the same anesthetic overdose. It was held an excision biopsy of
the implant area with 10 mm to the security limit included in paraffin following a plan of random histological cut and uniformly
isotropic or oriented cuts according to stereological principles, getting a statistical estimative of the relative amount of
inflammatory cells or not on the test system, getting as a result the paste biocompatibility, being the zinc oxide the most toxic
element for the cell quality found.
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tissue response to the dental materials. Takahashi et
al. (2007), analyzed the rat tissue responses of Guedes
Pinto’s paste and calcium hydroxide. Guedes Pinto’s
paste caused small swelling and provided less influence
on the repairing process. Oliveira & Zamperini (2007),
in a biological assessment in connective tissues of rats,
the dental materials used for pulpal protection verified
that all materials were irritating to the connective tissue
in the early periods and Hydical presented better
biological results.
 

The antibiotics combination to dental materials
has began in 1960’s when Shay (1960) analyzed the
use of antibiotics for pulpal vitality conservation.
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Moreover, Perdiza in 1964 evaluated the zinc oxide
combination to cloramphenicol as filling pastes of root
canals and Cappiello (1964), evaluated different
possibilities of achieving the endodontic treatment in
immature teeth, including the use of a paste based on
antibiotics.
 

It is known that remaining bacteria in the root
canals system are a significant factor in the endodontic
therapy failure (Melker et al., 2006), being the
anaerobic gender strict to Fusobacterium, Prevotella,
and Phorphiromas which are prevailing in pulpal and
periapical infections (Tronstad et al., 1990; Baugartner
et al., 1991; Vigil et al., 1997; De Deus, 2002; Sunde
et al., 2002, Desai et al., 2004). Besides, the
anaerobic bacteria can be also found fungal species
on the endodontic injury (da Silva et al., 2000). These
microorganisms when they reach more internal den-
tal areas become inaccessible to the biomechanical
preparation, remaining in this way on the root canals
system after the endodontic treatment. Windley et al.
(2005) have recently tested in vivo and in vitro a pas-
te composed by antimicrobial ciprofloxacin,
metronidazole and minocycline and obtained the
pathogenic microorganisms removal commonly
present in infected root canals. In addition, Barja-
Fidalgo et al. (2007) analyzed the antimicrobial action
in vitro of 5 pastes used in the endodontic treatment
of immature teeth, being the pastes CTZ and 3 Mix
composed of antibiotics which had better results.

Amorim et al. (2006) compared three pediatric
pastes with antibiotics in its composition and
concluded that especially in pediatric dentistry, the
difficulties found in the antimicrobial control requires
the use of filling pastes of root canals with broad
antimicrobial activity.
 

On the 1960’s, Cappiello developed a cement
based on antibiotics, zinc oxide and Eugenol, and
since then it has being adopted at Londrina State
University for immature teeth pulpotomis treatment
with very favorable results (Walther, 1965). Souza et
al. (2005) studied the paste biocompatibility of
Cappiello that contains Eugenol in its composition,
having as control the zinc oxide paste and Eugenol
implanting the substances that were contained in
polyethylene tubes of 10 mm in two shops on the
back of the rats. Ajimura et al. (2003) repeated the
study removing the Eugenol from the paste original
formula and observed high toxicity of the endodontic
paste with antibiotics when compared with zinc oxi-
de and Eugenol cement.

 The paste biocompatibility evaluation used on
the researches by Ajimura and Souza et al. was
performed 3, 7, 15, 30, 60 days after the paste
implantation. It is being recommended that in a short
term of evaluation (two days) it is important to determi-
ne the incision effects and the surgical procedure. For
a period of seven days it was evaluated the rationale
table evolution, and for 14, 30 and 60 days it was
determined the comparative way of the rationale pattern
for each material in test that signalizes likely the
repairing mechanism for longer periods of time.
 

As among many papers published about the use
of endodontic paste, containing antibiotics in its
composition it is observed much controversy, the goal
of this research was to evaluate the paste
biocompatibility composed of zinc oxide, tetracycline
and thiamphenicol, analyzing also separately their
components to identify the existence of some toxic
component since the paste clinical efficiency was
proven at Londrina State University.
 

MATERIAL  AND  METHOD
 

Endodontic paste standardization: For the paste
amount standardization to be implanted in animals it
was set that it would be the amount placed in the
chamber of immature molar pulpal teeth which
correspond to 0.365 g. The paste was prepared with 8
mg of tetracycline (Bristol-Myers Squibb), 26.67mg of
thiamphenicol (Zamboni) and 1.25 mg of zinc oxide
(Biodinâmic) that were mixed to obtain a dental pulp
consistency.
 
Animals: It was used 24 Wistar rats, with 200 to 300
gr divided into 4 experimental groups with 6 animals in
each of them, being 3 operated and 3 sham. Each group
of animals was analyzed for 3, 7, 15 and 30 days. This
present work was approved by the CEUA – UFSC
(number PP00095).
 
Surgical procedure for endodontic paste
implantation and its components: Every surgical
procedure was held using asseptic technique, under
deep anesthesia, induced by i.p. injection of ketamina
and xilazina (0.75 ml/g body weight). In a determined
place was held an incision of 18 mm long and 08 mm
in depth. The experimental materials in the form of
powder, (tetracycline and zinc oxide) were dissolved
in a neutral environment, and thiamphenicol (gel) was
placed in tubes with the use of insulin sterile syringes.
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To avoid spreading one of the tube ends it has
been closed to heat. With forceps aid, the polyethylene
tubes containing the endodontic paste, and its
components separately were implanted on the back of
the animals according to the sequence represented in
Fig. 1. In sham animals only the tubes were implanted.
Each polyethylene tube, 10 mm long and 1.3mm in
diameter, was placed in parallel to the incision with the
opening directed to the head of the animal. Afterwards,
the tissue was repositioned and sutured skin with suture
wire of 3.0. After the experimental periods, the animals
were sacrificed with overdose of the same anesthetic,
and excision biopsy of the area of the implanted tubes
was held.
 
Histological and morphometrical analysis of the
subcutaneos tissue: Paper discs, compatible with the
biopsy size were used to facilitate the tissue fixation in
formaldehyde solution to 10% buffered. After 48 hours
of fixation, the surgical pieces were sectioned from the
tube opening tip of the polyethylene implanted,
extending up to 10 mm (security limit) and then included
in paraffin following a cutting plan (Fig. 2), obtaining –
random histological cuts and uniformly isotropic (URL),
or rather, oriented cuts (Mattfeldt et al., 1986), according
to the stereological principles to obtain a statistical
estimative of the relative amount of cells in the test
system, since it was analyzed in this way the cells in
the whole histological volume cuts.
 

This methodology allows the area calculation
and the connective tissue volume to be in contact with
the endodontic paste or with each of its components. In
this present study it is analyzed the connective tissue
reaction area measured in mm from the polyethylene
tube implanted with the substances on the back of the
animals, employing Cavallieri principle, for the volume
calculation in URL cuts (Mandarim-de-Lacerda, 2003).
Thus, the two pieces obtained were included in paraffin
and submitted to microtome. It was obtained 5 cuts of 5
µ m thick semi-serialized (spacing 500/500 mm) from
each of the 2 pieces. The cuts semi-serialized were made
until disappearing all the traces of the possible tissue

reactions caused by material contained in the tube. It was
obtained 83 blades with a total of 415 histological cuts.

The histological cuts were stained by
hematoxylin and eosin (HE) and analyzed at Optical
Microscope Nikkon Labphot II, with an eye grid,
previously calibrated with a "bladed object" to indicate
the Micrometric coefficient of each of the objective used
for measuring the inflammatory reaction and the
number of cells present in specific areas in the
subcutaneous connective tissue of these animals,
according to the method advocated by Mandarin-de-
Lacerda (2003), for stereological analysis.
 

To hold a morphometric analysis and the
calculation of the analyzed area of the inflammatory
reaction was used a System-Test (Briarty, 1975), square
composed by lines, previously calibrated with blade-
object, with objective of 4x, with total area of 3.2mm x
1.8mm.
 

To calculate the number of polymorphonuclear
and mononuclear present in the connective tissue
located in front of the polyethylene tube it was used
the same system-Test previously calibrated with
objective of 100x, whose total area corresponds to 130
microns in length by 92 microns width. It was analyzed
5 random areas located in the connective tissue that
presented or not inflammatory reaction to the paste or
their components (Almeida & Souza, 2003).
 

The following histological events were evaluated
in these areas: inflammatory reaction, rationale breadth
area with the tube opening, polymorphonuclear and
mononuclear presence and quality.
 

RESULTS
 

The zinc oxide in the first week did not induce
significant inflammatory reaction, which was restricted
to an area of 1.34mm in length for three days and of
2.14mm to the 7 days from the tube implanted in the

Cels    Components 3 M 3 P 7 M 7 P 15 M 15 P 30 M 30 P

Zinc oxide 6 4 5 3 32 10 64 11

Tianphenicol 1 0 0 0 4 0 3 0

Tetracycline 9 2 7 0 17 1 5 0

Paste 4 6 6 0 2 0 0 0

Table I. Calculation of mononuclear and polymorphonuclear cells in the "field-test" found by substance on the
subcutaneous connective tissue of rats in 5 blades analyzed 3, 7, 15 and 30 days after the paste implantation
or their components. M- mononuclear; P-polymorphonuclear.
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connective tissue of rats (Table II). In fifteen days it
was observed a large increase in mononuclear and
some polymorphonuclear reporting increased
inflammatory reaction in an area of 5.24mm long
(Tables I and II). It was noticed in thirty days a large
increase in the quantity of mononuclear just expressing
an inflammatory reaction around 5.96mm in length from
the opening of a polyethylene tube (Tables I and II;
Fig. 3).
 

The thiamphenicol did not cause actually any
inflammatory reaction in the subcutaneous connective

tissue of rats in the first week (Table I). After fifteen
days it was observed a discrete reaction measuring
approximately 0.46mm along the pieces, with the
presence of a few mononuclear, which is extended for
30 days indicating a character reaction more immune than
fagocitary characterizing a chronic reaction (Table 2).   
 

The tetracycline induced an inflammatory
reaction with predominance of mononuclear three
seven days after its implantation (tables 1 and 2) with
a length of 4.18 mm and 5.32mm, respectively, from
polyethylene tube. The inflammatory reaction
continues, however, chronically with an average of 2
mm along the pieces with many mononuclear at 15
days (Table 2; Fig.4).
 

The paste caused an inflammatory reaction with
polymorphonuclear predominance three days after its
implantation, but encapsulated and limited to the first
cut along with the implanted tube in an area of 1.12mm
in length. At 7 days, on the five areas examined, it was
observed a connective tissue reaction with a mean
extension of 2.52mm, in which only mononuclear was

Days

Components

3 7 15 30

Zinc oxide 1.34 2.14 5.24 5.96

Tianphenicol 1.86 0.00 0.46 0. 20

Tetracycline 4.18 5.32 1.46 2.44

Paste 1.12 2.52 3.30 0.00

Table II. The inflammatory reaction extension measurement (mm) caused on the
subcutaneous connective tissue of rats, 3, 7, 15 and 30 days after endodontic paste
implantation or their components. The data are expressed as the average of 5 calculation
areas, obtaining the density of cells in the test system in relation to the space analyzed.

 

Fig. 1. Schematic representation of the surgical sites where
the polyethylene tubes were implanted containing paste (A),
zinc oxide (B), thiamphenicol (C), tetracycline (D).

Fig. 2. The cutting schematic representation realized in the
rat skin indicating the inclusion facein paraffin for
manufacturing the blades used for quantifying the tissue
reactions caused by endodontic paste or its components
implanted in animals; (1) inclusion face A, (2) inclusion face
B, (3) biopsy, (4) chamber area, (5) polyethylene tube.
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Fig. 3. Photomicrograph demonstrating the presence of polymorphonuclears in the subcutaneous
connective tissue of rats thirty days after the zinc oxide implant (objective de100X, HE staining).
 

Fig. 4. Photomicrograph showing the presence of a large number of mononuclears in the subcutaneous
connective tissue of rats 15 days after the tetracycline implantation (objective 100X; HE staining).
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present (Tables I and II). The
inflammatory reaction after 15
days it was qualitatively,
chronically small and a mean
extension of 3.3mm from the
tube (Tables I and II). Thirty days
after the endodontic paste
implantation, no inflammatory
reaction was observed in the
tissue (Tables I and II; Fig.5).
In sham animals, which had
only implant of the
polyethylene sterile tube, were
noticed normal connective
tissue with few cells,
summarized in fibroblasts and
intercellular substances,
demonstrating that the tube did
not affect the animal
connective tissue (Fig.6).

 DISCUSSION

The biocompatibility
definition says that a material
to be biocompatible must exert
specific functions when in
contact with living tissue of a
host, without, however, causing
damage or harm to it (Estrela).
 

In the present study, it is
analyzed the possibility of
endodontic paste consisted of
tetracycline, thiamphenicol and
zinc oxide to be biocompatible.
Thus, the paste and its
constituents were implanted in
the subcutaneous tissue of rats
and the appearing or not of
tissue reaction were evaluated
3, 7, 15 and 30 days after the
implantation. The results
obtained indicate that the paste
studied induces to inflammatory
reaction of low intensity, mainly
fifteen days after its implantation
and any reaction thirty days
later, which suggests being the
paste biocompatible with the li-
ving tissue.

Fig. 6: Photomicrograph demonstrating the absence of inflammatory reaction in the
subcutaneous connective tissue of sham rats, 15 days after polyethylene implantation
tube (objective10X; HE staining).

Fig. 5: Photomicrograph demonstrating the absence of inflammatory reaction in the
subcutaneous connective tissue of rats 30 days after the endodontic paste implantation
(objective 10X; HE staining)
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 In connective tissue can be seen different cell
types as plasmocytes, lymphocytes, monocytes and
macrophages (mononuclear cells) getting into the
organism defense and repairing process that appear
in the chronic inflammatory process. On the other hand,
the acute inflammation predominance is the
polymorphonuclear cells such as lymphocytes and
eosinophils (Junqueira & Carneiro, 2003). Meanwhile,
Guidugli-Neto (1997) showed that to assure to be the
polymorphonuclear typical of acute inflammation and
mononuclear of chronic inflammation is most of time
too academic, because in some situations as in
supurative osteomielitis (chronic) predominates
neutrophils and viral infections (acute), mononuclear
presence (Junqueira & Carneiro). This study did not
have the purpose to identify the cell types, but its
presence characterizing the inflammation type.
 

The zinc oxide when applied alone showed to
be the most toxic paste component, mainly 15 and 30
days after its implementation, which can be confirmed
by the inflammatory reaction extent and the cell types
present in large amount (polymorphonuclear). The
results show and extend other results as those obtained
by Koulaouzidou et al. (2005) that was shown to be
the most cytotoxic zinc oxide. This irritating potential
can be caused by the lack of Eugenol on the paste
composition, because Costa et al. (1994) showed that
the zinc oxide and Eugenol paste induce to an
inflammatory reaction with mononuclear predominance
in thirty days after its implantation. Kielbassa et al.
(2007) stated that the paste consisted of zinc oxide
and Eugenol induced the formation of a fibrous capsule
that prevents the re-absorption. Moreover, other works
have shown the therapeutic effect of Eugenol in the
dental pulp connective tissue (Watts & Paterson, 1987;
Sübay et al., 2000).
 

The thiamphenicol is a broad antifungal
spectrum, derived from the chloramphenicol, which acts
on the gram-positive and gram-negative micro-
organisms, acting by inhibiting bacterial protein
synthesis (Shilb et al., 1995). When evaluated
separately the thiamphenicol induced a discreet
inflammatory reaction in the connective tissue, only
from the second week and which extended until 30 days
after its implantation, but chronic, demonstrating to be
thiamphenicol a medicine with little irritating potential
on the connective tissue.
 

Another important factor on the researches about
the endondotic paste is tetracycline, which is linked in
different levels to plasma proteins, forming complexes

with calcium. (Man Chin & Ferreira, 1995) Thus,
tetracycline is deposited along with calcium during the
bone, dentin and cement calcification. The paste
constitution is due to the fact of being active against
gram-positive and gram-negative micro-organism,
anaerobic bacteria, facultative anaerobic and
spirochetes, which are part of the pulpal and periapical
infections (Windley et al.).
 

Besides, the tetracycline influences the bone
tissue regeneration, including the chemiotatic effect to
osteoblasts and anticolagenolitic activity (Man Chin &
Ferreira), which contributes significantly to the new
bone formation demonstrating that the tetracycline has
biological compatibility. The results obtained in the
present study showed that this antimicrobial was able
to induce inflammatory reaction in the connective tissue
of rats that had its highest intensity 15 days after the
implantation; however, with a mononuclear
predominance suggesting to be a chronic inflammatory
process.
 

All these components when associated originate
a paste that was capable of inducing, 3 and 7 days
after its implantation, an acute inflammatory reaction,
however, restricted (1.12mm in average), with
mononuclear predominance. Later there was a
qualitative regression of cells and after thirty days it
was not observed inflammatory reaction. Based on the
results obtained in this present study, it is inferred the
hypothesis that the inflammatory reaction caused by
paste composed by thiamphenicol, tetracycline and zinc
oxide is very small and it can characterize the
biocompatibility of it to the connective cavity filling
tissue. Working with materials for covering the cavities,
Oliveira et al. (1997), concluded that the materials are
biologically acceptable, when in contact with the
subcutaneous connective tissue of rats, occurs
repairing in the area during the experiments. When the
reaction is considered small it can be said that the
material used is biocompatible.
 

Costa et al. (1996) concluded that the zinc oxi-
de and Eugenol present acceptable biocompatibility as
it was observed a reaction with an area of 0.347 mm
sixty days after its utilization. Moreover, Minarelli &
Roslindo (2003), concluded from the experiments held
with prime bond that it is biocompatible after observing
the histological event regression.
 

From the results obtained, it is needed to continue
the biocompatibility tests of the referred paste, now
applying to the material in test on the teeth of animals
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that have these structures similar to the human beings.

 The paste consisted of thiamphenicol,
tetracycline and zinc oxide can be considered

biocompatible due to the area limitation and the quality
of inflammatory cells found, being the zinc oxide alone
the most irritating element of its composition due to
the polymorphonuclear presence still after 30 days.

MATTOS, G. E. C.; CHAIN, C. M.; SANTOS, S. A. R.; TRAMONTE, R. & RODRIGUES FILHO, R. Compatibilidad biológica
de la pasta endodóntica preparada con tetraciclina, tiamfenicol y óxido de zinc, implantado en el tejido subcutáneo de ratas.
Int. J. Odontostomat., 2(1):7-16, 2008.
 

RESUMEN: Un requisito importante para la pasta endodóntica preparada con antibióticos, que es colocada en
contacto directo con los tejidos vivos es la biocompatibilidad. El objetivo de este estudio fue evaluar la biocompatibilidad de
la pasta preparada con óxido del zinc (1,25mg), tetraciclina (8mg) y el tiamfenicol (26,67mg). La pasta y sus componentes
fueron implantados por separado a través de tubos estériles de polietileno de 10 mm de longitud y de 1,3mm de diámetro en
el tejido subcutáneo de ratas en intervalos de 3, 7, 15 y 30 días. Cada día, 6 ratas fueron implantadas en cuatro sitios
ubicados en la parte posterior de los animales, 3 de ellas con el implante de las sustancias y 3 fueron implantados con los
tubos de polietileno vacíos. Los animales del experimento fueron anestesiados intraperitteonealmen, con ketamina y xilasina
(0,75 ml/g peso corporal). Después de los periodos experimentales, los animales fueron anestesiados con la misma sobredosis
anestésica. Fue realizada una biopsia exisional del área del implante con 10 mm de límite de seguridad, luego se realizaron
cortes histológico al azar uniformemente isotrópicos o orientados según los principios esteriológicos, consiguiendo un
estimativo estadístico de la cantidad relativa de células inflamatorias en el sistema de prueba. Se obtuvieron resultados de
la biocompatibilidad de la pasta, siendo el óxido del zinc el elemento mas tóxico según la cualidad de las células que fueron
encontradas.
 

PALABRAS CLAVE: biocompatibilidad, tetraciclina, pasta antibiótica.
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