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Neonatal dexamethasone
and chronic tianeptine
treatment inhibit
ligature-induced
periodontitis in adult rats

Breivik T, Gundersen Y, Osmundsen H, Fonnum F, Opstad PK. Neonatal dexa-
methasone and tianeptine treatment inhibits ligature-induced periodontitis in rats.
J Periodont Res 2006; 41.: 23-32. © Blackwell Munksgaard 2005

Objective: The responsiveness of the hypothalamic—pituitary—adrenal (HPA) axis
has been found to play a significant role for susceptibility and resistance to perio-
dontal disease. In the present study we have investigated the effects of two different
treatment strategies, which have been found to down-regulate the HPA axis, on
ligature-induced periodontitis.

Methods: In experiment 1, newborn rats were treated with the synthetic gluco-
corticoid hormone dexamethasone-21-phosphate, which permanently down-
regulates HPA axis responsiveness. In experiment 2, adult rats were treated with
the novel antidepressant drug tianeptine, which opposes the action of stress.
Periodontitis was inflicted upon all rats. Just before decapitation the animals
received gram-negative bacterial lipopolysaccharide (LPS) to induce a robust
immune and HPA axis response.

Results: Compared to the saline-treated control rats, dexamethasone-treated rats
had significantly less periodontal bone loss (p < 0.01), reduced expression of
glucocorticoid receptors in the hippocampus (p < 0.001), lower corticosterone
(p = 0.01) and higher plasma levels of the cytokine tumor necrosis factor (TNF)-o
(p < 0.05) after LPS challenge. Also the tianeptine-treated rats showed sig-
nificantly reduced periodontal bone loss (p = 0.01), enhanced plasma levels of
TNF-a (p < 0.05), and transforming growth factor-1p (p < 0.01), whereas no
significant difference was found in corticosterone levels.

Conclusion: An individual’s responsiveness to danger signals, whether they are of
immunological, chemical, or psychological origin, may be an important factor for
explaining variability in susceptibility to periodontal disease. The results may
provide new insight into the mechanisms of periodontal disease development, and
open new vistas for disease prevention.
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Recent research indicates that perio-
dontitis may be a result of a dysregu-
lated or misguided specific immune
response, where the pathology may be

a consequence of too weak T helper 1
(Th1) and T regulatory (Treg) immune
responses (1-5). Misguided immune
regulation may also explain the over-

growth of pathogenic dental plaque
microorganisms (periodontopatho-
gens) in subgingival dental plaque (4,
5). The subsequent immune-induced
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destruction of the tooth supporting
tissues (periodontium) seems to be
caused by components, such as reactive
oxygen metabolites and matrix metal-
loproteinases, belonging to the innate
immune system (6-8). The tissue
destructive components are most likely
released when the immune cells fight
and destroy periodontopathogens, and
thereby protect the gingival tissues as
well as the entire organism from get-
ting infected (4, 5).

Both genetics (9), ageing (10, 11),
and environmental factors, such as
smoking (12), poorly regulated diabe-
tes mellitus (13), traumatic life experi-
ences, such as the loss of a spouse by
death (14), poorly developed coping
strategies to manage such traumatic
experiences (14-16), and depressive
mood and anxiety triggered off by
negative life events, such as death in
the family or financial problems (14,
16), have been found to be associated
with severe and/or rapidly progressive
periodontitis (17). The mechanisms by
which these multifarious risk factors
may increase the colonization of perio-
dontopathogens and subsequently
induce tissue destructive immune
responses have, however, been poorly
understood.

The hypothalamic—pituitary—adrenal
(HPA) axis is one major biological sys-
tem that is highly involved in immune
regulation. Inappropriate responses
may be genetically determined, but all
the known periodontal disease risk
factors are capable of inducing tem-
poral or permanent changes or dysreg-
ulation (17-19). Being one of the major
stress response pathways, the HPA axis
is activated by danger signals inter-
preted by the brain as threatening to the
organism, including emotional load
(stress) and peripheral immune signals,
such as those induced by cytokines
released  from  lipopolysaccharide
(LPS)-stimulated immune cells (18-20).
The HPA axis may also be activated by
LPS in gingival pockets (21). Upon
activation, the HPA axis regulates the
release of endogenous glucocorticoid
hormones, predominantly cortisol in
humans and corticosterone in rodents
(20). Recent discoveries have revealed
that the immune system interacts with
the brain to regulate immune responses

and control inflammation via the stress
response system, including the HPA
axis (17-20). In line with this, it has
become clear that HPA axis over-
responding individuals are susceptible
to periodontitis, whereas under-
responders are relatively more resistant
to the disease (21-24).

Rats with genetically determined
differences in their HPA axis respon-
siveness to danger signals significantly
differ in their susceptibility to perio-
dontitis (21, 22). As pointed out, the
HPA axis responsiveness can be tem-
porarily or permanently changed or
‘reprogrammed’ by  environmental
load, especially so when encountered in
early life (25-27). Moreover, the
release of glucocorticoid hormones
from the adrenal glands during HPA
axis activation (in response to danger
signals) has been found to play a sig-
nificant role for the ability of the early
environment to reprogram the HPA
axis (25-27). In this respect, the syn-
thetic glucocorticoid ‘stress hormone’,
dexamethasone, has turned out to be a
useful tool with which to investigate
the impact of early environmental
stress on the HPA axis responsiveness
in later adult life (27). Because dexa-
methasone is frequently used to pre-
vent lung disease in preterm infants,
neonatal dexamethasone experiments
are also used to study the consequences
of neonatal dexamethasone treatment
on adult HPA axis responsiveness,
health and disease (28).

Early life reprogramming of the
brain—neuroendocrine regulatory
response system profoundly influences
a number of body functions, partic-
ularly behavioural responses to differ-
ent types of environmental stress,
cognition, body weight, immune
system responses, and resistance and
susceptibility to diseases in later life
(26-30). Thus, long lasting effects upon
immune system responses and the sus-
ceptibility and resistance to inflamma-
tory diseases, including the
development and progression of perio-
dontitis, are anticipated. This assump-
tion is supported by recent animal
studies showing that postnatal experi-
ences, such as manipulation in the
maternal environment and exposure to
LPS, can modulate the susceptibility to

experimental periodontitis in the ani-
mals as adults (31, 32).

The aim of the present study was to
further investigate the effects of stress-
ful experiences on the development on
ligature-induced periodontitis. The
synthetic glucocorticoid hormone dex-
amethasone is often used to mimic a
stressful situation and is known to
inhibit the HPA axis responsiveness to
danger signals in later life (25-30).
Accordingly, we investigated whether
postnatal treatment with dexametha-
sone would predict the susceptibility to
periodontitis in adulthood. To reveal
underlying mechanisms we also meas-
ured the effect of the neonatal dexa-
methasone treatment on the expression
of glucocorticoid receptors in the hip-
pocampus. These brain receptors are
highly involved in the negative feed-
back regulation of HPA axis, and their
expression plays an important role for
the responsiveness of the HPA axis,
and for the ability to cope with stress
(33). In addition, we studied whether
tianeptine, a novel drug that protects
the hippocampus against deleterious
consequences of stress and attenuates
the HPA axis response to cytokine
inducers such as LPS (34, 35), would
influence immune responses and the
susceptibility to periodontitis.

Material and methods

Animals

For experiment 1, 10-days pregnant
Wistar rats were obtained from M&l-
legaard Breeding Center (Ejby, Den-
mark). They were housed individually,
had free access to standard rat pellets
and tap water, and were maintained
under a 12-24 h light/dark cycle (light
on 07.00 to 19.00 h) with temperature
and humidity at 22°C and 40-60%,
respectively. Pups were born on
days 21-23 of gestation and weaned at
day 21 of age. Eighteen females (nine
dexamethasone treated and nine con-
trols) were housed four to five per cage
and used for the study.

For experiment 2, 20 male Fischer
344 rats weighing about 300 g at the
time of tianeptine induction were
obtained from Mollegaard Breeding
Center (Ejby, Denmark). They were



included into the study after 2 weeks of
acclimatisation to their housing con-
dition. The rats were kept in groups of
five, and had free access to standard rat
pellets and tap water. They were
maintained under a 12-24 h light/dark
cycle (light on 07.00 to 19.00 h) with
temperature and humidity at 22°C and
40-60%, respectively.

The experiments were registered and
approved by the Norwegian Experi-
mental Animal Board.

Experimental design

Experiment 1 — This experiment was
designed to investigate whether neo-
natal dexamethasone treatment, which
has been used as a model to mimic
stressful experience in early life as well
as synthetic glucocorticoid treatment
to newborn babies (27, 28), would
influence immune and HPA axis
responses to an LPS challenge, as well
as the susceptibility to ligature-induced
periodontitis.

The rat pups were injected intraper-
iotonally (i.p.) with dexamethasone on
life day 1 (0.5 pg/g body weight), day 2
(0.3 pg/g) and day 3 (0.1 pg/g). Con-
trols had equal volumes (10 pg/g) of
sterile pyogen-free saline according to
the experimental design by Kamphuis
et al. (27). All pups in a nest received
either dexamethasone or saline.

Experiment 2 — This experiment was
designed to investigate whether adult
rats chronically treated with tianeptine,
which has been found to oppose and
reverse the action of stress and suc-
cessfully treats depression, would
influence immune and HPA axis
responses to an LPS challenge, as well
as the susceptibility to ligature-induced
periodontitis.

The rats were randomly assigned to
two groups, each consisting of 10 rats.
The animals in group 1 were injected
i.p. with 10 mg/(kg day) of tianeptine
sodium salt (a generous gift from
Stablon, Servier, France) dissolved in
saline. Fresh solutions were made
every day, and the dose was selected
on the basis of available literature.
This dose has been shown to be
effective in numerous reports (36, 37),
including those dealing with the effect
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of tianeptine on stress, LPS, and
cytokine-induced HPA axis activation
(35, 38-41). Group 2 had a similar
amount of saline and served as con-
trols.

Experimental periodontal disease

At 3 months of age, all the animals in
experiment 1 were anaesthetized with a
subcutaneous injection in the neck with
Hypnorm-Dormicum (fentanyl/fluan-
ozon, midazolam), 0.2 ml/100 g body
weight. A sterile silk ligature (Ethicon
Perma-hand® seide, Norderstedt, Ger-
many) was tied around the neck of the
maxillary right 2nd molar teeth. All the
animals in experiment 2 were treated in
a similar way. The ligatures were left in
the same position during the entire
experiment and served as a retention
device for oral microorganisms. Thir-
ty-four days after application of the
ligatures in experiment 1, and 35 days
after application of the ligature and
chronic tianeptine treatment in experi-
ment 2, all animals were killed by
decapitation. The maxillae were
excised and fixed in 4% formaldehyde.

Radiographic examination of
periodontal bone loss

The rat maxillary jaws were placed and
stabilized with dental wax on a Trophy
digital X-ray sensor, oriented with the
axis of the teeth parallel to the sensor
surface. The distance between the
cemento-enamel junction and the most
coronal portion of alveolar bone on
mesial and distal surfaces of the 2nd
molars was displayed digitally. The
examination was done blinded. The
reliability of the method has been tes-
ted earlier (5) and shown to have a
standard error of the mean difference
between two readings of 0.16 mm.

Lipopolysaccharide challenge

To assess whether the treatment regi-
men influenced cytokine and corticos-
terone responses, the animals were
injected i.p. with LPS (Escherichia coli
Serotype 0111:B4, Sigma; 100 pg/ml)
2 h before ending the experiments. In
experiment 2, LPS (150 pg/kg) was, in
addition, injected 24 h before decapit-

ation to assess specific cytokine
responses. After decapitation of the
rats, the blood samples were collected
(6-10 ml from each animal) in vacu-
tainer tubes (10 ml without additives)
and allowed to clot on ice for 1 h.
Thereafter, the samples were centri-
fuged for 20 min at 2000 g, and the
serum samples were removed, aliquot-
ed and stored at —20°C prior to ana-
lysis of cytokines and corticosterone.

Assay of plasma cytokines

The levels of the cytokines tumor nec-
rosis factor (TNF)-o, transforming
growth factor (TGF)-1p, interleukin
(IL)-6 and IL-10 in the plasma samples
were measured by means of enzyme-
linked immunosorbent assays (ELISA)
kits from R & D Systems, Inc., Min-
neapolis, MN, USA, with catalogue
numbers RATO00 for TNF-o, MB100 for
TGF-1B, R6000 for IL-6, and R1000 for
1L-10, respectively. The minimum
detectable level/concentration for TNF-
o is less than 12.5 pg/ml, less than
31.2 pg/ml for IL-10 and TGF-1p, and
less than 62.5 pg/ml for IL-6.

Assay of corticosterone

Plasma corticosterone was measured
with a radioimmunoassay (RIA) Coat-
A-Count kit from Diagnostic Products
Corporation, Los Angeles, CA, USA,
catalogue Number TKRCI1. Limit of
detection was 5.7 ng/ml. The antibody
was highly specific, with the highest
crossreactivity with 11-deoxycorticos-
terone of less than 2%. Plasma corti-
costerone values are expressed as ng/ml
of plasma.

Isolation of RNA from hippocampus
and reverse transcription—
polymerase chain reaction assay of
mRNA for the glucocorticoid
receptor

The hippocampus from the rats in
experiment 1 was isolated immediately
after decapitation and transferred into
1 ml of RNA-later (Ambion, Inc.,
Austin, TX, USA) for later processing.
RNA was extracted using RNA-Whiz
(Ambion, Inc.), yielding RNA prepa-
rations of Aygg/As39 of 1.7-1.8. These
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were DNAase treated (DNA-Free,
Ambion Inc.) prior to use in reverse
transcription—polymerase chain reac-
tion (RT-PCR) analysis.

RT-PCR primers were designed
from the published base-sequence of
mRNA for the rat glucocorticoid
receptor (accession no.Y12264) using
the Oligo program (version 6)
(Molecular Biology Insights Inc., Cad-
cade, CO, USA). For internal standard,
the signal from primers designed from
the mRNA sequence of rat ribosomal
protein L27 (accession no. NM022514)
was preferred to those from rat p-actin
(accession no. V01217 J00691) signal.
Primers for L27 and B-actin were also
designed using Oligo version 6.

RT-PCR was carried out using the
Qiagen One-Step RT-PCR kit (Qiagen
GmbH, Hilden, Germany). RT-PCR
products were analyzed by agarose-
electrophoresis using Gelstar fluores-
cence dye (BMA Inc., Cambrex Corp.,
East Rutherford, NJ, USA) for detec-
tion. Fluorescence-signals were quan-
tified by using the ProExpress imager
(Perkin Elmer Life and Analytic Sci-
ences Inc., Boston, MA, USA). The
RT-PCR analysis was carried out so as
to ensure linearity between amount of
RT-PCR product and integrated
fluorescence signal.

Statistical methods

Results are expressed as mean + SD.
The effects of saline, neonatal dexa-
methasone and tianeptine treatment on
plasma corticosterone and cytokine, as

well as tissue destruction were assessed
with two-factorial repeated measures
analysis of variance (ANOVA) test.
The animal is used as the analytic unit,
the data are expressed as means = SD,
and o level set at p < 0.05.

Results
In experiment 1, neonatal dexametha-
sone treatment reduced the body

weight of the animals, which supports
other studies using the same neonatal
dexamethasone treatment (29). Neo-
natal dexamethasone-treated and sal-
ine-treated animals weighed
203.0 £ 104 g and 2158 + 122 g,
respectively, at ligature induction, and
238.8 £ 13.2 g and 2629 + 309 g,
respectively (» < 0.05 between
groups), at the termination of the
experiment 34 days after ligature
induction (Table 1).

The tianeptine treatment (experi-
ment 2) had no effect on the weight of
the animals. The tianeptine-treated and
control animals weighed 299.2 + 82 g
and 289.1 + 4.8 g, respectively, at
tianeptine induction, and 357.0 +
12.7 g and 357.2 £ 13.2 g, respect-
ively, at the termination of the experi-
ment, 59 days later, and 35 days after
ligature induction (Table 2).

Effect of neonatal dexamethasone
and tianeptine treatment on
periodontal tissue destruction

The neonatal dexamethasone-treated
animals (experiment 1) were killed

Table 1. Effects of neonatal dexamethasone treatment in Wistar rats as adults

34 days after application of the ligature.
The mean bone loss was 0.70 +
0.10 mm in the dexamethasone-treated
rats, vs. 0.86 £ 0.10 mm in the control
rats (Table 1 and Fig. 1) (p < 0.01
between groups). As the neonatal dex-
amethasone-treated rats showed re-
duced weight, the length of their teeth
could be shorter. We therefore com-
pared the root-length of the right 2nd
molar teeth in the two groups by meas-
uring the distance between the cemento-
enamel junction and apex on mesial root
surfaces. There was no difference be-
tween the root-length in the dexameth-
asone-treated and saline-treated control
rats (1.91 £ 0.28 mm in dexametha-
sone-treated rats vs. 1.93 £ 0.09 mmin
the controls; p = 0.87).

The tianeptine animals (experiment
2) were killed 35 days after application
of the ligature. The bone loss was
0.88 + 0.11 mm, compared with
0.99 £ 0.07 mm in the control rats
(Table 2). The bone loss in the treat-
ment group was significantly reduced
compared to that seen in the untreated
controls (p = 0.03).

Effects of neonatal dexamethasone
and tianeptine treatment on
corticosterone plasma levels

In experiment 1, the neonatal dexa-
methasone-treated rats showed a sig-
nificant lower corticosterone response
2 h after LPS injection (dexametha-
sone-treated rats 1265.0 + 345.7 nm/l;
controls 1650.0 + 213.0 nm/L; p =
0.001; Table 1 and Fig. 2).

Treatment

Neonatal DEX (n = 9) Saline (n = 9) p-values
Weight at ligature induction (g) 203.0 = 10.4 215.8 +£ 12.2 0.03
Weight at death (g) 238.8 + 13.2 262.9 + 30.9 0.05
Bone loss, X-ray (mm) 0.70 £ 0.10 0.86 £ 0.10 < 0.001
Corticosterone (nm/l, 2 h after i.p. LPS, day of death) 1265.0 £ 345.7 1650.0 + 213.00 0.01
Expression of hippocampal glucocorticoid receptors 0.86 = 0.18 1.18 £+ 0.13 < 0.001

(relative levels of mRNA 2 h after i.p. LPS, day of death)

TNF-a (pg/ml, 2 h after i.p. LPS, day of death) 3555.8 £ 3370.1 815 + 528.8 0.03
IL-6 (pg/ml, 2 h after i.p. LPS, day of death) 1734.8 + 1536.7 2323.0 + 1780.7 0.43
IL-10 (pg/ml, 2 h after i.p. LPS, day of death) 529 £ 319 65.2 + 59.7 0.53
TGF-1B (ng/ml, 2 h after i.p. LPS, day of death) 412 £ 10.2 414 + 7.1 0.96

All data are shown as means + standard deviation.
DEX; dexamethasone; TNF-o: tumor necrosis factor-o;; IL-6 and 10: interleukin-6 and 10; TGF-'?: transforming growth factor-'%; i.p.:

intraperitonally.
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Table 2. Effects of chronic tianeptine treatment on male Fischer 344 rats

Treatment

Tianeptine (n = 10) Saline (n = 10) p-value
Weight at tianeptine induction (g) 299.2 + 8.2 289.1 £ 4.8 0.68
Weight at death (g) 357.0 £ 12.7 357.2 £ 13.2 0.71
Bone loss, X-ray (mm) 0.88 = 0.11 0.99 + 0.07 0.01
TNF-a (pg/ml, 2 and 24 h after i.p. LPS, day of death) 153.0 £ 115.6 66,8 + 38.3 0.04
TGF-1P (pg/ml, 2 and 24 h after i.p. LPS, day of death) 16.3 £+ 6.1 85+ 26 < 0.01
IL-6 (ng/ml, 2 and 24 h after i.p. LPS, day of death) 900.7 £+ 1034.5 303.3 £ 106.0 0.10
IL-10 (pg/ml, 2 and 24 h after i.p. LPS, day of death) 150.7 + 98.7 90.1 £+ 53.0 0.10
Corticosterone (nm/l, 2 and 24 h after i.p. LPS, day of death) 1382.2 £+ 210.5 1335.6 £ 229.9 0.65

All data are shown as mean *+ standard deviation.
TGF-1p: transforming growth factor-1f; IL-6 and 10: interleukin-6 and 10; TNF-o: tumor necrosis factor-o; i.p.: intraperitoneally.

0O Neonatal DEX-treated rats

[ Saline-treated controls

[

0.6

0.4

Periodontal bone loss (mm)

0.2

0

Fig. 1. The mean distance from the cemento-enamel junction to the alveolar bone crest in
mm in neonatal dexamethasone (DEX)-treated rats and saline-treated controls as measured

on digital radiographs. p < 0.01.

In experiment 2 with tianeptine, there
was no difference in corticosterone re-
sponse after LPS injection (tianeptine-
treated rats 1382.2 £ 210.5 nm/L;
controls 1335.6 £ 2299 nm/L; p =
0.65; Table 2).

Effect of neonatal dexamethasone
treatment and tianeptine on cytokine
plasma levels

The neonatal dexamethasone-treated
rats showed significantly higher TNF-o
plasma level (3555.8 £ 3370.1 pg/ml)
compared to controls (815.2
+ 528.8 pg/ml; p < 0.05; Table 1 and
Fig. 3). The plasma levels of IL-6 as
lower (1734.8 £ 1536.7 pg/ml) in the
neonatal dexamethasone-treated rats
compared to controls  (2323.0
+ 1780.7 pg/ml), but this difference

was not statistically  significant
(p > 0.05; Table 1). Also the plasma
levels of IL-10 (52.9 £+ 31.9 pg/ml)
were lower in the neonatal dexametha-
sone-treated rats compared to controls
(65.2 £ 59.7 pg/ml), but this difference
was not significant (Table 1). TGF-1
plasma levels did not differ between
groups (41.2 + 10.2 ng/ml vs. 41.4 +
7.1 ng/ml; p = 0.96; Table 1).

The tianeptine-treated rats showed
significantly higher plasma levels of
TNF-o (153.3 + 115.6 pg/ml) com-
pared to controls (66.8 + 38.3 pg/ml;
p =0.04). The plasma levels of
TGF-1B were also significantly higher
in the  tianeptine-treated  rats
(16.3 £ 6.1 ng/ml vs. 8.5 + 2.6 ng/
ml; p < 0.01). In addition we found a
tendency to higher plasma levels of
IL-6 (900.7 + 1034.5 pg/ml Vs.

303.3 + 106.0 pg/ml; p = 0.10), and
IL-10 (150.7 + 98.7 pg/ml Vs.
90.1 + 53.3 pg/ml; p = 0.10; Table 2).

Effect of neonatal dexamethasone
treatment on hippocampal
expression of mRNA for the
glucocorticoid receptor

The expression of mRNA for the
glucocorticoid receptor in the hippo-
campus was significantly lower in the
neonatal dexamethasone-treated rats
compared to saline-treated controls.
The integrated fluorescence signals of
the PCR products obtained with
primers for the glucocorticoid receptor
were expressed as a fraction of the
signals obtained using primers from
ribosomal protein L27 (house-keeping
gene, used as internal control). The
mean ratio obtained for the glucocor-
ticoid receptor was 0.86 £+ 0.18 in the
dexamethasone-treated rats and
1.18 £+ 0.13 in saline-treated controls
(p < 0.001 between groups; Table 1
and Fig. 4).

Discussion

Experiment 1 demonstrates that early
postnatal treatment of rats with the
synthetic glucocorticoid ‘stress hor-
mone’ dexamethasone increases
the resistance to experimental liga-
ture-induced periodontal disease in
adult rats. The data also show that
neonatal dexamethasone-treated rats
had significant reduced glucocorticoid
receptor expression in the hippocam-
pus as adults. In addition, we meas-
ured significantly lower plasma levels
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Fig. 2. Levels of corticosterone in serum 2 h after intraperitoneal injection of lipopolysac-
charide (250 pg/kg) in neonatal dexamethasone (DEX)-treated rats and saline-treated. p =

0.01.
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Fig. 3. Levels of tumor-necrosis factor-o (TNF-a) in serum 2 h after intraperitoneal injection
of LPS (250 pg/kg) in neonatal dexamethasone (DEX)-treated rats and saline-treated con-

trols. p < 0.05.

of corticosterone after a robust LPS
challenge in the adult rats treated
neonatally ~ with  dexamethasone,
which demonstrates that the HPA
responsiveness to LPS was decreased.
Finally, the neonatal dexamethasone-
treated rats showed an altered
immune response in adulthood to
gram-negative bacterial antigens, as
demonstrated with significantly higher
blood levels of the pro-inflammatory

cytokine TNF-o in response to a
robust LPS challenge.

Experiment 2 demonstrates that
chronic treatment with the antidepres-
sant drug tianeptine significantly
inhibits tissue breakdown in ligature-
induced periodontitis in periodontal
disease susceptible Fischer 344 rats. In
addition, we found that the tianeptine
treatment influenced the immune sys-
tem by significantly enhancing the

plasma concentrations of the pro-
inflammatory cytokine TNF-a and the
T regulatory cytokine TGF-1B in
response to the gram-negative bacterial
antigen LPS. Tianeptine-treated rats
also tended to produce more IL-6 and
IL-10 in response to LPS.

Together, the two experiments
demonstrate that treatments that
change the responsiveness of the stress
response system, whether in early
childhood or in adult life, can change
immune responses to gram-negative
bacterial LPS antigens and the sus-
ceptibility/resistance to periodontitis.
This is, to our knowledge, the first re-
port demonstrating that neonatal dex-
amethasone treatment and treatment
with an antidepressant drug inhibit the
development of periodontitis.

Decreased reactivity of the HPA axis
to stressors in adult life after neonatal
glucocorticoid  exposure, including
dexamethasone, is supported by other
studies (27, 29, 42-46). The finding that
the neonatal dexamethasone-treated
rats are responding with a decreased
HPA axis response to an antigenic
(LPS) challenge from gram-negative
bacteria, is also in accordance with
recent studies (29). Actually, adult rats
treated with dexamethasone shortly
after birth have been found to respond
with significantly weaker HPA axis and
glucocorticoid responses to differential
environmental loads (stressors), such
as novelty stress, conditioned fear,
restraint stress, the pro-inflammatory
cytokine IL-1B, and LPS (27, 29, 42—
46). This shows that the effect of neo-
natal dexamethasone treatment is not
specific for LPS, but involves several
danger signals or environmental stres-
sors that are well known to activate the
HPA axis. Thus, neonatal synthetic
glucocorticoid hormones exposure (or
environmental stressors in early life
that lead to HPA axis activation and
subsequent increased release of
endogenous glucocorticoids) may per-
manently change an individual’s gen-
etically  determined HPA  axis
responsiveness to stressful stimuli,
including the pathogenic bacterial
antigen LPS.

The decreased glucocorticoid recep-
tor expression in the hippocampus is
also confirmed by other investigators
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Fig. 4. Relative levels of mRNA for the glucocorticoid receptor in hippocampus expressed
relative to the level of ribosomal protein L27 (house-keeping gene used as internal control) in
neonatal dexamethasone (DEX)-treated rats and saline-treated controls. p < 0.001).

(42, 44). This finding was unexpected
because down-regulation of hippo-
campal glucocorticoid receptors is
usually followed by weaker negative
feedback inhibition and thus stronger
HPA axis responses to danger signals
(33). However, Kamphuis and col-
leagues have recently shown that this
discrepancy is most likely due to hyper-
sensitivity of the HPA axis to negative
feedback by glucocorticoids at the
hypothalamic level induced by the
neonatal dexamethasone treatment,
and it may represent a compensatory
adaptive response (27). Glucocorticoid
receptors are conceivably down-regu-
lated in the hippocampus to compen-
sate for the hypersensitivity to
glucocorticoids. Thus, the neonatal
dexamethasone treatment may have
changed the neurotransmission in the
developing brain and induced a very
strong hyper-sensitivity to glucocorti-
coid negative feedback inhibition, and
this effect may be responsible for the
weaker HPA axis response in adult life.

Interestingly, stressful experiences in
early life can both down-regulate the
HPA axis (as in the present experi-
ment) and make the animals less sus-
ceptible to periodontitis (32) but more
susceptible to Thl-mediated autoim-
mune diseases (19, 29), or up-regulate

the HPA axis and make the animals
more susceptible to periodontitis (31,
32) but less susceptible to Th-1 medi-
ated autoimmune diseases, such as
experimental autoimmune encephalo-
myelitis (19, 29). This disease mimics
multiple sclerosis in humans. Thus,
strong pro-inflammatory Thi
responses, which are unfavourable for
Thl-mediated autoimmune diseases
such as multiple sclerosis, may be
favourable for periodontitis.

The results in experiment 2 in the
present study, which showed that tia-
neptine altered TNF-a and TGF-1B
responses to LPS, support other stud-
ies showing that chronic treatment
with tianeptine, as well as with other
antidepressants, can alter immune
responses to pathogenic antigens (35,
38, 39, 47). Tianeptine is a modified
novel tricyclic antidepressant (TCA),
which is not associated with anti-cho-
linergic side-effects or with cordiotox-
icity in overdose. Like TCAs,
monoamine oxydase inhibitors, and
selective serotonin reuptake inhibitors,
it opposes and reverses the action of
stress and successfully treats depres-
sion (48, 49). This drug is also devoid
of the side-effects characterizing many
antidepressants, such as sedation,
sleeping trouble, and weight gain (50).

Recent studies have shown that
negative stressful life experiences may
down-regulate the production of new
brain cells or neurons. The accom-
panying shrinkage of brain structures
is especially evident in the hippocam-
pus, which is highly involved in learn-
ing, memory and coping, and the
negative feedback regulation of the
HPA axis and sympathetic nervous
system (51). Structural changes in the
morphology of brain cells and their
dendrites, as well as the cognitive
impairment often associated with
severe depressive illness, are opposed
or reversed by antidepressant treat-
ment (52). Tianeptine, in particular,
has been found to stimulate the pro-
duction of new neurons (neurogenesis)
(52). This may also serve to normalize
the neurotransmission of glutamate,
which is cardinal in this process (53).
The ability of tianeptine to reverse the
structural changes in the hippocampus
may partly account for its effect on the
reactivity of the neuroendocrine sys-
tems and immune regulation (53, 54).

Interestingly, we have recently found
that surgically inflicted lesions in the
hippocampus up-regulate the HPA
axis reactivity and dramatically
increase periodontal disease suscepti-
bility (55). Other procedures with sim-
ilar effects on the HPA axis, e.g.
chronic treatment with the glutamate
receptor antagonist MK-801, and
postnatal glutamate-induced central
nervous system lesions, likewise worsen
periodontitis (28, 56).

Glutamate plays a significant role in
immune-to-brain signalling and HPA
axis regulation. For example, in
response to peripheral gram-negative
LPS or the pro-inflammatory cytokine
IL-1B there is an increased release of
glutamate within the nucleus tractus
solitarious (57). This is a brain cell
nucleus receiving direct input from
afferent sensory nerves during periph-
eral immune and inflammatory pro-
cesses. Glutamate also augments
retrovirus-induced immunodeficiency
through stimulation of the HPA axis
(58, 59). Alteration in glutamate neu-
rotransmission may in part also
explain the powerful inhibiting effect of
dietary glycine treatment on ligature-
induced periodontal disease (60).
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Glutamate therefore probably plays an
important role in tianeptine-induced
alterations in neurotransmission as
well as periodontal disease receptive-
ness and progression.

Glutamate is the principal excitatory
neurotransmitter in the brain. It
mediates central elements of the cellu-
lar effects of stressful stimuli by bind-
ing to the N-methyl-p-aspartate
(NMDA) receptor subtypes. Tianep-
tine counteracts the increase in
NMDA-receptor expression during
stress (53). Different serotonin reup-
take inhibitors and TCAs, the mood
stabilizer lithium, and electroconvul-
sive shock therapy, up-regulate glu-
tamate in the same brain regions (53,
61). Thus, a common cellular mech-
anism may explain the actions of anti-
depressants on immune responses and
its effect on the outcome of ligature-
induced periodontitis as found in this
study, and glutamate is likely to play
an important role.

Recent studies have shown that
chronic treatment with tianeptine
decreases the HPA axis response to
danger signals, including those induced
by psychological stress or coming from
the immune system during LPS stimu-
lation (35, 38, 39). It was therefore
expected that chronic tianeptine treat-
ment would reduce the serum levels of
corticosterone in response to the LPS
challenge, and thereby influence on the
cytokine response and the outcome of
periodontal disease. However, in con-
trast to the above-mentioned studies,
we did not find reduction in HPA axis
responsiveness (as measured by plasma
corticosterone) induced by LPS stimu-
lation in the chronic tianeptine-treated
rats compared to vehicle-treated con-
trols. This discrepancy may be caused
by difference in chronic tianetine
administration. For example, in the
studies by Castanon and colleagues
(38, 39) tianeptine was given twice
daily, compared to once daily (with the
same dose) in our experiment. In these
studies, tianeptine was also adminis-
trated immediately after the LPS chal-
lenge, whereas LPS was given 2 h after
the last tianeptine injection in the pre-
sent experiment. Our finding is, how-
ever, in line with some other studies
suggesting that chronic tianeptine

treatment does not reduce the HPA
axis response to stressors (34).

It is also possible that tianeptine
may have altered the cytokine response
and inhibited periodontal disease pro-
gression via  other mechanisms.
Antidepressant drugs are known to
down-regulate the enhanced sympa-
thetic nervous system as well as en-
hanced HPA axis responses during
severe depression and stress (61). Thus,
tianeptine may have influenced im-
mune cell responsiveness and perio-
dontal disease susceptibility by down-
regulating the sympathetic nervous
system or other brain-to-immune reg-
ulatory pathways. For example, we
have recently found that peripheral
chemical sympathetic nervous system
denervation induced by the neurotoxic
drug 6-hydroxydopamine, which des-
troys peripheral noradrenalin releasing
sympathetic nervous system terminals,
inhibits experimental periodontal dis-
ease in Fischer 344 rats (62), suggesting
that over-responsiveness of the sym-
pathetic nervous system may also play
an important role in the pathogenesis
of periodontal disease. Tianeptine may
also have altered immune cell respon-
siveness directly. For example, in vitro
studies have revealed that human
monocytes, stimulated with LPS, show
altered cytokine responses when trea-
ted with antidepressant drugs (63).

In conclusion, the current data
demonstrate that exposure to gluco-
corticoid hormones in early postnatal
life reprograms the responsiveness of
the immunoregulatory HPA axis. The
change in HPA axis responsiveness is
associated with a change in brain
glucocorticoid receptor expression,
immune system responses, as well as
altered susceptibility to periodontitis in
adult life. These data suggest that
exposure of endogenous glucocortic-
oids (which is typical during environ-
mental stressful experiences) just after
birth and subsequent alteration in the
HPA axis responsiveness, may play a
significant role for the susceptibility to
periodontitis throughout life. The pre-
sent study also suggests that dexa-
methasone therapy in newborn
individuals, which is routinely used to
prevent respiratory distress in preterm
infants and increases the susceptibility

to Thl-mediated autoimmune diseases
(29, 30), may reduce genetically deter-
mined susceptibility to periodontitis.

The data also demonstrates that
chronic treatment with the antidepres-
sant drug tianeptine significantly
inhibits ligature-induced periodontal
breakdown. In addition, tianeptine
significantly enhanced the pro-inflam-
matory cytokine TNF-o and the T
regulatory cytokine TGF-p in response
to a robust LPS challenge in stress
over-responding and periodontal dis-
ease susceptible Fischer 344 rats. Sev-
eral biological mechanisms may be
involved, including its effect on glu-
tamate NMDA receptors, the HPA
axis, and the sympathetic nervous sys-
tem.

Thus, an individual’s responsiveness
to stressors (psychological, chemical,
or immunological), whether it is
induced in early childhood or adult
life, may importantly determine the
variable susceptibility to periodontitis.
These findings may also help us to
understand the association found
between periodontitis and adult
stressful experiences, such as those
experienced by soldiers at war (17), the
loss of a loved one by death (14), and
financial strain (16). Our data may also
help us to understand the association
found between periodontitis and an
individual’s ability to cope with
stressful experiences (14-16). The re-
sults may provide new insight into the
mechanisms of periodontal disease
development, and open new vistas for
disease prevention. Apart from dental
plaque control, treatment approaches
capable of altering brain—neuroendo-
crine-immune regulatory pathways
may modulate the predisposition to
periodontitis. Epidemiological studies
in humans are needed to study the
consequences of early postnatal life
experiences on susceptibility/resistance
to periodontitis in adulthood.
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