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Hypertension affects the 
biocompatibility and biomineralization 
of MTA, High-plasticity MTA, 
and Biodentine®

Abstract: This study evaluated the effect of hypertension on tissue response 
and biomineralization capacity of white Mineral Trioxide Aggregate 
(MTA), High-plasticity MTA (MTA HP), and Biodentine® (BDT) in rats. 
Polyethylene tubes filled with MTA, MTA HP, BDT, and the control group 
(empty tubes) were placed into the dorsal subcutaneous tissue of 32 male 
rats (16 normotensive (NT) and 16 hypertensive rats - 8 per group). After 7 
and 30 days, the polyethylene tubes surrounded by connective tissue were 
removed, fixed, and embedded in histological resin. The mean number of 
inflammatory cells was estimated in HE-stained sections, biomineralization 
was quantified as area (µm2) by Kossa (VK) staining, and examination 
by polarized light (LP) microscopy was performed. The differences 
amongst the groups were analyzed statistically by the Mann-Whitney or 
Student’s t test, according to Shapiro-Wilk test of normality (p < 0.05). The 
inflammatory responses to all materials were greater in hypertensive rats 
than in NT rats (p < 0.05). Positive VK staining in MTA and BDT were more 
pronounced in NT rats at 7 and 30 days (p < 0.05). Birefringent structures in 
LP for MTA, MTA HP, and BDT were more pronounced in NT rats at 7 days 
(p<0.05). In rats, hypertension was able to increase inflammatory infiltrate 
and decrease biomineralization of the tested materials.
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Introduction

Hypertension (HTN) is a chronic inflammatory disease diagnosed 
when systolic blood pressure exceeds 140 mmHg and diastolic pressure 
exceeds 90 mmHg.1,2 In contemporary society, blood pressure levels increase 
continuously with age.1,2,3 Over the years, people are more exposed to risk 
factors for HTN such as excessive consumption of sodium, insufficient 
consumption of potassium, alcohol consumption, sedentary lifestyles, 
and obesity, as well as genetic predisposition.4,5

It is estimated that approximately one in every four adults has HTN.6 
This population is more prone to cerebrovascular accident, heart failure, 
myocardial infarction, arterial aneurysm, chronic renal failure, and cognitive 
impairment. Therefore, HTN is one of the major causes of mortality and 
incapacitation in the world.1,2,3,6 HTN can modify calcium metabolism 
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leading to increased bone loss and consequent increase 
in calcium removal from bones,7 it can cause defects 
in bone healing, increase osteoclast activity, and 
favor pathologies such as rheumatoid arthritis and 
apical periodontitis.8,9 In addition, HTN is linked to 
the increase of reactive oxygen species in humans.10 
The high production of these molecules can lead 
to increased inflammation through the activation 
of other molecules with pro-inflammatory activity, 
such as tumor necrosis factor alpha (TNFα), which is 
associated with dysfunction and cell death.10 Moreover, 
high blood pressure can affect circulation and interfere 
with wound healing, once it reduces blood flow and 
oxygenation. Thus, HTN can negatively interfere in 
the process of bone and tissue repair.7

As HTN is a disease related to inflammatory 
disorders, it can interfere with the mineralization 
process after the use of bioactive endodontic materials.11 
Mineral Trioxide Aggregate (MTA) (Angelus® Industria 
de Produtos Odontologicos S/A, Londrina, Brazil), 
Biodentine® (BDT) (Biodentine; Septodont Inc., Saint-
Maur-des-Fosses, France), and High-plasticity MTA 
(MTA HP) (Angelus®) are calcium, silicate-based repair 
cements; the latter two are considerably recent materials, 
which are claimed to have better biological properties, 
exhibit biocompatibility, and induce tissue mineralization 
in the region where they are inserted.12,13,14,15 These 
materials are of clinical importance because they are 
recommended for pulp exposure, root perforations, 
and apexification.16,17,18,19 As HTN is a disease related 
to inflammatory disorders and can interfere with the 
biomineralization process, the aim of the present study 
was to investigate whether HTN interferes in the tissue 
response to MTA, MTA HP, and Biodentine® in rat 
subcutaneous tissues. The null hypothesis is that the 
tested materials show no differences in inflammatory 
reaction and in biomineralization capability between 
hypertensive and normotensive rats.

Methodology

Animals
Thirty-two (16 spontaneously hypertensive 

(SHR) and 16 normotensive (NT)) male Wistar rats 
aged 3 months were used in this study. Sample size 
estimates were based on data from a previous study,11 

considering an alpha error of 0.05 and an 80% power 
for a significant difference, at least eight animals per 
group were necessary. They were arranged into four 
groups: SHR-7, SHR-30, NT-7, and NT-30. The animals 
were housed in temperature-controlled rooms and 
received water and food ad libitum. Animal care was 
provided according to the Research Ethics Committee 
of Araçatuba School of Dentistry-UNESP, which 
approved the study protocol before the beginning 
of the experiments (FOA no. 00451-2017).

Surgical procedures
Polyethylene tubes (Abbott Labs of Brazil, São 

Paulo, SP, Brazil) with a 1.0-mm internal diameter, 
1.6-mm external diameter, and 10.0-mm length were 
filled with white MTA (Angelus®), MTA HP (Angelus®), 
and BDT (Septodont®) prepared according to the 
manufacturer’s instructions. Empty tubes were used 
as control. The surgical procedure was performed 
according to previous studies.11, 12, 14 The rats were 
anesthetized with ketamine (87 mg/kg Francotar; 
Virbac do Brasil Ind e Com Ltda, Roseira, Brazil) 
and xylazine (13 mg/kg Rompum; Bayer S A, São 
Paulo, Brazil) administered intramuscularly; their 
dorsa were shaved, the skin disinfected with 5% 
iodine solution, and a 2.0-cm incision was made in a 
head-to-tail orientation with a #15 Bard-Parker blade 
(BD, Franklin Lakes, NJ). The skin was reflected to 
create two pockets on the right side and two pockets 
on the left side of the incision. After the tubes were 
randomly implanted into the pockets and subsequently 
identified according to the material received, the skin 
was closed with 4.0 silk sutures.

Systolic blood pressure measurements
Systolic blood pressure (SBP) was checked in two 

periods, at preoperative time and before euthanasia, 
by indirect tail-cuff plethysmography by using 
Physiograph®, MK-III-S (Narco Bio-systems, Houston, 
Texas, USA), adapted for this purpose.20

Histological analysis
At 7 and 30 days after implantation, animals were 

euthanized by an overdose of anesthetic; the tubes 
with surrounding tissue were removed and fixed in 
10% formalin solution (pH = 7.0). The tubes were then 
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bisected transversely, and both halves were cut again 
longitudinally with the use of a sharp blade, allowing 
the surfaces to be readily kept in contact with the 
processing solutions. The specimens were processed 
with glycol methacrylate (GMA). Serial sections 3-mm 
thick were stained with hematoxylin-eosin, whereas 
10-mm sections were processed by von Kossa staining 
or directly examined under polarized light.11,12

Quantitative analysis was performed in all samples 
or implants: tissue in contact with the material at 
the tube opening was assessed by counting the 
average number of inflammatory cells (neutrophils, 
lymphocytes, plasma cells, and macrophages) and 
stained with hematoxylin-eosin in 10 randomly 
selected microscopic fields at 400x magnification by a 
certified histologist (trained and calibrated) blinded 
to the experimental condition.11 Biomineralization 
per µm2 was determined using Qwin software 

(Leica Microsystems, Wetzlar, Germany). After the 
Shapiro-Wilk test of normality, the Mann-Whitney 
test was performed for nonparametric data, and 
a t test was performed for parametric data, using 
GraphPad Prism 7 software (La Jolla, CA). A p < 0.05 
was considered statistically significant. 

Results

Blood pressure monitoring
Systolic blood pressure of SHR-7 and SHR-30 

was higher (p < 0.05) than in NT-7 and NT-30 
rats, respectively, at both times of measurement 
(preoperatively and before euthanasia) (Table 1).

Histological analysis of inflammatory cells
The average number of inflammatory cells 

determined at days 7 and 30 is shown in Table 2. 

Table 1. Systolic blood pressure ± SD of normotensive and hypertensive rats. 

Systolic blood pressure 7 days 30 days

Groups Preoperative Before euthanasia Preoperative Before euthanasia

Normotensive 103.4 ± 2.6 106.2 ± 2.2 104.7 ± 2.7 105.1 ± 2.1

Hypertensive 169.2 ± 3.5* 172.7 ± 2.9* 170.3 ± 2.4* 174.1 ± 3.3*

*p < 0.05 between normotensive and hypertensive rats (Student’s t test).

Table 2. Means of inflammatory response and biomineralization area under hypertensive and normotensive conditions in the control 
group, Mineral Trioxide Aggregate (MTA), High-plasticity MTA (MTA HP) and Biodentine® (BDT) at 7 and 30 days. 

Material
7 days 30 days 

Normotensive (Mean ± SD) Hypertensive (Mean ± SD) Normotensive (Mean ± SD) Hypertensive (Mean ± SD)

Inflammatory-H&E

Control 304.0 ± 45.5A 324.5 ± 11.2A 161.3 ± 73.0A 165.7 ± 76.2A

MTA 233.0 ± 59.0A 415.3 ± 167.5B 169.7 ± 36.1B 282.8 ± 59.4B

MTA HP 147.3 ± 116.6A 352.0 ± 82.2B 166.6 ± 92.3B 295.6 ± 55.8B

BDT 207.2 ± 36.8A 411.8 ± 50.7B 100.0 ± 22.8B 297.0 ± 110.7B

Biomineralization-VK

Control 0 A 0 A 0 A 0 A

MTA 73.614.629 ± 59.9 A 6.245.385 ± 51.5 B 103.313.886 ± 69.6 A 12.260.179 ± 13.4 B

MTA HP 37.331.307 ± 17.5 A 30.793.842 ±  3.5 A 58.731.524 ± 74.7 A 46.553.449 ± 57.1 A

BDT 133.436.322 ± 46.3 A 31.826.145 ± 17.3 B 53.529.373 ± 21.3 A 17.764.056 ± 88.3 B

Biomineralization-LP

Control 0 A 0 A 0 A 0 A

MTA 29.038.163 ± 15.9 A 7.972.073 ± 17.2 B 19.173.252 ± 15.1 A 6.200.072 ± 7.8 A

MTA HP 30.807.951 ± 16.0 A 11.221.218 ± 17.0 B 11.203.325 ± 14.9 A 7.828.218 ± 8.9 A

BDT 16.450.616 ± 91.6 A 5.096.514 ± 53.8 B 8.535.598 ± 8.0 A 3.985.838 ± 3.4 A

*Different letters indicate statistically significant differences between normotensive and hypertensive conditions at 7 and 30 days (p < 0.05).
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In the control group, there was no statistical difference 
between NT and hypertensive rats in all periods of 
analysis (p > 0.05) (Table 2). MTA, MTA HP, and BDT 
induced inflammatory response in all periods of 
analysis. However, a higher number of inflammatory 
cells was observed in hypertensive rats when compared 
to NT rats at 7 days (p < 0.05) (Table 2). Macrophages 
and lymphocytes were the predominant cell types 
detected in the tissue (Figure 1).

Histological analysis of biomineralization
The analysis using von Kossa staining revealed the 

presence of positive calcifications in all materials and 
in all periods of analysis (Table 2, Figure 2). On the 

other hand, positive calcifications were not present 
in control groups. In the MTA and BDT groups, 
a greater area of biomineralization was found in 
NT rats when compared to hypertensive ones in all 
periods of analysis (p < 0.05) (Table 2). In the MTA 
HP group, a similar area of positive calcifications was 
observed in NT rats when compared to hypertensive 
ones in all periods of analysis (p > 0.05) (Table 2).  

The analysis of birefringence under polarized light 
revealed the presence of calcifications in all materials 
in all periods of analysis (Table 2, Figure 3). In the 
control group, there was no presence of calcifications. 
At 7 days, a greater area of calcifications was found 
in NT rats when compared to hypertensive ones 

Figure 1. Representative images of inflammatory reaction in normotensive/hypertensive condition (NT/SHR), stained with 
hematoxylin-eosin. Fibrous capsule with greater density of inflammatory infiltrate (asterisk) (macrophages and lymphocytes) in the 
presence of MTA, MTA HP, and BDT under hypertensive conditions at 7 and 30 days (Scale bars: 200 μm; Original magnification: 
100×). *Mineral Trioxide Aggregate (MTA), High-plasticity MTA (MTA HP), and Biodentine® (BDT).
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in all materials (p < 0.05) (Table 2). At 30 days, a 
similar area of calcifications was observed in all 
materials, regardless of the hypersensitive condition 
(p > 0.05) (Table 2).

Discussion

The present study shows that HTN is able to 
increase tissue inflammation and decrease the 
biomineralization capacity of calcium silicate-based 
repair cements. To the authors’ knowledge, only one 
study has shown that HTN alters the biocompatibility 

and biomineralization of MTA.11 Therefore, this 
is the first study to show that tissue reaction and 
biomineralization are negatively affected by HTN 
in BDT® and MTA HP.

T he  SHR model  wa s  u s ed b e cau s e  i t s 
pathophysiology is similar to that of hypertension 
in humans.21 SHR were developed by genetic 
endogamy (brother-to-sister), resulting in 100% natural 
hypertensive disease, thus developing hypertension 
without physiological, pharmacological, or surgical 
intervention.21 These animals are born normotensive 
with mean arterial pressure around 112 mmHg and 

Figure 2. Representative images of biomineralization determined by von Kossa staining under normotensive/hypertensive conditions 
(NT/SHR). The black areas represent presence of calcifications. MTA, MTA HP, and BDT induced biomineralization, which was not 
observed in the control group. MTA HP induces similar mineralization under normotensive/hypertensive conditions in both periods 
of analysis. More consistent biomineralization was observed in MTA and BDT under normotensive condition at 7 and 30 days 
(Scale bars: 200 μm; Original magnification: 100×). *Mineral Trioxide Aggregate (MTA), High-plasticity MTA (MTA HP), and 
Biodentine® (BDT).
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spontaneously develop hypertension, reaching values 
higher than 150 mmHg at 3 months of life; male 
SHR have markedly higher diastolic and systolic 
blood pressure compared to female SHR.22,23 Due 
to sex characteristics and the time of development 
of blood pressure, SHR males aged 3 months of life 
were used in this study. Subcutaneous implantation 
was used to analyze biocompatibility, as it is an 
appropriate model for evaluating the response of 
the potential biomaterials in the tissue.12,13,14,24 The 
dispersion area of the material in the subcutaneous 
tissue is delimited by the polyethylene tube, which is 
useful for evaluating the local effects of biomaterials 
on the area of interest, following International 

Standard ISO 10993-6.25 In addition, it is a method 
for preliminary in vivo evaluation of tissue response 
induced by the materials.25

Biocompatible materials are not inert, but should 
not cause an intense physiological response in the 
host. Mineral Trioxide Aggregate, High-plasticity 
MTA, and Biodentine® remain in contact with pulp 
tissue and/or periapical tissue when clinically applied. 
Therefore, these materials must be biocompatible and 
induce the development of a mineralized tissue that 
can protect vital tissues and also assist in the repair 
process of the region.14

The present study showed that inflammatory 
response was more exacerbated in MTA, MTA HP, and 

Figure 3. Representative images of biomineralization determined by polarized light microscopy under normotensive/hypertensive 
conditions (NT/SHR). Birefringent structures in the tissue represent presence of calcifications. MTA, MTA HP, and BDT induced 
biomineralization, which was not observed in the control group. More consistent biomineralization was observed in MTA, MTA 
HP, and BDT under normotensive conditions, especially at 7 days (Scale bars: 200 μm; Original magnification: 100×). *Mineral 
Trioxide Aggregate (MTA), High-plasticity MTA (MTA HP), and Biodentine® (BDT).
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BDT when implanted in SHR. This is consistent with 
another study that shows that calcium silicate-based 
cement inflammation increases in the presence of 
HTN.11 Host response to substances released by 
materials is the main factor that influences progression 
and the type of inflammatory infiltrate. Immune 
cells release cytokines and growth factors that play 
a key role in the inflammatory process.26 However, 
tissue response to cement may be altered in HTN 
because of increased proliferation and infiltration of 
lymphocytes and also because of increased plasma 
concentrations of proinflammatory cytokines such 
as interleukin-6 (IL-6), interleukin-1 beta (IL-1β), and 
tumor necrosis factor alpha (TNF-α), stimulated by 
the high level of angiotensin II and up-regulation of 
C-reactive protein.10 

The lower mineralization quality presented by the 
materials in the hypertensive groups could be related 
to the ability of HTN to affect mineralized tissues due 
to the increased serum levels of parathyroid hormone. 
This hormone leads to the activation of vitamin D, 
which is responsible for stimulating the breakdown 
of bone through the activation and proliferation of 
osteoclasts, increasing blood calcium levels and calcium 
excretion by the kidneys. Furthermore, angiotensin 
II up-regulates RANKL expression, which binds to 
RANK, a receptor present on the surface of osteoclast 
precursors, initiating osteoclast differentiation 
and activation, resulting in more osteoclasts than 
osteoblasts. These conditions lead to increased 
mineral loss, suggesting a negative association among 
high blood pressure and bone mineral density, bone 
modeling, and mineralization.27,28,29,30

The materials used in this study are based on 
calcium silicate but with some specific characteristics: 
MTA is composed of course particles, hence the 
“sandy” feel.31 Due to the physical properties inherent 
to the MTA powder, the sandy consistency hinders 
manipulation and transport of the material to the 
site of repair. To improve these characteristics, 
MTA HP was developed, and according to the 
manufacturer, the result is a product with greater 
plasticity, facilitating manipulation and insertion in 
the dental cavity.31 In BDT, the water base, supplied in 
ampoules, contains a “plasticizer” (polycarboxylate) 
and calcium chloride to enhance the properties 

and speed up the setting;32 its fine powder and 
faster setting are improvements over the original 
MTA.33 When these materials come into contact 
with tissue, they release calcium and hydroxyl ions, 
and these ions form calcium hydroxide, increasing 
pH and consequently triggering an inflammatory 
response.34, 35 These ions react with the carbon 
dioxide present in the tissue, originating calcified 
structures (amorphous form of calcium phosphate 
and/or carbonate apatite) that are related to the 
decrease of inflammation and are also related to the 
process of tissue biomineralization, which promotes 
repair.11,12,14,24,34,35,36 

In the present study, biomineralization was 
evaluated by the von Kossa method and by the presence 
of birefringent structures under polarized light, which 
detects production of Ca and P surface precipitates and 
a Ca- and P-rich layer at the interface between material 
and tissue.37 Polarized light microscopy, a variation 
of standard light microscopy, is frequently used to 
help identify crystalline materials in histological 
sections without using exogenous dyes or labels.37 
The von Kossa technique is a histological staining 
method that is frequently used to identify calcified 
structures.11,12,14, 24 Viola et al.24 compared von Kossa 
staining in the tibiae of non-decalcified rats with 
biomaterial-induced marking the basis of calcium 
silicate in the subcutaneous tissue of rats. The authors 
concluded that calcified structures marked in the 
subcutaneous tissue were similar to those marked 
in the tibia, suggesting that calcium silicate-based 
biomaterials are able to induce the deposition of 
calcified structures.24 Moreover, positive von Kossa 
labeling and birefringence under polarized light of 
rat connective tissues show that these biomaterials 
have osteoinductive potential.24,35 

Hypertension negat ively in f luenced the 
deposition of calcified components in MTA and 
BDT, compromising their biomineralization ability. 
In the MTA HP group, similar deposition of calcified 
components was observed in the NT group in both 
periods of analysis. Birefringent calcified components 
were less present in HTN after 7 days in the MTA, 
MTA HP, and BDT groups, suggesting that the initial 
phase of biomineralization was compromised in HTN. 
However, further immunohistochemical studies for 
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analysis of mineralization and inflammation markers 
could be conducted.

These materials have to be tested before being 
launched in the market and applied in the global 
community presenting the most varied systemic 
disorders. Our research group is centered on 
biological investigations and this is the first study 
on these materials under hypertensive conditions. 
As in any preclinical experimental research, the 
outcomes of this study should be viewed with 
caution because of some methodological limitations. 
The use of animals enables us to examine these 
materials under remarkably controlled laboratory 
conditions prior to their use in humans; however, it 
does not portray precisely the conditions manifested 
by humans. Moreover, although SHR is the closest 
experimental animal model to human hypertension, 
the results should be taken into consideration 

the expectations in humans, since hypertension 
alters the biocompatibility and biomineralization 
of repair materials.

Conclusion

HTN was able to increase inflammatory infiltrate 
and decrease the biomineralization of MTA, MTA 
HP, and BDT.
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