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Abstract
Background—Systemic renin-angiotensin system (RAS) promotes plasmatic production of
angiotensin (Ang) II, which acts through interaction with specific receptors. There is growing
evidence that local systems in various tissues and organs are capable of generating angiotensins
independently of circulating RAS. The aims of this work were to: 1) study the expression and
localization of RAS components in rat gingival tissue and 2) evaluate the in vitro production of Ang
II and other peptides catalyzed by rat gingival tissue homogenates incubated with different Ang II
precursors.

Methods—Reverse transcription-polymerase chain reaction (RT-PCR) assessed mRNA
expression. Immunohistochemical (IHC) analysis aimed to detect and localize renin. Standardized
fluorimetric method with tripeptide Hippuryl-Histidyl-Leucine (Hip-His-Leu) was used to measure
tissue ACE activity, while high performance liquid chromatography (HLPC) showed products
formed after incubation of tissue homogenates with Ang I or tetradecapeptide renin substrate (TDP).

Results—mRNA for renin, angiotensinogen, ACE and Ang II receptors (AT1a, AT1b and AT2)
was detected in gingival tissue; cultured gingival fibroblasts expressed renin, angiotensinogen and
AT1a receptor. Renin was present in the vascular endothelium and intensely expressed in the
epithelial basal layer of periodontally affected gingival tissue. ACE activity was detected (4.95±0.89
nmol His-Leu/g.min). When Ang I was used as substrate, Ang 1-9 (0.576±0.128 nmol/mg.min), Ang
II (0.066±0.008 nmol/mg.min) and Ang 1-7 (0.111±0.017 nmol/mg.min) were formed, whereas these
same peptides (0.139±0.031; 0.206±0.046 and 0.039±0.007 nmol/mg.min, respectively) and Ang I
(0.973±0.139 nmol/mg.min) were formed when TDP was the substrate.

Conclusion—Results presented here clearly show existence of a local RAS in rat gingival tissue,
which is capable of generating Ang II and other vasoactive peptides in vitro.
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Circulating renin-angiotensin system (RAS) is an endocrine system that promotes the
formation of angiotensin (Ang) II, which exerts its effects through the interaction with specific
AT1 and AT2 receptors. Ang II is generated by renin action, an enzyme produced in the
kidneys, on plasmatic angiotensinogen, produced in the liver, thus forming the biologically
inactive decapeptide Ang I (Asp1-Arg2-Val3-Tyr4-Ile5-His6-Pro7-Phe8-His9-Leu10), which is
cleaved in its Phe8-His9 bond by angiotensin I-converting enzyme (ACE), present in abundance
on pulmonary endothelium, to finally generate the active octapeptide Ang II (Asp1-Arg2-
Val3-Tyr4-Ile5-His6-Pro7-Phe8).1-3

This classic concept of the circulating RAS has been modified since evidence strongly suggests
the participation of different tissues and organs in the formation of Ang II. There is substantial
evidence for the presence of essential components of RAS in a variety of tissues, including
brain, heart, kidney, gonads, ovary, bone, skeletal muscle, adipose tissue, pancreas, carotid
artery, umbilical cord and dental pulp, thus suggesting the existence of a local RAS capable of
generating angiotensins independently of the circulating RAS.2-8 Besides Ang II, other
vasoactive peptides like Ang 1-9 and Ang 1-7 may also be formed by the enzymatic actions
of carboxypeptidases such as angiotensin-converting enzyme-2 (ACE2)3,9-11 and neutral
endopeptidases.11,12

Recent data support the hypothesis that RAS is key mediator of inflammation. Besides being
a potent vasoactive peptide, Ang II increases adhesion molecules, cytokines and chemokines
and exerts a proinflammatory effect on leucocytes, endothelial cells and vascular smooth
muscle cells. Acting via the type 1 receptor, Ang II initiates an inflammatory cascade of reduced
nicotinamide-adenine dinucleotide phosphate oxidase, reactive oxygen species (ROS) and
nuclear factor-kappaB, which mediates transcription and gene expression and increases
adhesion molecules and chemokines. AngII also participates in tissue repair and remodeling,
through the regulation of cell growth and matrix synthesis.13-15 It has been demonstrated that
Ang II stimulates proliferation of guinea-pig and rabbit gingival fibroblasts,16,17 and in human
gingival fibroblasts it induces prostaglandin E2 release, which is involved in the pathogenesis
of periodontal disease.18

A few reports have provided evidence on the existence of some RAS components in oral tissues,
especially AT1 and AT2 receptors, in gingival tissue and cultured gingival fibroblasts of
different species.8,16-19 To date no report has unequivocally documented the existence of other
important RAS components, such as renin and angiotensinogen, in the gingival tissue.
Therefore, the aims of this work were to: 1) study the expression and localization of RAS
components in rat gingival tissue and 2) evaluate the in vitro production of Ang II and other
peptides catalyzed by rat gingival tissue homogenates incubated with different precursors of
Ang II.

Material and Methods
Ethical aspects

The protocol for this study was approved by the Ethics Committee on Animal Research of the
Bauru School of Dentistry, University of São Paulo (protocol #20/2004). A total of 25 male
Wistar rats weighing from 300 to 400 g were used. These animals were housed in temperature-
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controlled rooms and received water and food ad libitum. In order to obtain all the gingival
samples from the first molar perimeter employed in this study, rats were euthanized with an
excessive dose of thiopental§§ (60 mg/kg, intraperitoneally).

Culture of gingival fibroblasts
Gingival fibroblasts were cultured and used for total RNA extraction. These cells were cultured
using an explant technique. Samples of the gingival tissue from 3 animals were pooled and
minced with a blade into small fragments and grown in proper medium*** supplemented with
15% fetal bovine serum††† and antibiotics‡‡‡ (100 μg/mL penicillin, 100 μg/mL streptomycin
and 0.5 mg/mL amphotericin B). Cultures were maintained at 37°C in a humidified atmosphere
of 5% CO2 and 95% air. Confluent cells were detached with 0.25% trypsin and 0.05% EDTA
for 5 min. Fibroblasts were used between fourth and eighth passages for total RNA extraction.

Induction of Periodontal Disease
The experimental periodontitis model in rats is described elsewhere.22 Five rats were
anesthetized by intraperitoneal injection of thiopental (60 mg/kg), and a silk thread ligature
was placed around the lower right first molar in a submarginal position to induce experimental
periodontitis. The rats were sacrificed after 30 days, and gingival biopsies were harvested and
processed for immunohistochemical analysis.

Total RNA extraction
For the RT-PCR studies, frozen gingival samples (n = 5 animals) embedded in reagent§§§ (0.1
g tissue/1 mL reagent) were homogenized with a tissue homogenizer**** and total RNA was
isolated by guanidinium isothiocyanatephenol-chloroform extraction, as we described
previously.20-23 Briefly, after homogenization, chloroform extraction, isopropanol
precipitation, and 70% (volume/volume) ethanol washing of precipitated RNA were
performed. Total RNA from fibroblasts was isolated following the manufacturer's
instruction†††† as we previously described.21 Total RNA was resuspended in diethyl
pyrocarbonate-treated water and treated with DNase‡‡‡‡, according to the manufacturer's
instructions, for 15 min at room temperature to remove any potential genomic DNA
contamination. After RNA concentration measurement with a spectrophotometer at 260 nm,
and RNA quality assessment it was stored at −80°C until use.

Detection of RAS components mRNA using reverse transcription – polymerase chain
reaction (RT-PCR)

First-strand cDNA synthesis was performed using total DNase-treated RNA from gingival
biopsies or cultured gingival fibroblasts as we published elsewhere.21-23 Random
hexadeoxynucleotides (0.2 μg), RT buffer [45 mM Tris–HCl (pH 8.3), 68 mM KCl, and 9 mM
MgCl2], 0.08 mg/mL bovine serum albumin, 15 mM DTT, 1.8 mM dNTPs, and 150 units of
reverse transcriptase were utilized, as provided by the manufacturer§§§§. cDNA was
synthesized during a 60-min incubation at 37°C, and the reaction was terminated by heating
at 90°C for 5 min. RT products (3 μL) served as the template for PCR amplification, using
specific primers***** (Table 1). All PCR reactions were performed in a total volume of 50

§§
Thiopentax, Cristália®, Campinas, SP, Brazil***
Dulbecco's modified Eagle's medium, Invitrogen Life Technologies, Carlsbad, CA.†††
Cultilab, Campinas, SP, Brazil.‡‡‡
Invitrogen.§§§
TRIzol, Invitrogen.****
Scientific Specialties Incorporated, Lodi, CA.††††
RNeasy Mini Kit, Qiagen, Valencia, CA.‡‡‡‡
Promega, Madison, WI.§§§§
First-strand cDNA synthesis kit, Amersham Pharmacia, Piscataway, NJ.
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μL, which was composed of 20 pmol (0.4 μM) of each primer, PCR buffer [20 mM Tris–HCl
(pH 8.4), 50 mM KCl], 0.2 mM dNTPs, and 2.5 units of recombinant Taq DNA
polymerase†††††. Temperature cycling consisted of an initial denaturation step for 2 min at
94°C, followed by 40 cycles of amplification. In pilot experiments this number of cycles did
not reach the saturation of the PCR reaction for all targets. For angiotensinogen (2.0 mM
MgCl2),24 renin (2.0 mM MgCl2)24 and the constitutively expressed gene β-actin (1.5 mM
MgCl2),20 each round consisted of denaturation for 45 s at 94°C, annealing for 30 s at 58°C,
and extension for 1 min at 72°C. For AT1a, AT1b and AT2 receptors (1.5 mM MgCl2),25 each
round consisted of denaturation for 60 s at 94°C, annealing for 60 s at 60°C, and extension for
1 min at 72°C. For ACE (1.5 mM MgCl2),26 each round consisted of denaturation for 60 s at
94°C, annealing for 60 s at 61°C, and extension for 2 min at 72°C. Samples were incubated
for an additional 10 min-period at 72°C for terminal elongation after the completion of the
final cycle. For each set of primers, RT-PCR was performed on sterile water to check for
contamination and, for each sample, PCR was conducted on RNA (no-RT) to check for
genomic DNA contamination. A 9 μL-aliquot of each sample was electrophoretically size
fractionated on a 2% agarose gel containing ethidium bromide (0.5 μg/mL). DNA was
visualized under ultraviolet light to detect the presence of PCR amplification products at the
anticipated sizes. The size of the PCR products was determined by comparison with the 100-
bp ladder‡‡‡‡‡. The agarose gel, containing amplified products, was scanned and analyzed
by a computer program§§§§§ to obtain numeric values that permitted a semiquantitative
comparison between each target and the constitutive control β-actin.

Immunohistochemical analysis to detect and localize renin
Immunohistochemical analysis was performed as previously described, with minor
modifications.22,24 Gingival biopsies (n = 2 animals without periodontal disease induction and
n = 5 animals in which periodontal disease was induced) were harvested and fixed on 10%
formaldehyde solution for 48 hours. Samples were routinely processed for paraffin embedding
in blocks of approximately 8×10×6 mm. Sections 5-μm thick were obtained and adhered on
slides for immunohistochemical analysis. Tissue sections were deparaffinized and the activity
of endogenous peroxidase was blocked with 0.3% hydrogen peroxide solution in methanol
(0.01 M) for 30 min. Non-specific binding was blocked by incubating the sections for 30 min
with blocking solution******. Sections were incubated with primary goat polyclonal anti-
renin antibody†††††† diluted 1:200 in Tris buffered saline (TBS, 0.03 M Tris-HCl containing
0.15 M NaCl, pH 8.1) containing 1% horse serum‡‡‡‡‡‡ for 60 min at 4°C. The sections were
then rinsed with TBS and incubated with biotinylated horse anti-goat secondary
antibody§§§§§§ diluted 1:100 in TBS-1% horse serum for 30 min at room temperature.
Sections were rinsed in TBS containing 0.1% Triton X-100*******, and incubated with the
ABC reagent for 30 min at room temperature according to the manufacturer's
instructions†††††††. Peroxidase activity was visualized with 3,3'-diaminobenzidine
tetrahydrochloride‡‡‡‡‡‡‡ solution containing 1 mL/L hydrogen peroxide solution for 3 min
under light protection. Reaction was halted by rinses with distilled water, and slides were then
counterstained with hematoxylin§§§§§§§ for 2 min at room temperature according to the

*****
Dialab Diagnósticos, Belo Horizonte, MG, Brazil.†††††
Promega.‡‡‡‡‡
Low DNA mass ladder, Invitrogen.§§§§§
Gel-Pro Analyzer, Media Cybernetics, Inc., Silver Spring, MD.******
S0809, Dako, Carpinteria, CA.††††††
sc 27318, Santa Cruz Biotechnology, Inc., Santa Cruz, CA.‡‡‡‡‡‡
S-200, Vector Laboratories, Inc, Burlingame, CA.§§§§§§
BA-9500, Vector Laboratories, Inc.*******
Bio-Rad, Hercules, CA.†††††††
PK-6200, Vector Laboratories.‡‡‡‡‡‡‡
DAB, SK-4100, Vector Laboratories.
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manufacturer's instructions. The primary antibody was not used in negative controls. Positive
controls were performed on paraffin-embedded longitudinal sections of rat renal cortex.

Measurement of ACE activity
We followed the description of previous works by our group and others in order to measure
ACE activity using Hip-His-Leu as substrate.27-31 Gingival biopsies (n = 5 animals) were
thawed, weighed and homogenized******** in 0.05 M sodium borate buffer, pH 7.4 (adjusted
with 0.5 M NaOH), containing 0.32 M sucrose. After centrifugation, supernatants (20 μL) were
incubated at 37°C with 200 μL of a 5 mM Hip-Lis-Leu solution in TBS. After 60 min, the
enzyme reaction was stopped by the addition of 1.0 mL of 0.5 M NaOH. The dipeptide His-
Leu was detected by the addition of 0.1 mL of 1% o-phthaldialdehyde (weight/volume, in
ethanol), followed 4 min later by the addition of 0.2 mL of 6 M HCl. The dipeptide His-Leu
was measured fluorimetrically (365 nm for excitation and 495 nm for emission††††††††).
Standard curves for His-Leu (0–20 nmol) were prepared under the same conditions. All
measurements were made in duplicate. ACE activity was expressed in nmoles of His-Leu per
minute per gram of gingival tissue.

Measurement of enzymatic activities through high performance liquid chromatography
(HPLC)

Rat gingival biopsies (n = 5 animals) were thawed, weighed and homogenized in TBS. After
centrifugation, supernatants (10 µL) were incubated separately with either Ang I (30 nmol),
renin substrate tetradecapeptide (TDP, 25 nmol) or Ang II (30 nmol) in TBS, in a final volume
of 150 µL, for 20 min at 37°C. Incubations were terminated by the addition of 40 µL of 5%
trifluoroacetic acid (TFA) in 4% glycerol for each reaction tube. The cleavage of Ang I, TDP
and Ang II was assessed by reversed-phase HPLC analysis on equipment‡‡‡‡‡‡‡‡ fitted with
a 4 × 250 mm Shim-pak ODS column; peptides were eluted with a linear gradient of acetonitrile
concentration (12-32%, 30 min) in 0.1 % TFA, at a flow rate of 1.0 mL/min, and were monitored
by absorbance at 215 nm, as we previously described.32 Molar concentrations of Ang II or
other products formed were calculated based on the comparison with known concentrations of
cognate synthetic substrates. Enzymatic activity was expressed in nmoles of product per minute
per milligram of gingival tissue.

RESULTS
Fig. 1 illustrates mRNA detection in one sample of gingival tissue (upper panel) and cultured
gingival fibroblasts (lower panel). While the rat gingival tissue expressed all the RAS
components studied, gingival fibroblasts only expressed angiotensinogen, renin and AT1a
receptor. Fig. 2 shows a distinct mRNA expression for the different targets in relation to β-
actin in the whole gingival tissue as compared with gingival fibroblasts.

Fig. 3 unequivocally illustrates the presence of renin predominantly in vascular endothelium
(arrows). The negative control, derived from a serial cut, did not show any signal of positive
staining. Antibody specificity and sensitivity were tested in immunohistochemical analysis of
sections known to contain the specific antigen. Examination of renal cortex stained with renin
antibody demonstrated specific staining of renin in juxtaglomerular cells as expected (Fig. 4A).

The enzymatic assay with the tripeptide Hip-His-Leu tested the in vitro functionality of the
gingival RAS detected by RT-PCR and immunohistochemistry. Results shown in Table 2 are

§§§§§§§
H-3401, Vector Laboratories.********
Potter S homogenizer, B. Braun, Biotech Intern, Bethlehem, PA.††††††††
Shimadzu RF-535, Japan.‡‡‡‡‡‡‡‡
Shimadzu SCL-6B, Japan.
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complementary to those from Fig. 1 since they demonstrate that rat gingival tissue not only
express mRNA for ACE, but also produces the active enzyme, which is present in the gingival
homogenate.

HPLC was used to detect enzymatic activities capable of generating Ang II and other peptides
from the Ang II precursors, Ang I (Table 3 and Fig.4A) and TDP (Table 3 and Fig.4B). Besides,
HPLC was also used to investigate the existence of enzymatic activities that could degrade
Ang II. The hydrolysis products revealed the formation of Ang 1-9, Ang II and Ang 1-7 with
both precursors. Additionally, Ang I was formed when TDP was used as the substrate, and a
very low Ang II-degrading activity could be detected, under the conditions employed (Table
3 and Fig. 4C).

DISCUSSION
The present work first documents the existence of a local RAS in the rat gingival tissue. The
few reports in the literature on this subject had only showed the presence of some RAS
components, mainly Ang II receptors, in the rat gingival tissue and cultured gingival fibroblasts
from different species.16-19 To date, the presence of other important RAS components, such
as renin and angiotensinogen, had never been shown in the gingival tissue. Therefore, our work
represents an important contribution to the study of local RAS in specific tissues independently
of the circulating RAS.

The isolated analysis of the positive results in immunohistochemical experiments that detected
and localized renin in endothelial cells (Fig. 3B) could not definitely bring conclusions as to
the origin of this enzyme since the positive staining could have occurred due to circulating
renin uptake by endothelial cells.33 On the other hand, the results obtained by means of RT-
PCR (Figs. 1 and 2) showed that rat gingival tissue and cultured gingival fibroblasts are capable
of expressing mRNA for this enzyme. Even though the possibility of renin uptake by gingival
vascular endothelium may not be excluded, the combined analysis of both
immunohistochemical and RT-PCR results strongly suggests that renin is locally produced in
the rat gingival tissue, for example in gingival fibroblasts (mRNA expression, Figs. 1 and 2)
and endothelial cells (immunostaining, Fig. 3B). Additionally, the intense renin staining in the
epithelial basal layer of periodontally diseased samples, as opposed to the absence of staining
in the same region of healthy samples, provides further evidence of a local renin production.

RT-PCR experiments also demonstrated the ability of the rat gingival tissue to express ACE
mRNA. In order to check whether this enzyme is locally produced, a specific method to
measure ACE activity with the tripeptide Hip-His-Leu was used to detect the release of the
dipeptide His-Leu by an enzymatic activity present in rat gingival tissue homogenates. The
results clearly showed the presence of ACE activity in all the samples tested (Table 2). As far
as the cellular source of ACE, the data obtained in this work suggest that gingival fibroblasts
do not produce this enzyme since ACE mRNA was not expressed by these cells. Although we
did not perform confirmatory experiments, reports in the literature document that endothelial
cells represent a potential source of ACE.34,35

RT-PCR experiments showed difference in the level of mRNA expression for the target
proteins studied in this work. Gingival tissue expresses angiotensinogen, renin, ACE and the
receptors AT1a, AT1b and AT2 with different intensities in relation to β-actin. The whole
tissue shows high expression of AT1a, AT1b and AT2 mRNA and low expression of
angiotensinogen, renin and ACE, whereas cultured gingival fibroblasts only express
angiotensinogen, renin and AT1a receptor. The lower expression of renin and AT1a receptor
mRNA by cultured fibroblasts in comparison with the whole gingival tissue suggests that other
cellular types of this tissue express mRNA for such proteins. For example, epithelial cells
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express Ang II receptors,36,37 while mast cells represent an abundant source of renin.38,39

Interestingly, in the presence of periodontal disease, our results showed that besides endothelial
cells, other gingival cell types, such as epithelial cells, produce great amounts of renin, as
opposed to an undetectable renin production in the epithelium of healthy gingiva (Fig.3C and
D).

Our findings corroborate those by other authors concerning the expression of AT1 receptors
by cultured gingival fibroblasts from different species such as guinea pig, human, ferret and
rabbit.16-19 On the other hand, our data contrast with those by Ohuchi et al.,17 who documented
the production of AT2 receptor through Western blot technique in cultured rabbit gingival
fibroblasts. The results presented here also contrast with those by Ohuchi et al.,16 since these
authors demonstrated that treatment with captopril, an ACE inhibitor, decreased the
proliferation of cultured ferret gingival fibroblasts stimulated with Ang II, that is, indirectly
the authors demonstrated ACE presence in these cells. Under the conditions employed in the
present research, ACE mRNA expression was not detected in fibroblasts. One factor to be
taken into account for the absence of mRNA expression of some RAS components in cultured
gingival fibroblasts is the sensitivity of semi-quantitative RT-PCR. Another factor that may
be considered is the possibility that gingival tissue or cultured gingival fibroblasts increase
their expression of RAS components when exposed to a challenge such as an inflammatory
event. There are reports of augmented expression of RAS components in the presence of
inflammation that support this assumption.8,40,41 and also our results of intense renin staining
in periodontally diseased gingival tissue (Fig. 3D). It is worth mentioning that Ang II itself has
proinflammatory actions,42 therefore one could suggest that Ohuchi et al.16 induced an
inflammatory process on cultured gingival fibroblasts with exogenous Ang II. It is important
to consider that both the gingival tissue and the cultured gingival fibroblasts studied in this
work presented a healthy condition compatible with homeostasis (except for the renin
immunostaining in periodontally diseased gingiva). Future works should explore more deeply
the effect of an inflammatory process (periodontal disease, for example) or proinflammatory
substances on the expression of gingival RAS components since we detected an intense renin
expression in gingival tissue affected by induced periodontal disease (Fig.3D).

When Ang I was used as substrate, the formation of three main products was observed: Ang1-9,
in higher amount, followed by Ang 1-7 and Ang II, in a lower amount. On the other hand, when
TDP was used as substrate, Ang I generation was mainly observed, followed by Ang II, Ang
1-9 and Ang 1-7 in descending order of product formation. These results suggest that maybe
Ang II was formed due to sequential cleavage of Ang I by carboxypeptidase(s). Currently,
much emphasis has been given to ACE2, a carboxypeptidase capable of sequentially
hydrolyzing Ang I, leading to the formation of Ang 1-9, Ang II and Ang 1-7; although it is
important to stress that this enzyme has a superior catalytic activity towards Ang II than Ang
I.9,10,43 ACE may also be a potential candidate to Ang II and Ang 1-7 formation in the rat
gingival tissue since the literature documents that this enzyme forms Ang II from Ang I, and
Ang 1-7 from Ang 1-9.9,10,43 The generation of Ang I from TDP reveals the existence of renin
or renin-like activity in the rat gingival tissue homogenate, and it is worth emphasizing that in
this work renin was detected in rat gingival tissue (through RT-PCR and
immunohistochemistry) and in cultured rat gingival fibroblasts (through RT-PCR).

It calls attention the fact that the amount of Ang II formed from TDP is much higher than that
when Ang I is offered as the substrate to the rat gingival tissue homogenates. A possible
explanation to this result may be drawn from the results reported by other authors, who showed
ACE inhibition by micromolar concentrations of Ang 1-9.44,45 The numbers presented in Table
3 and illustrated in Fig. 4 allow one to conclude that, under the conditions employed in the
present study, Ang 1-9 was formed in the concentration of approximately 20 μM (3 nmol of
Ang 1-9 formed in 150 μL of reaction final volume). Consequently, the amount of Ang 1-9
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formed in this work, when Ang I is used as the precursor substrate, was high enough to inhibit
ACE, and therefore could explain the low amount of Ang II formed.

Additionally, the present results showing higher Ang II formation from TDP in comparison
with Ang I strongly suggest that endopeptidases present in the rat gingival tissue homogenates
directly cleaved the Phe8-His9 bond of TDP. As a potential candidate to this hydrolysis, one
could include rat elastase-2,46,47 whose such an enzymatic activity towards TDP is similar to
that of rat tonin48 and superior to that of human rat chymase.49 Besides ACE, other enzymes
such as rat elastase-2 and rat chymase I could also have contributed to the formation of Ang
II through the cleavage of the Phe8-His9 bond of Ang I.46,47 Although, it is important to take
into account that rat chymase I mainly presents an Ang II-degrading activity,50 while rat
elastase-2 forms Ang II and does not hydrolyze this octapeptide.46,47 Therefore, the findings
presented here showing that Ang II is poorly hydrolyzed by rat gingival tissue homogenate
(Table 3 and Fig. 4) are certainly instrumental to elucidate the enzymatic pathways to form
and degrade peptides generated from the precursors Ang I and TDP. In order to achieve this
goal, other approaches must be outlined in future experiments, such as the use of selective
enzymatic inhibitors, specific enzymatic substrates or even molecular experiments that could
provide evidence as to the presence of other enzymes, besides those studied in this work, that
are also important for the formation and degradation of vasoactive peptides in the rat gingival
tissue. One may suggest that this local RAS can contribute to the control of blood flow in the
gingival tissue since vasoconstrictor (e.g., Ang II) and vasodilator (e.g., Ang 1-7) peptides can
be produced locally.

Many studies on the vascular response to periodontal pathogens show that maintenance of
vascular inflammation may be enhanced by the presence of periodontophatic bacteria.51-57

Based on our results of renin increase staining in periodontally diseased gingival tissues, one
could speculate that these bacteria increase the expression of the local gingival RAS, thus
leading to an increased local production of Ang II, which would exert its proinflammatory
actions. Further understanding of the role of the RAS in the inflammatory process may provide
important opportunities for clinical research and treatment of inflammatory diseases such as
periodontitis.

In conclusion, this work is the first to present a clear existence of a local RAS in rat gingival
tissue, which is capable of generating Ang II and other vasoactive peptides in vitro. Further
studies are necessary to elucidate the role of this local gingival RAS.
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Fig. 1.
Ethidium bromide-stained agarose gel of reverse transcription-polymerase chain reaction (RT-
PCR) products from rat gingival tissue (upper panel) and cultured rat gingival fibroblasts (lower
panel). The cDNAs were amplified by PCR with gene-specific primers for AT1a receptor (306
bp), angiotensinogen (AGTN, 309 bp), AT1b receptor (344 bp), angiotensin I-converting
enzyme (ACE, 407 bp), AT2 receptor (445 bp), renin (552 bp) and β-actin (351 bp), from 5
μg of total RNA of a rat gingival tissue sample and 0.8 μg of total RNA from cultured rat
gingival fibroblasts. M = 100 bp marker.
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Fig. 2.
Expression of mRNA by reverse transcription-polymerase chain reaction (RT-PCR), for
different components of the renin-angiotensin system, from 5 μg of total RNA of rat gingival
tissue samples (upper panel) and 0.8 μg of total RNA from cultured rat gingival fibroblasts
(lower panel), in relation to β-actin (n=5). AGTN = angiotensinogen; ACE = angiotensin I-
converting enzyme. Data are expressed as means±standard error of means.
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Fig. 3.
Immunohistochemical detection of renin in the rat gingival tissue (original magnification ×20).
A: positive control in renal cortex (arrows show juxtaglomerular cells). B and C: arrows show
the staining on the vascular endothelium of healthy gingival tissue. D: intense brown staining
on the epithelial basal layer of gingival tissue affected by induced periodontal disease; arrows
indicate the staining on the vascular endothelium. E, F, G and H: negative controls (without
the incubation of the primary antibody) of A, B, C and D, respectively.
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Fig.4.
Representative results of proteolytic cleavage of angiotensin (Ang) I [A], renin substrate
tetradecapeptide (TDP) [B] and Ang II [C] catalyzed by rat gingival tissue homogenate.
Homogenate sample was incubated with either Ang I (30 nmol), TDP (25 nmol) or Ang II (30
nmol), in a final volume of 150 μL, in Tris buffered saline (0.03 M Tris-HCl containing 0.15
M NaCl, pH = 8.1) at 37°C for 20 min. Enzymatic reaction was stopped with the addition of
40 μL of 5% trifluoroacetic acid in 4% glycerol. Upper panels show the substrates without the
incubation with the homogenate (control), while the lower panels show the hydrolysis products
of the substrates by enzymatic activities present in the homogenate. Chromatograms were
generated by reversed-phase HPLC analysis on a C-18 column (4 × 250 mm) developed at a
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flow rate of 1.0 mL/min with a linear gradient of acetonitrile (12–32%, 30 min) in 0.1% TFA.
Peptides were detected by absorbance at 215 nm and quantified by comparison with known
concentrations of cognate synthetic substrates.
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Table 1
Sequences of the primers used in the polymerase chain reaction (PCR) for amplification of the different targets and
predicted size of the PCR products

Target Predicted
size

Sense (5′-3′) Anti-sense (5′-3′)

β-actin* 351 bp AACCGCGAGAAGATGACCCAGATCATGTTT AGCAGCCGTGGCCATCTCTTGCTCGAAGTC

AGTN** 309 bp TTCAGGCCAAGACCTCCC CCAGCCGGGAGGTGCAGT

Renin** 552 bp ATGCCTCTCTGGGCACTCTT GTCAAACTTGGCCAGCATGA

AT1a
*** 306 bp CGTCATCCATGACTGTAAAATTC GGGCATTACATTGCCAGTGTG

AT1b
*** 344 bp CATTATCCGTGACTGTGAAATTG GCTGCTTAGCCCAAATGGTCC

AT2
*** 445 bp GGAGCGAGCACAGAATTGAAAGC TGCCCAGAGAGGAAGGGTTGCC

ACE**** 407 bp CAGCTTCATCATCCAGTTCC CTAGGAAGAGCAGCACCCAC

AGTN = angiotensinogen; ACE = angiotensin converting enzyme.

*
SANTOS et al.17

**
AGOUDEMOS, GREENE21

***
LINDERMAN, GREENE22

****
LAM, LEUNG23

J Periodontol. Author manuscript; available in PMC 2010 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Santos et al. Page 20

Table 2
Values of angiotensin converting enzyme (ACE) activity in different samples of rat gingival tissue (nmol His-Leu/
g.min)

Sample ACE activity (nmol His-Leu/g.min)

1 5.71

2 2.20

3 5.11

4 4.16

5 7.59

Mean±SEM 4.95±0.89

Note: For experimental conditions, see Material and Methods. SEM = standard deviation of mean.
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Table 3
Hydrolysis products formed by the action of rat gingival tissue homogenates towards the substrates angiotensin (Ang)
I (30 nmol), renin substrate tetradecapeptide (TDP, 25 nmol) and Ang II (30 nmol) for 20 min at 37°C in Tris buffered
saline (0.03 M Tris-HCl containing 0.15 M NaCl, pH = 8.1)

Substrate Product formed (nmol/mg.min)

Ang I Ang 1-9 Ang II Ang 1-7

Ang I - 0.576±0.128 0.066±0.008 0.111±0.017

TDP 0.973±0.139 0.139±0.031 0.206±0.046 0.039±0.007

Ang II - - - 0

Note: For experimental conditions see Material and Methods. - indicates that the product cannot be formed. Data are expressed as means±standard error
of means.
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