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Crucial role of peripheral
K-opioid receptors in a
model of periodontal
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Background and Objective: Periodontal disease is a chronic inflammatory condi-
tion of the tooth supporting tissues, the periodontium. Opioids have been shown
to account for the relief of various chronic and acute inflammatory conditions.
The aim of the present study was to investigate the participation of peripheral
opioid receptors in development of periodontal disease.

Material and Methods: Morphine and selective agonists and antagonists of opioid
receptors were used in an experimental model of ligature-induced periodontal
disease in rats. To evaluate the development of disease, the loss of fiber attach-
ment, alveolar bone and number of cells in periodontal tissues were assessed.
Measurements of these indicators were obtained by morphometric analysis of
histological sections of periodontal-diseased tissues stained with hematoxylin and
eosin.

Results: Local administration of either morphine or a selective k-opioid agonist
for three consecutive days from the onset of periodontal disease reduced the loss of
periodontal tissues, without changing the number of leukocytes in inflamed perio-
dontium. Nor-binaltorphimine, a selective k-antagonist, reversed the beneficial
effects of both morphine and the compound U-50,488 in this model. The use of
either an agonist or an antagonist of d-opioid receptors, however, did not affect
disease progression.

Conclusion: Our results showed that the beneficial effect of opioids in periodontal
disease depended mainly on the activation of specific k-opioid receptors located in
the periphery. Activation of such receptors could be considered in the management
of periodontal disease, since it would not present the classical central side-effects
associated with opioid use.
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Periodontal disease is a progressive
chronic inflammatory condition of the
tissues responsible for anchoring teeth
in the oral cavity, the periodontium
(1). This chronic disease afflicts a
significant percentage of individuals
in different societies around the world
(2), especially elder people, being

responsible for most tooth losses in
developed countries (2,3). The impact
of periodontal disease does not seem
to be restricted to tooth loss, since
recent studies have demonstrated a
relationship between periodontal dis-
ease and an increased risk for car-
diovascular disease, diabetes and

complications during pregnancy such
as premature labor and low-weight
newborns (4-6).

Although periodontal disease pre-
sents bacterial etiology, its progression
is mostly dependent on how the host
deals with the bacterial challenge (7).
For instance, the recruitment of



leukocytes, brought to periodontal tis-
sues by the presence of bacterial
products, triggers an array of inflam-
matory mediators in order to elimi-
nate the pathogenic microorganisms.
Inflammatory mediators in excess may,
however, cause tissue damage, which
leads to disease progression.

Accumulating experimental evidence
in the literature has shown an impor-
tant role for opioids in the patho-
physiology of chronic and acute
inflammatory conditions (8,9). More-
over, exogenous systemic as well as
local (peripheral) opioid administra-
tion has presented anti-inflammatory
activity using different models of
inflammation  (8,10).  Consistently,
synthesis and expression of endo-
genous opioids and their receptors,
especially those present in the peri-
phery, are increased during inflamma-
tion (11-13).

In line with such studies, we recently
demonstrated a beneficial effect of
systemic and local morphine adminis-
tration in decreasing the loss of perio-
dontal tissues in a model of
periodontal disease in rats (10). Mor-
phine is a prominent opioid agonist at
p-receptors, but it can bind to k- and
d-opioid receptors as well (14). A well-
conducted study showed that mor-
phine reduced the signs and symptoms
of chronic inflammation associated
with experimental arthritis through
activation of x-opioid receptors (15).
Most importantly, the beneficial effects
of k-agonists in this model were shown
to derive from a peripheral effect (16).
Notwithstanding, the third important
type of opioid receptor, the d-opioid
receptor, has also been associated with
relief of the signs of acute and chronic
inflammation (17).

The aim of the present study was,
therefore, to evaluate whether - and
d-opioid receptors could participate in
the pathophysiology of periodontal
disease in rats. Additionally, we sought
to verify whether the beneficial effects
of opioids in this model were due to
activation of opioid receptors in the
periphery. To assess this, selective
agonists and antagonists of k- and
d-opioid receptors were injected locally
into the gingival tissue close to the
inflamed periodontium.

Role of i-opioid receptors in periodontal disease

Material and methods

Animals

Male Holtzman rats, weighing 260—
300 g, from the Animal House of the
Institute of Biological Sciences, Fed-
eral University of Minas Gerais
(UFMGQG), Brazil, were used through-
out the experiments. The rats were
maintained under a 12 h—12 h light—
dark cycle (lights on at 07.00 h) at 23—
25°C with water and food ad libitum.
The Animal Ethics Committee of the
UFMG approved the handling of the
rats throughout this study.

Induction of periodontal disease

The model for experimental perio-
dontal disease in rats was based on an
earlier publication (18) and publis-
hed elsewhere (10). Briefly, rats were
anaesthetized intramuscularly with a
mixture of ketamine and xylazine (90
and 15 mg/kg, respectively). A sterile
silk ligature (4-10) was tied around the
cervix of the second left superior molar
and served as a retention device for
subgingival oral microorganisms. The
ligature remained fixed until the end of
the experiments, when the rats were
killed. The contralateral right side was
used as the unligated control. The
impaction of materials other than
indigenous flora in rats’ periodontium
was avoided by keeping the animals in
individual suspended cages after liga-
ture fixation.

Measurements of alveolar bone and
fiber attachment loss by
morphometric analysis

The rats were killed by cervical dislo-
cation. The left and right maxillae
halves were excised, fixed in 10%
buffered formalin solution, pH 7.2, for
48 h, washed in water and demineral-
ized in 10% EDTA for 30 days. At the
end of demineralization period, each
hemi-maxilla was washed in tap water
for 24 h, dehydrated in serial alcohols,
cleared and embedded in paraffin. The
blocks were cut in serial 4 pm sections
in a mesiodistal direction. Hematoxy-
lin and eosin staining was performed
on the most central section of each
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tooth, i.e. the one showing the center
of the dental pulp. Images from
experimental (ligated) and control
(unligated) sites were obtained at 10-
fold magnification through a JVC TK-
1270/RGB camera (Victor Company
of Japan, Yokohama, Japan) adapted
to a microscope. The distance from
the cemento-enamel junction (CEJ) to
the most coronal level of fiber attach-
ment (FA) and alveolar bone crest (B)
were measured using KS300 software
(CarlZeiss, Oberkochen, Germany)
built into a Kontron Elektronick/
CarlZeiss image analyzer. The alveolar
bone and fiber attachment loss are
reported (in mm) as the difference
between values at the experimental
and unligated control sites. An
observer who was unaware of the
nature of the tissue sample made the
measurements.

Assessment of cell number in
gingival tissue

After excision of the maxillae, ging-
ivomucosal tissue samples (~5 mm?)
were removed and fixed in 10% buf-
fered formalin solution, pH 7.2, for
48 h. These samples underwent the
same procedures as the hemi-maxilla
for tissue cutting and staining. Six
images from different locations of the
gingival tissue section were obtained at
40-fold magnification. An automatic
macro-recorder assembler (an algo-
rithm of the KS300 software) was
elaborated for capture, image process-
ing and segmentation, definition of
morphometrical conditions and counts
of all the nuclei contained in each
image. Image processing techniques
were applied in order to highlight the
nucleus of the cells. Segmentation
permitted the separation of these nuclei
from the cell cytoplasm and from other
structures in the section, such as blood
vessels and  extracellular  space,
enabling the creation of a binary image
containing these two locations, nucleus
and other spaces. The nuclei from res-
ident cells in the gingivae as well as
newly recruited leukocytes were then
counted (19). An observer who was
unaware of the nature of the tissue
sample made the measurements. For
each gingival tissue sample, six differ-
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ent fields were counted. The result of
the six fields counted was totaled and
represented the total number of cells
present in that tissue sample.

Drug treatment of rats

With the exception of morphine, which
was supplied by Merck (Darmstadt,
Germany), all selective k- and 3-opioid
agonist and antagonist compounds
were supplied by Tocris (Bristol, UK).
The x-agonist U-50,488, nor-binaltor-
phimine (nor-BNI, selective k-antago-
nist), morphine and naltrindole
(selective d-antagonist) were diluted in
sterile physiological saline (NaCl;
0.9% w/v; vehicle 1). The selective d-
opioid receptor agonist SNC80 was
diluted in 10% DMSO (vehicle 2).

Previous work in our laboratory
showed that preventive administration
of drugs (from 3rd to 5th day after
ligation) in rats with periodontal dis-
ease produced better results than when
drugs were administered symptomati-
cally (from 9th to 11th day after
ligation). Furthermore, local adminis-
tration (injection of the drugs into
gingival tissue surrounding the ligated
tooth) was shown to be as effective as
systemic administration (20). There-
fore, all drugs used in this work were
administered locally (0.1 ml per site)
using the preventive schedule, during
three consecutive days. Control ani-
mals received drug-vehicles by the
same route and at the same time. The
animals were killed on the eleventh day
after ligature fixation by cervical dis-
location. Nor-binaltorphimine (200 pg/
day per site) was administered 15 min
before administration of either mor-
phine (1 mg/day per site) or U-50,488
(250 pg/day per site), and naltrindole
(NTD, 100 pg/day per site) was
administered 15 min before morphine
(1 mg/day per site). Control animals
were given the same volume of vehicle
alone. In order to verify whether the
lower effective dose of U-50,488 had a
local rather than systemic effect, in one
group of animals the k-agonist was
administered in the contralateral side
(injection of the drugs into gingival
tissue surrounding the non-ligated
tooth), the ipsilateral (ligated tooth)
site being evaluated.

Assessment of effectiveness of
J-opioid agonist and antagonist
using an experimental model of pain

To demonstrate that SNC80 and nal-
trindole were effective throughout the
experiments, d-agonist (80 pg per site)
and antagonist (30 pg per site) were
injected locally in rats whose paws had
been injected with PGE, and tested for
development of mechanical hyperalge-
sia using the paw pressure test, a well-
established model to detect drugs with
analgesic effects (21,22).

Statistical analysis

The measurements are presented in
millimetres as means + SEM obtained
from groups of five to 10 animals.
Differences between means were eval-
uated by one-way ANOVA followed
by the Student-Newman—Keuls test.
Probabilities less than 5% (p < 0.05)
were considered to be statistically
significant.

Results

Reversal of morphine effects by
k-opioid antagonist in the
periodontal disease model

Previous work from our laboratory
(10) showed that local administration
of morphine decreased the loss of both
fiber attachment and alveolar bone
crest in a dose-dependent manner (0.5,
1.0 and 4.0 mg/day per site). Here, we
reproduced these effects of morphine.
Moreover, the selective «-opioid
antagonist nor-BNI reversed the bene-
ficial effect of the lower effective dose of
locally administered morphine in rela-
tion to fiber attachment loss but not in
relation to alveolar bone loss (Fig. 1).

Effect of k-opioid agonist and
antagonist following local
administration in the periodontal
disease model

To confirm that -opioid receptors
would be involved in periodontal dis-
ease development, the k-opioid recep-
tor agonist U-50,488 was administered
locally in a range of doses (100-500 pg
per site). As shown in Fig. 2 and
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Fig. 1. Reversal of the beneficial effect of
morphine by the selective k-opioid receptor
antagonist nor-binaltorphimine in experi-
mental periodontal disease in rats. Nor-
binaltorphimine (Nor-BNI, 200 pg/day per
site) was locally administered 15 min before
morphine (M, 1 mg/day per site). Control
animals (C) received two administrations of
saline (S) by the same route and at the same
time as drug-treated animals. * and # indi-
significant difference (p < 0.05,
n = 6-10 animals per group) from the
control and morphine-treated  group,
respectively, using one-way ANOVA fol-
lowed by Student—Newman—Keuls post hoc
test.
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Fig. 2. Effect of local administration of
different concentrations of U-50,488 on
experimental periodontal disease in rats.
The specific k-opioid receptor agonist
U-50,488 was injected into the gingival tissue
surrounding the ligated tooth. Drug treat-
ment (once a day) was made for three con-
secutive days from the 3rd to the 5th day, and
the animals were killed on the 11th day after
ligature placement. Control animals (C) were
administered with the same volume of vehicle
in accordance with the route of administra-
tion (0.1 ml per site). * Indicates a significant
difference (p < 0.05, n = 6-8 animals per
group) from the control group, using one-
way ANOVA followed by Student—
Newman-Keuls post hoc test.

illustrated in Fig. 3, the compound
U-50,488 was able to reduce both fiber
attachment (250 pg/day per site) and



Fig. 3. Photomicrographs from transverse
histological sections of maxillary rat molar
teeth. (A) A healthy tooth with its sup-
porting tissues. (B and C) Experimental
teeth from animals treated with saline and
k-opioid agonist U-50,488, respectively.
Observe in (C) a smaller retraction of perio-
dontal attachment and alveolar bone crest
when compared with (B). All photo-
micrographies were captured at fourfold
magnification. The black bars at the bottom
of each picture indicate 300 pm.

alveolar bone loss (100 and 250 pg/day
per site) on day 11 of periodontal dis-
ease. However, histopathological
analysis of gingivomucosal tissue sur-
rounding the ligated tooth revealed
that neither of the doses of U-50,488
used (250 and 500 pg/day per site) was
related to changes in cell number in
these tissues, as shown in Fig. 4 and
illustrated in Fig. 5. In addition, prior
treatment with nor-BNI (200 pg/day
per site), a selective k-opioid receptor
antagonist, completely reversed the
effect of U-50,488 administration in

Role of k-opioid receptors in periodontal disease
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Fig. 4. Cell number in the gingival tissue
surrounding the ligated molar tooth after
local administration of different concentra-
tions of U-50,488. Cell
obtained by morphometric analysis as de-
scribed in the Material and methods section.
The naive (N) group was left unligated.
Drug treatment (once a day) was made for
three consecutive days from the 3rd to the
Sth day, and the animals were killed on the
11th day after ligature placement. Control
animals (C) were administered with the
same volume of vehicle in accordance with
the route of administration (0.1 ml per site).
* Indicates a  significant
(p < 0.05, n = 6-8 animals per group)
from the naive group, using one-way
ANOVA followed by Student—Newman—
Keuls post hoc test.

number was

difference

relation to both fiber attachment and
alveolar bone loss. The same dose of
antagonist did not induce any change
in the loss of periodontal tissues when
given alone (Fig. 6).

Periodontal disease effects following
contralateral administration of
U-50,488

The medium dose of U-50,488
(250 pg/day per site) was adminis-
tered in two different groups of ani-
mals, either ipsi- or contralateral to
the ligated tooth, and the evaluation
of periodontal tissue loss was made in
the ligated tooth. Only the ipsilateral
administration of U-50,488 reduced
the loss of both fiber attachment and
alveolar bone crest when compared
with administration of the same dose
in the contralateral side (Fig. 7).
These results confirmed a local effect
of U-50,488 in periodontal disease, at
least for the dose used in these
experiments.
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Fig. 5. Photomicrographs from histological
sections of gingival connective tissue of na-
ive rats or rats with periodontal disease
treated locally with either saline or k-opioid
receptor agonist U-50,488. (A) Gingival
connective tissue from a naive animal (non-
ligated), showing the predominance of
fibroblasts. (B) Gingival tissue from a con-
trol animal (ligated and saline-treated),
showing an intense inflammatory infiltrate
of mixed polymorpho-mononuclear cells.
(C) Experimental gingival tissue from ani-
mal treated locally with U-50,488 (250 ng/
day per site, 0.1 ml), showing no decrease in
inflammatory infiltrate when compared with
(B). All photomicrographies were captured
at 40-fold magnification. The black bars at
the bottom of each picture indicate 50 pm.

Lack of effect of naltrindole on the
beneficial effect of morphine in the
periodontal disease model

As for the k-agonist and antagonist,
the hypothesis that the beneficial effect
of morphine in periodontal disease was
due to activation of 3-opioid receptors
was studied. To that end, naltrindole
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Fig. 6. Reversal by nor-BNI of U-50,488-
induced inhibition of indicators in perio-
dontal diseased rats. Nor-binaltorphimine
(200 pg/day per site) was locally adminis-
tered 15 min before U-50,488 (250 pg/day
per site). Control animals (C) received two
administrations of saline (S) by the same
route and at the same time as drug-treated
animals. * and # indicate a significant dif-
ference (p < 0.05, n = 6-10 animals per
group) from the control and U-50,488-
treated group, respectively, using one-way
ANOVA followed by Student—Newman—
Keuls post hoc test.

C IPSICLT
U-50,488

C IPSICLT Dose
U-50.488 (250 pg/d/site)

Fiber attachment  Alveolar bone crest

Fig. 7. Comparison between ipsi- and con-
tralateral administration of U-50,488 on
experimental periodontal disease in rats.
The U-50,488 (250 pg/day per site) was
administered locally in the right (CLT, non-
ligated) side, while no treatment was made
in the left (IPSI, ligated) side. * Indicates a
significant difference (p < 0.05, n = 5-10
animals per group) in relation to group C,
using one-way ANOVA followed by
Student-Newman-Keuls post hoc test.

was administered 15 min prior to
morphine (1 mg/day per site). The
results showed that d-receptor antago-
nist did not reverse the beneficial effect
of morphine in this periodontal disease
model. Moreover, the antagonist
administered alone was not able to
affect the loss of periodontal tissues
(Fig. 8). These results suggested that
d-opioid receptors were not involved
in periodontal disease development.
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Fig. 8. Effect of selective d-opioid receptor
antagonist on the beneficial effect induced
by morphine in experimental periodontal
disease in rats. Naltrindole (NTD, 100 pg/
day per site) was locally administered
15 min before morphine (M, 1 mg/day per
site). Control animals (C) received two
administrations of saline (S) by the same
route and at the same time as drug-treated
animals. * Indicates a significant difference
(p < 0.05, n = 6-10 animals per group)
from the control group using one-way
ANOVA followed by Student-Newman—
Keuls post hoc test.

Effect of 5-opioid agonist SNC80 in
the periodontal disease model

To confirm that &-opioid receptors
were not involved in periodontal dis-
ease, local administration of the
S-agonist SNC80 (100 and 250 pg/day
per site) was unable to reduce all three
parameters of periodontal disease
evaluated: loss of fiber attachment,
alveolar bone and cell infiltrate to
gingival tissue surrounding the ligated
tooth (Table 1). However, despite their
lack of effect in periodontal disease,
SNC80 and naltrindole were effective

PGE, SNC80 NTD Measurement
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Time (h)
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£mm PGE, + SNCB0 + Veh 2
= PGE, + SNC80 + NTD

A of Nociceptive threshold (g)
8 & 3 3

°

Fig. 9. Complete antagonism induced by
intraplantar administration of naltrindole on
the antinociception produced by SNCS80 in
hyperalgesic paws (PGE,, 2 pg). Naltrindole
(30 pg per paw; intraplantar) was adminis-
tered intraplantarly 45 min after SNC80
(80 pgper paw; intraplantar), as shown in the
schematic diagram above the bar graph. The
antinociceptive response was measured by
the paw pressure test as described previously.
*and # indicate a significant difference
(p < 0.05, n = 5 animals per group) com-
pared with (PGE, + Vehicle 1 + Vehicle 2)
and (PGE, + SNCS80 + Vehicle 2)-injected
controls, using one-way ANOVA followed
by Student-Newman—Keuls post hoc test.
Veh = vehicle.

to reduce the hypersensitivity to the
algogenic substance PGE, and to
reverse this effect, respectively, as
shown in Fig. 9.

Discussion

The first question investigated in the
present study referred to whether the
beneficial effect of locally administered
morphine in decreasing the destruction
of periodontal tissues was due to

Table 1. Effect of local administration of different concentrations of SNC80 on experimental

periodontal disease in rats

Loss (mm; means = SEM)

Groups (n = 6-9 Fiber Alveolar Cell number (x10%)
animals per group) attachment bone crest (means + SEM)
N — — 0.58 + 0.12

C 0.9 + 0.1 1.25 £ 0.17 1.66 £ 0.3*
SNC80 (100 pg per site) 1.2 £ 0.24 1.72 £ 0.55 1.34 + 0.2*
SNC80 (250 pg per site) 0.75 + 0.15 1.28 + 0.30 1.2 £ 0.35%

The specific 3-opioid receptor agonist SNC80 was injected into the gingival tissue sur-
rounding the ligated tooth. Drug treatment (once a day) was made for three consecutive days
from the third to the fifth day, and the animals were killed on the eleventh day after ligature
placement. Control animals were administered with the same volume of vehicle in accordance
with the route of administration (0.1 ml per site). The naive (N) group was left unligated.
*p < 0.05 (n = 5-8 animals per group) from the naive group, using one-way ANOVA
followed by Student—-Newman—Keuls post hoc test. —, absence of effect.



activation of either k- or d-opioid
receptors. It is shown here, at least for
the loss of fiber attachment, that acti-
vation of k-receptors was important, as
indicated by the antagonism of mor-
phine effects seen when a selective
Kk-antagonist was administered. Our
data suggested, however, that different
mechanisms seem to underlie the loss
of both bone and fiber tooth support-
ing tissues, since only the beneficial
effect of morphine on the fiber attach-
ment loss was reversed by the selective
k-opioid antagonist. In line with this,
another study has shown that a selec-
tive cyclo-oxygenase-1 inhibitor (the
compound SC560) was able to decrease
fiber attachment loss without affecting
alveolar bone loss (20). In contrast,
activation of &-opioid receptors does
not seem to mediate the actions of
morphine in periodontal disease; nal-
trindole was uneffective in this respect.

The present study also demonstrated
inhibition of fiber attachment and
alveolar bone loss following local
administration of the k-opioid receptor
agonist U-50,488 in this experimental
model of periodontal inflammation. In
agreement with our results, opioid
agonists that act through x-receptor
activation have been viewed as having
more potent anti-inflammatory prop-
erties than those acting via p- and
d-opioid receptors (23,24). In our
experiments, a lower dose of a k-opioid
agonist (U-50,488) decreased alveolar
bone loss, whereas higher doses were
required to decrease fiber attachment
loss. These effects were specific, since a
selective antagonist (nor-BNI) reversed
them.

Opioid receptors are widely distrib-
uted in the central nervous system (25),
while in the periphery they can be
found in leukocytes (26) and vascular
endothelial cells (27) and were even
identified in a human osteoblast cell
line (28). Binding of opioid agonists
with opioid receptors, especially in
leukocytes, causes a lower release of
inflammatory mediators such as cyto-
kines. In this regard, it has been shown
that the compound U-50,488 inhibited
the production of cytokines such as
tumour necrosis factor (TNF-o) and
interleukin-1 (IL-1) by macrophages
in vitro (29). In contrast, those cyto-

Role of i-opioid receptors in periodontal disease

kines have been strongly implicated in
the pathogenesis of periodontal disease
(30-32). In the present study, it was
noteworthy that the selective k-opioid
agonist did not affect the number of
cells in periodontal tissues in a similar
manner to what was observed when the
agonist used was morphine (10). Taken
together, these results suggest that
K-receptors may be located in resident
rather than in circulating cells.
Between resident cells expressing
opioid receptors are endothelial cells
and fibroblasts, which are also able to
release cytokines such as IL-1 and
TNF-a. Another possible location of
opioid receptors in the periphery is the
primary afferent fibers; the activation
of such receptors decreases the release
of neuropeptides such as sub-
stance P (33). Substance P has been
also implicated in the progression of
periodontal disease (34).

It was relevant in the present work
that the k-agonist had a local (ipsilat-
eral) rather than a systemic effect, as
shown by the lack of effect following
its contralateral administration. Thus,
side-effects derived from opioid stimu-
lation in the central nervous system
may be avoided by administering low
doses of the drug locally at the site of
inflammation. It is important to high-
light that peripheral effects of opioids
are observed early during inflamma-
tion (35) and it has been demonstrated
that opioid receptors are increased in
such conditions (36,37), which can lead
to an increase in the action mediated
by them. In fact, it had already been
demonstrated that U-50,488 had
potent peripheral anti-arthritic effects
in a model of rheumatoid arthritis in
rats (38). In that study, early adminis-
tration of k-agonist close to the site of
inflammation prevented not only ede-
ma but also later destruction of joint
tissues seen in that model.

Differently from k-opioid receptors,
however, either activation or blockade
of d-opioid receptors did not alter the
indicators of periodontal disease used
in the present study, at least in the
chosen dose range. In contrast, acti-
vation of such receptors has already
been implicated in decreasing the signs
of inflammation in another experi-
mental model of inflammation (13).

735

In conclusion, this study demon-
strated a beneficial effect of locally
administered opioids in a chronic
model of inflammation, namely perio-
dontal disease in rats, which was par-
ticularly dependent on activation of
K-opioid receptors. This unique finding
should be explored further in thera-
peutics, since peripheral activation of
k-opioid receptors not only reduces the
side-effects classically associated with
opioids but might also be strongly
effective to reduce the loss of tooth
supporting associated with
chronic periodontitis.

tissues
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