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Experimental chronic inflammation in periodontal actinomycosis was studied with INCQS standard 
Actinomyces israelii infected mandibula in Swiss/NIH mice (n = 45), male and female with 21 days of 
age. Tissue responses of the experimentally induced chronic inflammation were investigated in mice by 
clinical and light microscopy. After anesthetization, the animals were inoculated in paraperiosteal 
periodontium anterior mandibula with 108 UFC/mL A. israelii (n = 45) associated with sodium alginate gel 
particles. The animals had been evaluated clinically and microscopically at 1, 3, 7, 15, 21, 30 and 45 
days after inoculation. Chronic inflammation was induced in all the mice when compared to the control 
animals. As such, both groups had normal general health throughout the study. In the control mice (n = 
10), no lesions were noted. However, the clinical and histopathology evolutions of actinomycosis 
lesions had been observed and are discussed in this work.  
 
Key words: Actinomycis israelii, chronic infection, alginate gel, experimental actinomycosis, periodontium, 
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INTRODUCTION 
 
Actinomycosis is a chronic granulomatous and 
suppurative disease (Nishimura, 1986; Kaplan et al., 
2009; Alamillos-Granados et al., 2000) caused by 
Actinomyces israelii (Reichenbach et al., 2009), which 
can be isolated from various sites, including the oral 
mucosa, dental plaque, deep dental caries cavities and 
periodontal pockets (Hoshino, 1985; Asgor Moral et al., 
1998; Pulverer et al., 2003; Kamma et al., 2004). The 
cervico-facial actinomycosis is a severe infection of 
importance in dentistry and oral pathology, presenting 
itself as an area of difficulty to palpation and fistulas, in 
which the sulfur granules characteristics of actinomycosis 
are externalized along with purulent exudate. Usually, the 
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cause of injury is related to the surgical exposure of the 
oral cavity and the presence of bacteria in vulnerable 
patients. A. israelii usually occurs in the abdominal, 
thoracic and cerebral cavities, and in the periapical region 
of the teeth (Cintron et al., 1996; Nagler et al., 1997; 
Shen et al., 2005). If an experimental animal model of 
this orofacial disease were to be established, we could 
understand more clearly its pathogenesis. In general, it is 
difficult to induce experimental chronic inflammatory 
reactions such as those in actinomycosis (Bak et al., 
1972; Soler et al., 2009; Tseng et al., 2009). However, 
there are only a few published reports on experimental 
actinomycosis (Brown and Lichtenberg, 1970; Behbehani 
and Jordan, 1982; Behbehani et al., 1983; O’Grady and 
Reade, 1988; Finley and Beeson, 2010). On the other 
hand, animal models have been often used to understand 
periapical pathosis (Walton and Ardjmand, 1992; 
Baldursdóttir  et  al.,  2010).  In these, the alveolar tissues  



 
 
 
 
and/or apical pulpal tissues are exposed to the mouth 
after surgery, and the invading bacteria easily eliminated 
by acute inflammatory responses. Thus, the bacterial 
irritation was not persistent and the tissue responses in 
these models differ from those in clinical chronic cervico-
facial lesions. Sumita et al. (1998) and Reichenbach et al. 
(2009) reported an animal model of chronic actinomycotic 
infection in the mouse peritoneum and demonstrated that 
the use of an entrapping alginate gel is effective for the 
induction of chronic inflammation.  

However, the peritoneal lesion is not satisfactory for an 
exact understanding of the clinical cervico-facial chronic 
lesion, because the periodontium tissue is surrounded by 
calcified bone that is very different from the peritoneum. 
Microorganisms of A. israelii were entrapped in alginate 
gel and injected into the subcutaneous tissue over the 
periosteum of the mouse cranium (Asgor Moral et al., 
1998; Biszewska et al., 2008; Crossman and Herold, 
2009). Thus, it is suggested that this animal model is 
useful for inducing experimental chronic infectious 
lesions. If actinomycosis could be produced more 
efficiently in tissues such as collagenous connective 
tissue and calcified bone, it would no doubt help to clarify 
the process of actinomycotic cervico-facial pathosis. 
However, in cervico-facial actinomycosis, there is no 
impairment of mandibular alveolar bones (Danic et al., 
2008). Furthermore, the development of chronic 
actinomycotic lesions is yet to be fully elucidated at the 
level of light microscopy. Our purpose now is to clarify the 
tissue responses to experimental actinomycosis in the 
mouse periodontium tissues using light microscopy and 
observing clinical changes. 
 
 
MATERIALS AND METHODS 
 
Preparation of the innoculum and induction of the 
inflammation response 
 
Standardized strain of A. israelii (INCQS 00274), which originated 
from the National Institute of Health Control and Quality (Fundação 
Oswaldo Cruz -Rio de Janeiro, Brazil), was grown in a brain-heart 
infusion broth (Difco, USA), suplemented with 0.1% hemin and 
0.1% menadione (Sigma, USA) at 37°C for 6 days in an anaerobic 
globe box (Type Forma Scientific, Marietta, USA), with an 
atmosphere of 5% CO2 and 10% H2, in 85% nitrogen. The bacteria 
were harvested by centrifugation, washed twice with sterile saline 
and suspended in 1% solution of sodium alginate (Jeltrate/ Dustless 
- Dentsply, Argentina). The suspension was agitated and then 
dropped into 0.07M CaCl2 solution to make gel particles (0.8 to 1 
mm diameter) containing bacteria. The particles in the solution were 
stirred with a magnetic stirrer for 5 min to prevent their aggregation 
during curing. The particles were then collected in a stainless-steel 
wire net of 0.5 mm diameter mesh to eliminate smaller particles. As 
such, it was washed twice with sterile saline and suspended in 5 ml 
of sterile saline. The suspension of alginate particles which 
contained 1.0 x 108 UFC/mL of micro-organism were used for 
inoculation. Forty-five Swiss/NIH mice with 21 days of age, male 
and female (Ecology and Fisiology Microorganism Laboratory–ICB-
UFMG- Brazil) were inoculated in paraperiosteal periodontium of 
the anterior mandibula with A. israelii. In the same manner, gel 
particles without bacteria were also prepared and injected into 10 
mice, as a control.  This  experiment  was  approved  by  the  Ethics  
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Committee in Animal Experimentation/UFMG (CETEA /UFMG Nº 
11/2002). 
 
 
Identification of bacteria recovered from induced lesions 
 
For the microorganism, identification of the purulent exudate was 
obtained by pressure from the area of the abscess exudates and 
was recovered through the fistula, homogenized in 1.0 mL of 
phosphate-buffered saline (pH 7.0) and diluted in 10-fold (101- 106). 
Aliquots of 0.1mL of the original solution and of each dilution were 
cultured on brain-heart infusion blood agar plates supplemented 
with 0.1% hemin and 0.1% menadione (Sigma, USA) at 37°C for 7 
days in anaerobic globe box (Type Forma Scientific, Marietta, USA) 
with an atmosphere of 5% CO2 and 10% H2, in 85% nitrogen (CLSI, 
2007). Bacterial genera and species were identified according to 
Bergey’s manual (Hillier and Moncla, 1995) and API diagnostic kits 
(International Microbio- France). 
 
 
Clinical evaluation 
 
The animals were clinically evaluated every day during the whole 
experiment, until the day of sacrifice in each group. The clinical 
features observed during the study were edema, hyperemia, 
abscess, fistula and or the presence of purulent secretion.  
 
 
Microscopical observation 
 
Biopsia materials were collected at 1, 3, 7, 15, 21, 30 and 45 days 
after inoculation. At each stage, the chosen animals were 
anaesthetized by intraperitoneal injection of chloral hydrate (400 
mg/Kg) and perfused through the ascending aorta with 
physiological saline, followed by 4% paraformaldehyde in 0.1M 
phosphate buffer (pH 7.4). The mandibula with induced lesions 
along with the adjacent tissue were removed and immersed in the 
same fixative overnight before demineralization in 10% nitric acid at 
4°C for 72 h. The demineralized tissues were dehydrated through a 
graded series of ethanol and embedded in parafin. Parafin sections, 
5 µm in thickness, were stained with haematoxylin-eosin (HE) and 
observed by one researcher in Standar 20 Binocular Zeiss 
Microscope (Carl Zeiss, Germany), although the subjective criteria 
for the evaluation and classification of the tissue alterations had 
been adapted (Orstavik and Mjör, 1988).  
 
 
RESULTS 
 
The viability and pureness of cultured bacteria had been 
tested by the colony morphology, stain and biochemical 
characteristics of the microorganisms collected at the 
moment before the animals death. The collected 
microorganism had been compatible with A. israelii 
(Figure 1). 

The excrement culture in tioglicolate broth, compared 
with the culture of samples of the buccal injuries, did not 
show the presence of bacteria in excrements 
demonstrating that these microorganisms do not colonize 
the studied animals (Table 1). 
 
 
Clinical avaliation 
 
Actinomycotic  lesions were induced in all  mice (n =  45), 
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Figure 1. (A) Clinical aspect of actinomycotic abscess/fistula in mice mandibula; (B) Alginate granules content, A. 
israelii, in tissue (HE-40X); (C) Histology aspects of alginate granules and the acute abscess and numerous 
neutrophils in the mice alveolar bone space; (D) Histology aspects of alginate granules surrounded by floam cells and 
chronic inflammation with numerous plasm cells in the mice alveolar bone space. 

 
 
 
and as such, no lesions were observed in the mice 
control group (n = 10). In the lesion, the mandible region 
of the skin was firm, elevated and had lost hair and an 
erythematous appearance. Abscesses and fistulas were 
observed on the fourth and seventh day, respectively 
after inoculation (Figure 2). Fistula had remained until the 
sacrifice of the animals and had presented various stages 
of acute abscess. The abscesses and fístules, if located 
in the anterior submandibular region, presented a crust 
with the region of fibrouse underlying indications of 
chronic abscesses. As such, the fistulas remained for 45 
days until the sacrifice.  
 
 
Microscopy 
 
After 1 day, in all the animals that were in the core of the 
lesion, there was a mass of unstained amorphus material 
in which bacteria were scattered, corresponding to the 
injected alginate gel containing A. israelii. 

After 1 day of inoculation, it was observed that 
inoculated animals (n = 45) were infiltrated by neutrophils 
and necrosis areas (Figure 2). These alterations had 
been observed in circumjacent soft tissues and the 
medular spaces of the alveolar  bone.    In   the    control    

groups,     numerous neutrophils surrounded the alginate 
gel, and their numbers and aggregation were less than in 
the experimental group. 

After 3 to 7 days, neutrophil is the predominant cell. In 
the stained sections, gram-positive bacteria appeared 
both in the alginate gel and in the masses of neutrophils. 
In the control group, there are now fewer neutrophils 
surrounding the lesion and, after 7 days, macrophage-like 
round cells with a rich cytoplasm were observed. The 
alginate gel tended to disappear in the control, similar to 
the previous stage. 

After 15 to 21 days, the lesion was more developed. 
Large cells that appeared foamy by light microscopy had 
emerged in the area of eosinophilic amorphous structures 
containing degenerated neutrophils and they invaded the 
alginate gel islands. The cytoplasm of foamy cells 
contained clear and/or brown granules. As such, bacteria 
and neutrophils decreased in number. 
In the control group, no lesion was found between the 
muscle layer and periosteum. 

After 30 days, the lesion had become static and the 
numbers of bacteria had decreased considerably (1.0 x 
103 UFC/mL), while the numbers of large foamy cells had 
increased and invaded the alginate gel islands, taking the 
place   of   neutrophils.   Consequently,    a   conspicuous
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Figure 2. (A) Clinical aspect of actinomycotic abscess/fistula in mice mandibula; (B) 
Alginate granules content, A. israelii, in tissue (HE-40X); (C) Histology aspects of 
alginate granules and the acute abscess and numerous neutrophils in the mice alveolar 
bone space; (D) Histology aspects of alginate granules surrounded by floam cells and 
chronic inflammation with numerous plasm cells in the mice alveolar bone space. 

 
 
 
collagenous capsule was seen around and in the alginate 
gel that surrounds the individual islands as well as the 
whole lesion. Bacteria were recognizable in the gel, but 
their number was considerably reduced. However, plasm 
cells and linphocytes are predominant. After 45 days, the 
number of neutrophils decreased considerably, whereas 
foamy and plasm cells remained (Figure 2), and the 
lesions had become smaller than in the previous stages 
where a few bacteria were recognizable in the gel.  
 
 
DISCUSSION 
 
This work follows the experimental model considered by 
Asgor et al. (1998). This microorganism is bacterium 
autoctone of the mouth and is related with root canals 
infections and periodontal abscesses (Hoshino, 1985; 
Kamma et al., 2004; Shen et al., 2005). As such, the 
cervicofacial actinomycotic lesions have been isolated 
(Pulverer et al., 2003). 

Microorganisms were entrapped in alginate gel so that 
most of them were not directly exposed to the host 
immune system at the initial stage of lesion formation. 
Thus, bacterial irritation of the host immune system was 
prolonged. In addition, a known number of bacteria could 
be injected, and the bacteria in the gel could be restricted 
to the injected area (Figure 2). Therefore, few bacteria 

(106 UFC/mL) were able to induce a lesion effectively, 
and the micro-organisms could survive for a long time, at 
least for 60 days, in the lesions’ gel. It has been recently 
reported that alginate, a polymer of mannuronic acid and 
glucuronic acid, occurs naturally in the cell wall of micro-
organisms such as Pseudomonas spp., and depresses 
phagocytosis by neutrophils of Pseudomonous strains 
(Yu and Stashenko, 1987). Alginate gel may help to 
produce chronic infection (Asgor Moral et al., 1998), 
although experimental actinomycosis has been produced 
in mice by Actinomyces organisms alone (Brown and 
Lichtenberg, 1970; Bak et al., 1972; Behbehani and 
Jordan, 1982; Behbehani et al., 1983; Sumita et al., 
1997), especially by strains of A. israelii that produce 
granular sediment in broth media (Behbehani et al., 
1983). 

Experimental actinomycotic lesions, produced in mice 
(Behbehani et al., 1983; Sumita et al., 1994) and bovine 
(Verschooten et al., 2000), have some histopathological 
features identical to those of clinical actinomycotic lesions 
(Cintron et al., 1996; Nagler et al., 1997).  

Fundamentally, Moral et al. (1998) did not observe a 
clinical picture in the infected animals. In our study, one 
had been diagnosed of acute abscesses in infected 
animals two days earlier. Clinically, the abscesses had 
remained until day 45 after inoculation, when animals of 
A.   israelli   were   carried.   This  result  proves  the  high  
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virulence of the wild sample of A. israelii when compared 
with A. israelli (ATCC 10048) used by the cited authors. 
In this work, the clinical aspect which is very important 
will be an exact understanding of actinomycotic 
periodontal chronic lesion. Abcesses and extra-buccal 
fistule approved the chronic nature of the lesion after 30 
days. 

Diverse researchers have attempted to establish an 
animal model of periapical infection (Yu and Stashenko, 
1987; Walton and Ardjmand, 1992; Tani-Ishi et al., 1994); 
however, it has not been observed, in literature, in the 
studies of actinomicose in periodontics of laboratory 
animals. Also, the authors have mainly demonstrated the 
acute inflammatory reply that pathologicaly differs from 
the clinical actinomycosis cervico-facial, which is a 
chronic process. We here demonstrate that infections can 
be maintained in at least 45 days, and that they are 
chronic inflammation in periodontium. As such, the 
experimental chronic lesions at 120 days (Asgor et al., 
1998) are demonstrated in the cranium. The alveolar 
trabeculae of the bone and the soft tissues surrounded 
mandibula differ in the cranium. Moreover, we believe 
that the appearance of abscesses in day 2 with 
permanence until day 45 in the animals with A. israelii is 
related to the virulence of the used microorganism. 
Liofilized samples, congealed in a long time, can 
intervene with the biology of the microorganism and can 
delay the reply immune of the host. Microorgainsms were 
entrapped in alginate gel; thus, the bacterial irritation of 
the host immune system was prolonged. In addition, 
knowing the number of would be bacteria that could be 
infected, and the number of would be bacteria in the gel, 
could be restricted to the injected area. 

It is very important that the would-be bacteria will 
survive longer, at least 45 days, in the alginate gel. 
Therefore, in this study, when the progression of the 
illness for the chronic period of training faster was 
compared with those of the authors, it was exactly similar 
with the results of other authors (Sumita et al., 1998; 
Quirino et al., 2007). In this experiment, actinomycotic 
lesions, produced in mice, have some histopathological 
features similar to those of the clinical actinomycotic 
lesions observed in humans (Metller et al., 2009; 
Crossman and Herold, 2009), including periapical 
actinomycosis (O’Grady and Reade, 1988; Yu and 
Stashenko, 1987; Oppenheimer et al., 1978; Nishimura, 
1986). As such, the typical clinical actinomycotic lesions 
contained the so-called s-granules by which they are 
diagnosed as actinomycosis. 

The wild A. israelii used in this study, representing the 
"rough" strain, which grows in vitro, is granulated into 
densely packed and intermessed filaments. Physically, it 
may be difficult due to neutrophils and macrophages that 
phagocytose them (Behbehani et al., 1983) and may be 
explained by the aggressiveness of the microorganism 
observed through the abscess formation two days after 
inoculation with the chronic injury in a lesser period to the  

 
 
 
 
one observed. Moreover, Asgor et al. (1998) stated that 
they used cepa ATCC10048 called "smooth" strain. 
Based on the   present   results   and   earlier   studies   
(Brook,   2008; Lancella et al., 2008; Baldursdóttir et al., 
2010), it seems possible that A. israelii, by itself, can 
induce human actinomycotic lesions. However, in natural 
infections, the source of A. israelii would be likely to 
include mixtures of other organisms. Colonization of the 
oral cavity in germ-free rats by A. israelii and P. acnes 
was difficult and it required repeated inoculations. 
However, in gnotobiotics rats, colonized with A. israelii 
and P. acnes, periodontal pathology was developed in 
infected animals, including PMN accumulation, gingival 
migration, alveolar bone resorption and tooth exfoliation 
(Quirino et al., 2007; Tseng et al., 2010). In this work, the 
main feature of the study’s model is the development of 
persistent actinomycotic lesions, analogous to chronic 
actinomycosis in humans. 

It is probable also, that other oral bacteria, entrapped 
by alginate gel, could induce chronic infectious lesions 
(Howell et al., 1962; Jordan and Kelly, 1983; Murakami et 
al., 1999). If so, our animal model could also be regarded 
as representing the clinical chronic cervico-facial 
pathosis, and might help us to understand the 
mechanisms of actinomycotic cervico-facial chronic 
inflammation. 
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