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Relationship between hypertension 
and periapical lesion: an in vitro and 
in vivo study

Abstract: The aim of this study was to compare potential aspects 
of periapical lesion formation in hypertensive and normotensive 
conditions using hypertensive (BPH/2J) and wild-type control (BPN/3J) 
mice. The mandibular first molars of both strains had their dental pulp 
exposed. At day 21 the mice were euthanized and right mandibular 
molars were used to evaluate the size and phenotype of apical 
periodontitis by microCT. Proteins were extracted from periapical 
lesion on the left side and the expressions of IL1α, IL1β and TNFα were 
analyzed by ELISA. Bone marrow stem cells were isolated from adult 
mice femurs from 2 strains and osteoclast differentiation was evaluated 
by tartrate-resistant acid phosphatase (TRAP) in vitro. The amount of 
differentiated osteoclastic cells was nearly double in hypertensive mice 
when compared to the normotensive strain (p < 0.03). Periapical lesion 
size did not differ between hypertensive and normotensive strains 
(p > 0.7). IL1α, IL1β and TNFα cytokines expressions were similar for 
both systemic conditions (p > 0.05). Despite the fact that no differences 
could be observed in periapical lesion size and cytokines expressions 
on the systemic conditions tested, hypertension showed an elevated 
number of osteoclast differentiation.
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Introduction
The association between periapical inflammatory and infectious 

processes and systemic disease is raising researchers’ interests lately. In the 
past, the focal infection theory was applied as a causal relationship between 
oral infections and heart disease, like infective endocarditis.1 However, 
in 2012 the American Association of Endodontists stated that decades of 
research opposes the beliefs of focal infection theory proponents. To date, 
there is no valid, scientific evidence linking endodontically treated teeth 
and systemic diseases.2

Oral health will certainly improve overall good health,3 and although 
there is no causal relationship,2 an association between oral infections and 
certain systemic conditions, such as hypertension, can be inferred. This 
association may depend on common risk factors such as dysregulation 
of biological functions including immune response.4,5,6,7

The diagnosis of hypertension can be given by a systolic blood pressure 
higher than 140 mmHg, a diastolic blood pressure higher than 90 mmHg, 
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or both.8 Essentially, hypertension is due to genetic 
factors associated with an unhealthy lifestyle, and 
renal disorder is the cause of secondary hypertension.9

It is known that hypertension can be considered 
an inflammatory disease.10 The TLR4 signal links 
hypertension and periapical inflammation,11 
and lymphocytes T cells are responsible for 
hypertension development12 mediated by angiotensin 
II.13 Pro-inflammatory cytokines like TNFα and 
IL-6 are more often presented in a hypertensive 
condition14 and the opposite is true for IL-10, an 
anti-inflammatory cytokine.15 

Although the relationship between this systemic 
disorder and periapical lesions has been indicated, 
it is paramount that such connection be scientifically 
reinforced. Studies have shown correlation between 
hypertension and periodontal disease16,17 as well as 
amount of salivary flow and its protein concentration.18 
Changes in hard-tissue structures like enamel, dentin 
and bone are also affected by hypertension.18,19,20,21,22 
Few studies can be found correlating endodontic 
disease and hypertension. Allareddy et al.,23 conducted 
a retrospective study where they found that 24.6% 
of patients hospitalized for periapical abscesses 
were hypertensive.23 Likewise, another study found 
that almost 8% of endodontically treated teeth in 
hypertensive patients were not considered satisfactory.24 

Thus, the hypothesis tested in this study was that 
osteoclast differentiation from bone marrow cells 
(BMCs), periapical lesion sizes and inflammatory 
cytokine expression in hypertensive mice are 
higher than in normotensive ones. Therefore, 
this study aimed to compare potential aspects of 
periapical lesion formation in hypertensive and 
normotensive conditions.

Methodology

Animals
This experimental animal study was submitted to 

the approval of the Animal Experiment Committee of 
Forsyth Institute, no. 14/004. BPH/2j and its normal 
control, BPN/3J, mouse strains were purchased from 
Jackson Laboratory, Bar Harbor, Maine. The mice were 
maintained in accordance with the guidelines of the 
Animal Experiment Committee of Forsyth Institute.

Osteoclast differentiation from bone 
marrow cells

BMCs were isolated from femora of BPH/2J and 
BPN/3J strain mice. The sample size was 5 mice 
each divided in 40 wells. The initial density of cells 
was 1.5 × 106 cells/μL in a 96-well plate. The cells 
were incubated for 5 days in α-MEM containing 
10% inactivated FBS with M-CSF (50 ng/mL). After 
the incubation, the adherent cells were collected 
as bone marrow-derived macrophages (BMMs). 
The BMMs were cultured in the presence of M-CSF 
(25 ng/mL) and RANKL (100 ng/mL) for 8 days. 
Osteoclast formation was evaluated by measuring the 
tartrate-resistant acid phosphatase (TRAP) activity as 
an early differentiation marker. After TRAP-staining, 
the cells with more than three nuclei were counted 
as TRAP-positive multinucleated cells.

Periapical lesion stimulation  
Seven-week-old female and male mice were used. 

The sample size was 5 mice for the hypertensive group 
and 5 mice for the normotensive group. The mice were 
anesthetized via intra peritoneal (IP) injection with 
ketamine HCl (80 mg/kg) and xylazine (10 mg/kg) 
and were placed on a jaw-retraction board. The dental 
pulps of both mandibular first molars were exposed 
using an electric dental hand piece with a no. 1/4 round 
bur under a surgical microscope. The pulp chambers 
were open until the entrance of the canals could be 
visualized and probed with a size 6 endodontic file. 
On day 21 after pulp exposure, mice were sacrificed 
using a CO2 gas chamber and mandibles were isolated 
and dissected free of soft tissue. Right hemimandibles 
were fixed in fresh 4% paraformaldehyde in PBS and 
scanned by Micro Tomography Computed to analyze 
the periapical lesion sizes. Left hemimandibles were 
immediately frozen for protein extraction and analysis 
of the pro-inflammatory cytokine expression. 

General bone and periapical lesion 
phenotype

After fixation, the paraformaldehyde in the samples 
was reduced by distilled water and the samples were 
scanned in Micro Tomography Computed. The angles 
of the image were adjusted using the ImageJ program 
and the periapical lesion sizes were measured using 
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the Adobe Photoshop56 program. The periapical 
lesion sizes were recorded in a square micrometer.

Pro-inflammatory cytokine expression 
from periapical lesion proteins

Five samples of each group, hypertensive or 
normotensive, were used. For protein extraction, 
frozen periapical tissue samples were disrupted in a cell 
lysis buffer (Cell Signaling Technology, Danvers, USA) 
supplemented with 50 μg/mL gentamicin (Sigma-Aldrich, 
St. Louis, USA) using FastPrep-24 with matrix A (both 
MP Biomedicals, Solon, USA). The supernatant was 
collected after centrifugation and cytokine assays 
were performed using commercially available ELISA 
kits  obtained from R&D Systems (DuoSets) and were 
used according to the manufacturer’s instructions to 
evaluate periapical tissue levels of IL1α, IL1β and TNFα. 
The concentration of each cytokine was calculated 
with reference to a standard curve constructed using 
recombinant cytokines provided with each kit. Results 
were expressed as picograms of cytokines per milligram 
of periapical tissue.

Statistical analysis
Normality was defined by a Shapiro-Wilk test. 

Tukey’s T-test was performed to assess the difference 
between the groups. Values of p < 0.05 were considered 
statistically significant.

Results 

Osteoclast differentiation from bone 
marrow cells 

The average number of differentiated osteoclast per 
well is described in Figure 1. The hypertensive group 
presented almost twice the number of differentiated 
osteoclast when compared with the normotensive 
group, 97 and 45, respectively. There is a statistically 
significant difference between the two groups (p < 0.03).

General bone and periapical lesion 
phenotype

The average periapical lesion sizes in hypertensive 
and normotensive conditions is shown in pixels in 
Figure 2. The average lesion size of the hypertensive 
group was 2.6 mm3 compared to 2.7 mm3 in the 

normotensive group. No statistically significant 
difference between the groups was observed (p > 0.07). 
There was no visible difference between the groups 
regarding the bone structure or phenotype pattern.

Pro-inflammatory cytokine expression 
from periapical lesion proteins

The averages of IL1α, IL1β and TNFα expressions are 
described in Figure 3. For all cytokines, the tendency is 
toward higher expression in the exposed group than 
in the control (unexposed) group. The hypertensive 
condition presented higher expression of cytokines 
IL1α and TNFα than the normotensive condition. 
This tendency was not viewed for IL1β. There was no 
significant difference between the systemic conditions 
or exposed and non-exposed groups (p > 0.05).
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Figure 1. The value on x axis is the number of osteoclasts 
differentiated. n = 5 for each group. The difference is 
statistically significant between the hypertensive group (BPH/2J) 
and the normotensive group (BPN/3J).
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Figure 2. The average periapical lesion size in pixels in the 
hypertensive (BPH/2J) and normotensive (BPN/3J) conditions. 
The value is in mm3. n = 5 for each group. No statistically 
significant difference was found.
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Discussion
Although there is a high prevalence of hypertension 

in patients hospitalized for periapical abscesses23 
and there are indications of the negative influence of 
hypertension in periapical lesions, our results did not 
show a clear relationship between this health condition 
and periapical lesion phenotype. The periapical lesion 
size and cytokines expressions from a periapical lesion 
were similarly independent of the systemic condition. 

The hypertensive group presented almost twice 
the number of differentiated osteoclast compared 
with normotensive group. Since the final outcome of 

periapical lesions and periodontitis is bone destruction, 
the effect of metabolic disorders on bone needs to 
be considered. The osteoclasts are responsible for 
bone resorption and angiotensin II may be the link. 
Hypertension is mediated by angiotensin II, the 
molecule responsible for activating osteoclasts due 
to up-regulated RANKL expression in osteoblasts.25 
In other words, angiotensin II induces the expression 
of RANKL through the receptor activators of NF-κB 
ligands in osteoblasts, leading to the activation 
of osteoclasts,25 which are responsible for bone 
fracture, osteoporosis and also bone destruction 
in endodontics. In a ligature-induced periodontitis 
model and increased RANKL/OPG ratio toward a 
more osteoclastic condition was observed in the SHR 
rats versus normotensive controls.20,21 Hypertension 
may also negatively affect bone mineral density due 
to abnormal metabolism of 1,25-dihydroxyvitamin 
D, a key regulator of calcium homeostasis and 
bone metabolism, intestinal calcium transport, and 
angiotensin II-mediated osteoclast activation.25,26 

Pulp inflammation can soon spread in apical 
direction and so an immune-inflammatory response 
occurs through the action of immune cells resulting 
in abscess formation, which is an acute phase.27 
After that, a lymphocytic infiltration will happen 
as a defense mechanism against systemic spread of 
bacteria and/or bacterial byproducts to other sites 
in the body, which is the granuloma phase.27 

In our study, the protocol used was doing pulp 
exposure and sacrificing the mice after 21 days. Some 
studies reported that in this period we have the 
granuloma phase,28 and also the immune/inflammatory 
response and the systemic and local bone metabolism 
can be responsible for the higher prevalence of chronic 
apical periodontitis in hypertensive patients when 
compared to normotensive ones.16

The immune system is not a primary cause of 
hypertension, but it is a secondary factor following 
initiation of pre-hypertension, which is mainly 
caused by genetics and lifestyle, exhibiting a modest 
elevation of blood pressure about 135 to 140 mmHg. 
Pre-hypertension and the resulting vascular injuries 
lead to production of damage-associated molecular 
patterns (DAMPs), neoantigens, and immune 
regulatory mediators promoting immune and 
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Figure 3. Averages of IL1α, IL1β and TNFα expressions. 
The value is in picograms of cytokines per milligram of 
periapical tissue. n = 5 for each group for each cytokine. No 
statistically significant difference was found.
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inflammatory responses. Toll-like receptor 4 (TLR4) 
plays a fundamental role in pathogen recognition and 
activation of innate immunity, being the key pro-
inflammatory signal in induction of hypertension 
target organ damage and periapical lesions.5,29,30 
So, it can be stated that hypertension can be considered 
an inflammatory vascular process10 and this is why 
studies suggest a greater tendency to a chronic nature 
of lesions in hypertensive patients.10

In our study the expression of IL1α, IL1β and TNFα 
were observed from the periapical lesions, which 
shows the inflammatory response. In our study, 
we did not found statistically significant difference 
between expressions in the pulp-exposed group 
compared to the non-exposed one. Nevertheless, 
it was expected that because pulp exposure induces 
periapical lesion, inflammation and bone resorption 
would present together. 

The results of the present study must be checked 
in different models once BPH/2J mice are genetically 

modified and the signs, symptoms and consequences 
of hypertension start to appear in older mice. 
However, to observe a standardized periapical 
lesion researchers usually use young adult mice. 
In our research, we used 7-week-old mice, which 
are adult mice, being not so young and not as old 
as necessary. So, we had a wide standard variation 
intragroup, as maybe some mice presented sequelae 
of hypertension while others did not. 

Conclusion
Despite the periapical lesion size and cytokines 

expressions being similar for the different systemic 
conditions, the hypertension condition leads to 
higher osteoclasts differentiation, which could 
influence the endodontic treatment outcome in such 
a systemic condition.
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