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ABSTRACT
PURPOSE: To investigate the effect chronic stress in newborn rats on the progression of ligature-induced-periodontitis in adulthood. 
METHODS: Ten couples of adult Wistar rats were selected for mating. After birth, the female and their respective offsprings were 
allocated into two groups. Ligature Group (LG): offsprings were only watched during breast-feeding; Stress-ligature Group (SLG): 
after 24h of live birth, the offsprings were moved away from their mothers every day for four hours during breast-feeding for 20 days; 
in both approaches, after reaching ± 250g, ten rats were included in the groups. Periodontal disease was induced by a silk suture placed 
around the maxillary right second molar. The left side was used as control. After 15 days, the animals were subjected to euthanasia, 
maxillary bones were removed and stored in 10% formaldehyde. After 48h, radiographs were taken and revealed and were used for bone 
destruction analysis. Examiner was blind and calibrated for measurements. 
RESULTS: Stress-ligature group presented higher bone loss values in relation to ligature group (p<0.05). 
CONCLUSION: Exposure to chronic stress imposed on offsprings produced a greater progression of bone loss induced during 
adulthood.
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Introduction

Stress acts directly on the hypothalamus-pituitary-
adrenal (HPA) axis, mainly on neuroendocrine and inflammatory 
responses1. The effect related to these responses, in general, is to 
lower body’s defenses1. Nevertheless, there is currently an attempt 
to modulate these defenses into a protective effect2. Overall, these 
effects make possible the onset or increase susceptibility to the 
establishment of several pathologies3. Among those are emotional4, 
infectious and inflammatory diseases1, and physical illness5.

In periodontics, the deleterious effects of chronic stress on 
the periodontum are known6, but such relationship is not recent. In 
current times, many epidemiological studies with different designs 
have pointed out the relationship between these two diseases7. In 
view of further elucidating the biological events involved, many 
studies use animals, particularly rats, to demonstrate immune-
inflammatory aspects that contribute to the understanding of the 
pathogenesis of periodontal disease8,9.

Several studies in the medical field have modulated the 
pattern of disease progression by means of stress1-3. Accordingly, 
there is a broad literature demonstrating an involvement of chronic 
stress during pregnancy or in the early childhood as one of the 
factors related to the onset of diverse diseases10. In dentistry, this 
area of study has begun to arouse attention. Some studies in rats 
show that the chemical modulation of the HPA axis, or directly the 
effect of physical chronic stress during pregnancy are responsible 
for a higher progression of periodontitis induced in adulthood11,12.

Thus, the aim of this paper was to verify if rats subjected 
to stress, that is, being moved away from their progenitors during 
infant stage, present greater alveolar bone loss in presence of 
ligature-induced periodontitis in adulthood.

Methods 

Approved by the Ethics in Animal experimentation 
Committee of the School of Dentistry of Cuiaba, UNIC, Brazil 
(Process number #2010-044).

Twenty Wistar rats (Rattus novergicus), ten female and 
ten male, were selected for the study.

Initially the animals weighing average 230g were 
selected and allowed to adapt to the new environment for ten days. 
These animals were separated in groups of five animals and they 
were kept in a cage (polyethylene 16x40x30) with standard feed 
and water ad libitum, light/dark cycle of 12 hours. Temperature 
and humidity were controlled at 23ºC and ± 40%, respectively.

Experimental procedures and animals care were also 

performed in accordance with the European Convention for the 
Protection of Vertebrate animals used for Experimental and other 
scientific purposes.

Animals being three months of age were housed together 
(one male: one female) for mating. In order to determine the 
estrus cycle, we subjected the rats to a daily vaginal smear (7a.m). 
When screened animals were found to be in proestrus, they were 
housed individually overnight with a male rat. Vaginal samples 
were microscopically checked the next morning for verification of 
presence of sperm. The day when smear was sperm-positive was 
considered to be the embryonic day 0.

After delivering, a number of eight animals was 
standardized per mother. On the day 1 after birth, the newborns of 
five mothers were assigned to the group stress ligature (SLG) and 
then removed from their mothers four hours per day for a 20-day-
period.

The newborns from others five mothers were assigned 
to the group ligature (LG) and remained with their mothers 
throughout the 20-day-period.

After this period, the rats of both groups remained with 
their respective mothers throughout the period until weaning time.

Thus, the animals were separated by sex; 24 males were 
randomly selected and from each group (SLG n=24) and (LG 
n=24) 

When 250g of body weight (mean age of approximately 
2.5 months) were reached, the animals were subjected to 
experimentally-induced periodontal disease. All procedures in this 
phase of the experiment were performed under general anaesthesia 
by means of intramuscular injection of a combination of 0.1 mL of 
ketamine hydrochloridea and 0.05 mL of xylazine hydrochloridea 
for each 100 g of body weight. 

After anesthesia, sterile 4/0 silk ligatures were placed 
around the maxillary right second molar. The maxillary left 
second molar was used as control. The animals were sacrificed by 
anesthetic overdose 15 days after receiving the ligatures.

Right and left hemimaxillae were fixed in 10% formalin 
solution for 48h. Radiographs were taken using a dental X-ray 
unit (Specto x70, Dabi Atlante, Ribeirao Preto-SP, Brazil). To 
take the images, specimens were placed on the film (Kodak 
insight dental film, Sao Paulo-SP, Brazil), and the X-ray cone was 
set perpendicular to it. The distances between the cone and the 
specimens as well as an exposure time of 0.3s were standardized 
based on a previous pilot study. A trained operator processed all 
radiographs using the same time and temperature.

Order to better understanding of the study design the 
Figure 1 was prepared.
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FIGURE 1 - Study design.
 
Radiographs were projected on a white board using a 

slide projector (Kodak-Ektagraphic III, Sao Paulo-SP, Brazil) 
that provided a 15-fold magnification of the images. Then, after 
identifying the structures between the first and second molars, the 
teeth and interproximal bone crest were drawn on the board, as 
well as a horizontal line between the cusp tips of both teeth. At the 
contact point between the molars, a vertical line perpendicular to 
the horizontal line was drawn. The distance between the bone crest 
and the horizontal line was determined by means of digital calipers 
(Paquimetro Digital, Mitsu, Sao Paulo-SP, Brazil) and recorded 
for further analysis and comparisons. A previously calibrated and 
blinded operator performed all measurements.

Data were statistically analyzed using Student’s t test for 
independent samples at 5% significance level on SPSS software.

Results

The findings showed that SLG - composed by offsprings 
subjected to the chronic stress and ligature produced greater bone 
loss than LG - consisting by offsprings that were not stressed and 
subjected only ligature (p<0.05). The side including the control 
group displayed no disease progression (p> 0.05) - Table 1.

TABLE 1 - Means and standard deviations of the groups 
Ligature and Stress-plus-Ligature.

Groups Right Side n Mean Std. deviation

Test 
Side

SLG 10 20.80* 1.03
LG 9 17.33* 3.46

Control 
Side

Left Side
SLG 10 13.04* 0.80
LG 9 12.90* 0.97

Student’s t test for independent samples. *means p<0.05.

Discussion

There have been a substantial number of scientific 
evidences establishing the nexus between periodontitis and 
chronic stress6,8,9,13. In addition, observational studies in humans 
have pointed out this same relationship, but with poor information 
regarding biological events7. Despite this, we still lack the 
establishment of stress as a risk factor14 as occurs, for instance, to 
diabetes and tobacco15.

As regards ligature-induced periodontitis in rats and 
chemical modulation or physical stress at an early age, two studies 
presented findings and designs similar to those found in the present 
investigation. The first was aimed in early childhood to use drugs 
that might interfere with the neurophysiology of the HPA axis in 
adulthood. This factor was decisive in establishing a change in the 
susceptibility to the illness, leading to disease progression in the 
periodontum during adulthood12. Other relevant issues were the 
behavioral and hormone tests; both confirmed alterations in the 
physiology of the HPA axis. The second investigation following 
this same line of research, but with mother rats being subjected 
to physical stress during pregnancy, showed that their offsprings 
in adulthood had greater bone loss when compared to the control 
group11.

At the present time, there are a reasonable number of 
studies demonstrating that manipulation of the HPA axis can 
either lead to greater progression of periodontitis16 or prevent its 
progression17. In this sense, other evidences have indicated that this 
manipulation could start, perhaps in the near future, even before 
birth. It is emphasized that this step of science is still far, though 
neuroendocrine manipulation seems possible. Several trials in 
humans have already manipulated the limbic system in order to 
improve responses upon the challenges of diseases1-3. Nowadays, 
this designation is named the programming factor, so it seems that 
one can think of this effect in relation to the etiopathogenesis of 
periodontitis18.
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Even though the structures of the HPA axis are already 
formed in newborns, there is still no complete formation of the 
anatomical structures of the limbic system and autonomous 
system19. At this point, the stress of maintaining the progeny 
away from the mother seems to stimulate increased secretion of 
glucocorticoids that can affect the natural development of the 
animal20.

The anatomical and chemical manipulations of the 
hypothalamic-pituitary-adrenal (HPA) axis enable the modulation 
of response through an immune-inflammatory process linked 
to periodontitis16,17. Among the systemic alterations there are 
changes occurred in the paraventricular nucleus (PVN), connected 
directly to nerve cells responsible for producing neurohormones 
such as adrenocorticotropic hormone (ACTH)1 and corticotropin-
releasing hormone (CRH). It is important to explain that the 
manipulation of these structures may alter beyond the immune-
inflammatory response of the periodontum, producing changes in 
glucose levels, growth of the adrenal gland, pancreas alterations, 
in addition to cognitive changes20. Furthermore, stress can lead to 
a decreased amount of oxygen in the arteries, which can hinder 
brain development, interfering with neuroendocrine responses of 
the body19.

The present study verified if rats undergoing stress, 
that is, progenitor moving away in infant stage, would have 
their offsprings presenting higher alveolar bone loss in presence 
of ligature-induced periodontitis during adulthood. Our data 
demonstrated that offsprings of rats that were stressed during 
infant stage had a greater bone loss progression during adulthood.

Currently, the impact of physical or chemical stress during 
childhood or pregnancy on adulthood is known in many areas 
of health10,12. In this respect, most of the information regarding 
biological events has been acquired through animals. Another 
relevant point refers to controls of biases in human behavior; in 
animals, that control is possible. Also, it is noteworthy that rats 
have low costs and easy handling, but require aids with regard to 
ethical issues8,9.

Although the results are interesting, further information 
on this topic is needed, so that in a near future human beings can 
get responses that contributes to their health.

Conclusion

Exposure of rats to chronic stress, move away from their 
progenitors during infant stage, produced a greater progression of 
bone loss induced in the adult offsprings.
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