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ABSTRACT: The aim of this study was to evaluate the effects of the injection of two phlogistic agents, carrageenan
and formalin, in the rat TMJ, and the inflammatory process induced by these substances. In this study, a total of
45 adult rats were distributed in two experimental groups and a control group. The animals were sacrificed after
three hours, 24 hours, three days, seven days, and 15 days after a single injection of each substance. Histological
data initially demonstrated an inflammatory process represented by acute infiltration, which later became mixed,
and finally chronic in both experimental groups. Hyperplasia of the synovial membrane was observed after three
days, being intense at seven days, and present after 15 days only in the formalin group. Local saline injection in
the control group caused no inflammatory reaction. It was concluded that a single local injection of carrageenan
or formalin was enough to induce inflammatory reaction in the TMJ and periarticular soft tissues, and that the
resulting processes were similar, but more persistent in the formalin group.

DESCRIPTORS: Temporomandibular joint; Inflammation; Carrageenan, adverse effects; Formalin, adverse effects.

RESUMO: O objetivo deste trabalho foi avaliar os efeitos da injecao de dois agentes flogisticos, ou seja, carragenina
ou formalina, na ATM do rato, e a evolucéao do quadro inflamatério provocado por essas substancias. Foram utiliza-
dos 45 ratos, divididos em dois grupos experimentais e um grupo controle. Os animais foram sacrificados em lotes
de trés de cada grupo apos trés horas, 24 horas, trés dias, sete dias e 15 dias da injecao. Histologicamente a reacdo
inflamatoéria em ambos os grupos experimentais iniciou-se com infiltrado inflamatério agudo, tornando-se misto e
depois cronico. Sinais de hiperplasia da membrana sinovial foram observados aos trés dias, intensos aos sete dias,
estando presentes aos 15 dias somente no grupo da formalina. A injecdo de solucao salina (grupo controle) nao
provocou reacao inflamatéria. No presente trabalho foi concluido que uma injecao local Unica na regiao da ATM
de carragenina ou de formalina foi suficiente para induzir reacao inflamatoria na articulacao e nos tecidos moles
periarticulares. As reacoes inflamatorias resultantes da injecao desses agentes flogisticos foram semelhantes, mas
o grupo da formalina mostrou infiltrado inflamatoério mais persistente.

DESCRITORES: Articulacao temporomandibular; Inflamacéo; Carragenina, efeitos adversos; Formalina, efeitos ad-

VErsos.

INTRODUCTION

Disorders of the temporomandibular joint
(TMJ) frequently present an inflammatory com-
ponent?. However, an understanding of the patho-
genesis of inflammation in the TMJ has been based
on data from other synovial joints!®. A few experi-
mental studies have evaluated only the immediate
events of the inflammatory process in the TMJ3.

*M.S. Graduate Student.

Special features of the TMJ, such as its dense
fibrous tissue covering, may influence its response
as a synovial joint!%!9, Also, concentrations of some
inflammatory substances in the TMJ differ from
those in other joints, probably due to the denser
innervations in the former’. A satisfactory orofacial
model should permit the study of inflammation

** Associate Professors, Department of Maxillofacial Surgery, Prosthodontics and Traumatology; ***Associate Professor, Depart-
ment of Oral Pathology — School of Dentistry, University of Sao Paulo.

99



Goulart AC, Correia FAS, Sousa SCOM, Luz JGC. Study of the inflammatory process induced by injection of carrageenan or for-
malin in the rat temporomandibular joint. Braz Oral Res 2005;19(2):100-5.

in general, as well as of mechanisms that may be
specific to TMJ tissues®.

The purpose of the present study was to evalu-
ate an experimental model in an attempt to analyze
the effects of the injection of two phlogistic agents —
carrageenan and formalin — in the rat TMJ.

MATERIALS AND METHODS

The study animals were 45 three-month-old
female Wistar rats weighing 190 to 250 g. They
were housed three per cage at 23°Cin a 12 h light/
dark cycle, and received an ordinary diet of rodent
feed (Labina, Agribrands Purina, Paulinia, Brazil)
and water. The study was approved by the local
research ethics committee.

The animals were anaesthetized by an in-
traperitoneal injection of xylazine hydrochloride
(Rompum, Bayer, Porto Alegre, Brazil), 10 mg/kg
of body weight and ketamine hydrochloride (Keta-
lar, Parke-Davis, Rio de Janeiro, Brazil), 25 mg/kg
of body weight. The right preauricular area was
shaved and cleansed with a povidone-iodine solu-
tion (Riodeine, Rioquimica, Sao José do Rio Preto,
Brazil). The animals were distributed in two experi-
mental groups and a control group with 15 rats
each. The rats received a local injection in the
right TMJ of 0.02 ml of either 1% carrageenan
(Sigma-Aldrich, St. Louis, MO, USA) in saline so-
lution (carrageenan group), 5% buffered formalin
solution (Laboratério Férmula e Acdo, Sao Paulo,
Brazil) (formalin group), or 0.9% saline solution
(Aster Produtos Médicos, Sorocaba, Brazil) (con-
trol group). Each solution was introduced by plac-
ing the tip of a 29-gauge needle (Becton Dickison,
Curitiba, Brazil) just posteriorly to the zygomatic
process of the temporal bone. The needle tip was
then moved medioanteriorly towards the superior
joint space.

The animals were sacrificed three hours, 24
hours, three days, seven days, and 15 days after
the local injection of the solutions. Their heads
were removed and fixed in 10% formalin (Quimex,
Cotia, Brazil). The specimens were decalcified in
20% formic acid (Merck, Darmstadt, Germany) and
coronal sections were obtained. Seven um thick
sections of the right TMJ were cut and stained
with hematoxylin and eosin (Merck, Darmstadt,
Germany). Injured and control sites were studied
at the same magnification. The aim was to describe
cellular infiltration and its type, periarticular soft
tissue oedema, exudate extravasation, congested
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vessels, alterations in the joint capsule, synovial
lining hyperplasia, and changes in the articular
surfaces.

RESULTS

The animals made a recovery after the phlo-
gistic agent injection. Food and water intakes were
considered normal 24 hours after the injection,
and the animals did not experience any weight
loss. Edema was macroscopically observed on the
lateral region of the face of the animals of the ex-
perimental groups in the first 24 hours. The his-
topathological findings are presented according to
the substance and sacrifice time.

Carrageenan group
Three hours

Moderate neutrophilic exudation in the con-
dylar neck region was observed, as well as edema
and fibrin-hemorrhagic exudate. Lymphocytes
were seen in the lumen of congested blood ves-
sels (Figure 1A).

Twenty-four hours

Intense inflammatory exudation and edema
were observed in the condylar neck region. Acute
inflammatory cells extended among adjacent mus-
cular fibers, dissociating them; an inflammatory
process was also present in the joint capsule,
with congested blood vessels and neutrophilic sub-
synovial exudation (Figure 1B).

Three days

Mixed inflammatory infiltration was observed
in the condylar neck region, extending among
dissociated muscular fibers. Also, serofibrinous
exudate and congested blood vessels could be
seen in the condylar neck. In the articular cap-
sule, mild subsynovial mononuclear infiltration
was observed, as well as a slight proliferation of
the synovial lining. Numerous inflammatory cells
could be seen in the joint space (Figure 1C).

Seven days

Mild mononuclear infiltration in the condylar
neck region and among muscular fibers in a re-
stricted region near the condyle was observed. A
few congested blood vessels were noticed. Marked
proliferation of the synovial lining was present,
and villous hyperplasia could be observed in some
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areas of the joint. One specimen showed degenera-
tive changes in the lateral pole of the condyle, with
signs of bone resorption (Figure 1D).

Fifteen days

None of the specimens showed any signs of
inflammation or changes in the articular tissues.

Formalin group
Three hours

Edema and mild neutrophilic exudation were
observed in the condylar neck region, extending
along the muscular fibers around the joint (Fig-
ure 2A).

FIGURE 1 - Carrageenan group. A: moderate neutrophilic exudation and
fibrin-hemorrhagic exudate in the condylar neck region (c) three hours later;
B: intense inflammatory exudation in the condylar neck region (c) 24 hours
later; C: villous proliferation of the synovial lining (arrows), inflammatory cells
and congested blood vessels in the capsule (ca) three days later;

D: degenerative changes in the lateral pole of the condyle (c), with signs of
bone resorption (arrow) seven days later. (H&E, 100 X).

Twenty-four hours

Marked inflammatory exudation and edema in
the condylar neck region were observed. Cell infil-
tration was of the mixed type and scattered among
adjacent muscular fibers, dissociating them. In
the same region, serofibrinous-hemorrhagic exu-
date was observed. The inflammatory process in
the joint capsule showed a great number of con-
gested blood vessels and subsynovial inflamma-
tory infiltration, while the synovium appeared to
be normal.

Three days

Predominantly mononuclear cellular infiltra-
tion was seen in the condylar neck region, extend-
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ing among dissociated muscular fibers. Also, se-
rofibrinous-hemorrhagic exudate and congested
blood vessels could be seen in the condylar neck.
Subsynovial mononuclear cellular infiltration and
congested blood vessels were observed in the ar-
ticular capsule. Discrete hyperplasia of the syno-
vial lining could be seen (Figure 2B).

Seven days

Intense inflammatory infiltration, predomi-
nantly mononuclear, was observed around the
articular capsule, but it was only mild among
muscular fibers. Serofibrinous exudate and con-
gested blood vessels could be seen in the periar-
ticular region. Marked hyperplasia of the synovial
lining was present, and villous changes could be
observed. One animal showed hyalinization and
thickening of the condylar articular surface, with
absence of the proliferative zone and atrophy of
the fibrocartilage (Figures 2C and 2D).

Fifteen days

Mild mononuclear cellular infiltration dis-
persed among collagen fibers in the condylar neck
region was observed. Some congested blood vessels
were present and villous changes in the synovium
were still evident (Figure 2E).
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FIGURE 2 - Formalin group. A: mild
neutrophilic exudation extending
along muscular fibers three hours
later; B: serofibrinous-hemorrhagic
exudate, congested blood vessels and
cellular infiltration in the condylar
neck region three days later.

¢ = condyle, d = articular disc (H&E,
100 X). (Continued on page 103).

Control group

The injection of normal saline solution did not
produce changes at any sacrifice time. The articu-
lar tissues presented characteristics of normality
(Figure 3).

DISCUSSION

The present study showed that a single local
injection of carrageenan or formalin results in an
inflammatory reaction in the TMJ and periarticu-
lar tissues, with hyperplasia of the synovial mem-
brane. The results were similar, although more
persistent when formalin was used. Formalin has
been used as a classic model to produce experi-
mental inflammation!'??°. Carrageenan can induce
a highly reproducible local antigenic inflammatory
response!’. Carrageenan has been widely used to
evaluate the anti-inflammatory effect of certain
drugs*11.15,

Edema was the initial finding after the injec-
tion of either substance. A similar response has
been reported with the use of these substances
in the rat footpad or knee*!”. In our experiment,
edema was histologically observed between three
and 24 hours, and practically disappeared after
three days. This is in accordance with the find-
ings reported in the related literature, which have
shown intense edema after three hours, mild ede-
ma within three days and no edema at day seven'*.
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Edema induced by carrageenan injection is grad-
ual, measurable after one hour, maximum after
three hours and lasts for several days®. Our results
also showed that cellular migration caused by car-
rageenan injection was moderate after three hours,
but more intense than that caused by formalin
injection. After 24 hours, both substances induced
an intense inflammatory infiltration, which later
became mild in the condylar neck region in the car-
rageenan group, but remained intense around the
capsule in the formalin group, extending among
muscular fibers in both groups. After 15 days,
a mild inflammatory infiltration dispersed in the
condylar neck region was observed only in the for-
malin group. Similar findings have been reported
after carrageenan injection in the rat footpad*.
Fibrinous-hemorrhagic/serofibrinous exudate
was initially observed in both groups, being pres-
ent for up to seven days. No exudate was observed
after 15 days. Superficial fibrin deposition in sy-
novitis cases has also been observed!s. Inflam-
matory cells enmeshed in fibrin webs have been
demonstrated 24 hours after PLA, injection in the

FIGURE 2 (continued) - Formalin group. C: hyperplasia
of the synovial lining with villous changes (arrow)

seven days later; D: hyalinization and thickening of the
condylar articular surface (arrow), inflammatory reaction
in the articular capsule, with subsynovial cellular
infiltration and congested blood vessels seven days later;
E: villous changes (arrow) and thickening of the synovial
lining 15 days later. ¢ = condyle, d = articular disc,

f = articular fossa (H&E, 100 X).

rat knee joint?!. Inflammatory alterations in the
joint capsule, such as the presence of congested
blood vessels and subsynovial inflammatory infil-
tration, were observed in both experimental groups
between 24 hours and three days. Similar results
have been reported after PLA, injection in the rat
knee, with the higher number of congested blood
vessels occurring after 24 hours, with maximum
cellular infiltration observed after 96 hours?'.
Hyperplasia of the synovial lining was noticed
in both experimental groups after three days, when
mild cellular proliferation was present. It was in-
tense after seven days, when it was possible to
identify villous areas. However, after 15 days, it
was present only in the formalin group. A histo-
logic study of the rat knee joint has shown that 24
hours after injection of the irritating agent the syn-
ovial lining became markedly folded, and hyper-
plasia of the synovium was seen after 48 hours?!.
Similar findings have been reported when synovitis
was induced by trauma to the rat TMJ, and fibrous
synovial thickening was noticeable 10 weeks after
trauma'?. In addition, intense hyperplasia of the
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FIGURE 3 -
Control Group.
Characteristics of
normality of the
TMJ components.
f = articular fossa, |
d = articular disc,
c = condyle (H&E, Er s
100 X). 4

synovial membrane occurred when anterior disc
displacement was induced in the rabbit TMJ, and
the hyperplastic synovial cells were present at six
weeks postoperatively!. It has been shown that the
synovial tissue contains cells that are potentially
angiogenic. Vessels from the peripheral capillary
plexus and synovial membrane cells proliferate to
provide the vascular origin for the connective tis-
sue healing of the lesion®.

Signs of degenerative alterations were ob-
served on the condyle of one specimen from each
group. In the carrageenan group there was a case
of partial resorption of the condyle, while in the
formalin group there was a case with hyaliniza-
tion and thickening of the articular surface. The
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