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Abstract

Matrix metalloproteinases (MMP) are considered to be key initiators
of collagen degradation, thus contributing to bone resorption in in-
flammatory diseases. We determined whether subantimicrobial doses
of doxycycline (DX) (<10 mg kg-' day'), a known MMP inhibitor,
could inhibit bone resorption in an experimental periodontitis model.
Thirty male Wistar rats (180-200 g) were subjected to placement of a
nylon thread ligature around the maxillary molars and sacrificed after
7 days. Alveolar bone loss (ABL) was measured macroscopically in
one hemiarcade and the contralateral hemiarcade was processed for
histopathologic analysis. Groups of six animals each were treated with
DX (2.5, 5 or 10 mgkg! day!, sc, 7 days) and compared to nontreated
(NT) rats. NT rats displayed significant ABL, severe mononuclear cell
influx and increase in osteoclast numbers, which were significantly
reduced by 5 or 10 mg kg'! day! DX. These data show that DX inhibits
inflammatory bone resorption in a manner that is independent of its
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antimicrobial properties.

Progressive loss of matrix constituents
leading to bone resorption is an essential step
in the pathogenesis of inflammatory bone
disease, such as rheumatoid arthritis and pe-
riodontitis (1). Accumulating evidence sug-
gests that activation of proteolytic enzymes,
including the matrix metalloproteinase
(MMP) family, is responsible for collagen
destruction during inflammatory diseases.
Apparently, an imbalance between activa-
tion of MMP and down-regulation of their
endogenous inhibitors leads to pathologic
breakdown of the extracellular matrix (2-4).

Tetracyclines (TTC) have long been used
as adjuncts in the treatment of periodontal
diseases (5,6). Although initially attributed
to its antimicrobial properties (1), the clini-
cal efficacy of TTC in periodontitis has been
recently suggested to be due to their intrinsic

anti-inflammatory activity (7), since low
doses of (subantimicrobial) doxycycline (DX)
decrease attachment loss and excessive col-
lagenase activity in the crevicular fluid of
periodontitis patients (8,9). Inhibition of the
MMP activity would then be responsible for
the protective effect of TTC in periodontitis.

Despite the protective effects of TTC in
periodontitis, there are no studies reporting
that these compounds effectively inhibit bone
resorption. In the present study, we deter-
mined whether DX, the most potent TTC
with anticollagenase activity commercially
available, could prevent alveolar bone re-
sorption in an experimental periodontitis
model in rats.

Thirty male Wistar rats weighing 180 to
200 g obtained from our own animal facili-
ties were housed in temperature-controlled
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rooms and received water and food ad /ibi-
tum. There were 5 groups of 6 animals each
consisting of 3 groups treated with DX
(Pfizer®, Guarulhos, SP, Brazil) (2.5, 5 or 10
mg/kg) subcutaneously 1 h before the surgi-
cal procedure and daily until sacrifice on the
7th day; a control group (naive), which did
not receive any manipulation, and a non-
treated group of rats subjected to periodonti-
tis that received no pharmacological treat-
ment. Surgical procedures and animal treat-
ments were conducted in accordance with
the Guide for the Care and Use of Labora-
tory Animals (DHEW Publication, Bethesda,
MD, USA).

We used an experimental periodontitis
model with minor modifications, as described
elsewhere (10,11). Briefly, rats were anesthe-
tized with chloral hydrate (400 mg/kg, ip) and
subjected to surgical placement of a nylon
(3-0) thread ligature around the cervix of the
maxillary second molars on both sides. The
ligature was knotted on the buccal side, so that
it remained subgingivally on the palatal side
and supragingivally on the buccal side. Ani-
mals were sacrificed after 7 days of periodon-
titis by cervical dislocation under anesthesia
and had their maxillae excised. The left maxil-
lary jaws were used to determine the degree of
bone loss (macroscopic analysis) and the right
jaws were used for histological analysis.

The left jaws were stained with aqueous
methylene blue (1%) in order to delineate
the cemento-enamel junction. A stereoscope
loupe (4X magnification) was used to meas-
ure the distance between the cemento-enamel
junction and the alveolar bone, as described
in Ref. 12. Recordings were made along the
long axis of both the buccal and palatal
surfaces of all molar teeth. The sum of all
recordings for each tooth surface was used
as a measure of total alveolar bone loss.

The right jaws were prepared for hema-
toxylin-eosin staining. Sections of 6 pm cor-
responding to the area between the first and
second molars, where the ligature was placed,
were analyzed. Histological analysis consid-
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ered a 0-3 score grade based on the follow-
ing parameters: cell influx, osteoclast num-
bers and alveolar process and cementum
integrity.

Data are reported as means + SEM or
medians, as appropriate. Univariate ANOVA
followed by the Tukey test to compare means
and the Mann-Whitney test to compare
medians were used for statistical analysis.
P<0.05 was considered to be significant.

Surgical placement of a ligature around the
cervix of the maxillary second molars of the
rats induced significant (P<0.05) alveolar bone
loss that started 4 days after periodontitis in-
duction, reaching a maximum at 7 days (data
not shown). Histopathological analysis of the
region between the first and second molars
revealed progressive mononuclear cell infil-
tration and increase in the number of osteo-
clasts, together with severe cementum and
alveolar bone resorption. In preliminary ex-
periments, these changes peaked at 7 days of
periodontitis (11). Therefore, for the analysis
of drug treatments, alveolar bone loss on the
buccal side was measured at 7 days.

Figure 1 shows that animals subjected to
7 days of periodontitis and treated with DX
(2.5, 5 or 10 mg kg! day™") exhibited a dose-
dependent inhibition of alveolar bone loss
that was significantly different from untreated
rats (P<0.05).

The reduction in bone loss was accompa-
nied by a decrease in the mononuclear cell
influx and osteoclast numbers, coupled with
preservation of the cementum and the alveo-
lar process (Table 1). The histopathology
measurements for the 5 or 10 mg kg'!' day-!
DX groups were significantly different
(P<0.05) from those for the 2.5 mg kg!
day-! DX and the nontreated group (Table 1).

In this study, DX, a semi-synthetic TTC,
dose-dependently inhibited alveolar bone re-
sorption. TTC, besides having antimicrobial
properties, are also able to inhibit the activity
of interstitial collagenases (MMP) present in a
variety of cells such as neutrophils and macro-
phages (5,6). The demonstration that TTC
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treatment reduced gingival collagenase activ-
ity by 70% in germ-free rats (13) led to the
suggestion that TTC could inhibit extracellu-
lar collagenase by a mechanism not related
to its antimicrobial effect.

DX, the most potent and cost-effective
TTC commercially available, has been shown
to reduce collagenase production by osteo-
blasts and osteoclasts and also to delay os-
teoclast recruitment following dental sur-
gery (14). In the present study, low-dose
(subantimicrobial) DX prevented alveolar
bone resorption both at the macroscopic and
microscopic levels. In accordance with these
data, it was shown that systemic DX pre-
vented both root resorption and bone loss in
rats after periodontal surgery (6). In an infec-
tious periodontitis model, DX (5 mg kg! 7
day") reduced gingival MMP activity al-
though it did not alter the microbiotic flora
of the oral cavity (15). Locally applied DX
was shown to have a beneficial effect on
osteogenesis in dogs subjected to mechani-
cally induced bone lesions (16). Also, sys-
temic DX had bone-sparing effects after
periradicular surgery in dogs (17). Addition-
ally, chemically modified DX (CMT-8), that
does not display antimicrobial properties,
reduced MMP expression in ovariectomized
rats (18) and the same CMT-8, combined
with disodium clodronate (an aminobisphos-
phonate that inhibits bone resorption), re-
duced alveolar bone loss in endotoxin-in-
duced periodontal disease in rats (19).

The present data add to these previous
studies confirming that low-dose DX has
bone sparing effects in an inflammatory
model of bone resorption, that are not related
to its antimicrobial activity, thus avoiding
the risk of emergence of resistant bacteria
and minimizing gastrointestinal side effects
usually associated with long-term DX ad-
ministration. Additionally, we provide, for
the first time, direct evidence that DX effec-
tively inhibits inflammatory bone resorption
that was not related to infectious agents. The
reduction in osteoclast numbers observed in
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Figure 1. Effect of doxycycline
(DX) treatment on alveolar bone
loss (ABL) in periodontitis. Rats
were subjected to the place-
ment of a nylon thread (3-0) liga-
ture around the cervix of the
maxillary second molars. Rats
were treated with DX (2.5, 5 or
10 mg/kg, sc) 1 h before peri-
odontitis induction and daily un-
til sacrifice after 7 days. ABL was
measured (mm) under micros-
copy (4X original) as the distance
between the cemento-enamel
junction and the alveolar bone.
“C” indicates naive animals.
Data are reported as means +
SEM for six animals in each
group. *P<0.05 compared to
nontreated (NT) rats (ANOVA).

Table 1. Effect of doxycycline (2.5, 5 or 10 mg kg1 day1) on histological changes in rats

subjected to periodontitis.

Groups
Doxycycline
Naive NT 2.5 5 10
Score 0 (0-0) 3(2-3) 1.5 (1-3) 0 (0-1)* 0 (0-2)*

Rats were subjected to the placement of a nylon thread (3-0) ligature around the cervix
of the maxillary second molars to induce periodontitis. Groups were treated with
doxycycline (DX, 2.5, 5 or 10 mg/kg, sc) 1 h before periodontitis induction and daily
until sacrifice after 7 days. Sections of 6 um corresponding to the area where ligature
was placed were analyzed. Histological analysis considered a 0-3 grade score based on
the following parameters: cell influx, osteoclast numbers, alveolar process and cemen-
tum integrity. Naive indicates rats which did not receive any manipulation and non-
treated group (NT) indicates rats subjected to periodontitis that received no pharmaco-
logical treatment. Data are reported as medians with range within parentheses.
*P<0.05 compared to 2.5 DX and NT groups (Mann-Whitney).

DX-treated rats may be due to a direct DX
activity on these cells, e.g., by promoting
osteoclast apoptosis, as reported recently
(20). The low cost and easy access to DX in
clinical practice justify additional studies on
the efficacy of DX as an adjunct therapy in
noninfectious bone resorbing diseases.
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