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Abstract: Periodontitis is a chronic inflammatory complex disease caused by microorganisms. It may be influenced by diverse systemic
disorders, environmental, genetic and socio-psychological factors with the ability to alter the balance of the host neuro-immuno-
endocrine responses. It is characterized by the progressive destruction of the tooth supporting apparatus leading to tooth loss, with possi-

ble impact on general health.

Starting with a brief description of the periodontium, etiopathogenesis, repair processes and several physiological mechanisms and their
disarray on periodontium response to bacterial challenge. Following, the negative effects of stress on the disease and some remarks on the
recently discovered effects of oxytocin that modulate stress response and its role in individual coping mechanisms to stress. We also fo-
cus on the participation of components and functions of endocannabinoid system with anti-inflammatory actions on gingiva.

Finally, a discussion that may link between diabetes, cardiovascular diseases, stroke and metabolic syndrome associated with periodontal
disease; all of them sharing a common denominator that is inflammation and oxidative stress.
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INTRODUCTION

The existence of periodontitis goes back in time. Pathopa-
leodontology studies have revealed the presence of this disease in
the mandible of Pre-Neanderthals found by Hans Virchov in
Ehringsdorf, Germany. Tabloids with cuneiform characters found in
the Library of Assurbenipal, Syria described medical treatments
that Babilonians and Assyrians used to treat periodontitis. Apart
from magical considerations, there were many medical suggestions
for the treatment of periodontal disease using formulas containing
aloe, cannabis and myrrh, for example, which were applied by fin-
gertips to the teeth when they were loose and showed gingival swel-
ling. In ancient Egypt, doctors specialized in different fields for
treating medical issues such as those related to the head, bones,
intestine, heart and teeth. Furthermore, information about periodon-
tal disease was found in an ancient book, Susruta Samhita, describ-
ing Indian medicine from the Brahmanic period. Here a rather de-
tailed description revealed that loose teeth were often associated
with swollen and bloody gums, suppuration and an awful smell. It
was suggested that these effects were due to local or systemic blood
alterations [1].

In our days, world prevalence of periodontal disease is about
5% to 15%. Any population suffers from severe generalized perio-
dontitis and the majority of adults may be affected by mild to mod-
erate form of periodontitis [2, 3]. Epidemiological data from Argen-
tina show that only 3% of the population is healthy and 97% need
periodontal treatment: 17% oral hygiene instruction, 65% oral hy-
giene instruction and scaling and 14% complex treatment [4].

Although much has been learned about periodontal disease over
the years, we are still trying to better understand its etiology and
treatment. Periodontitis is a chronic inflammatory disease caused by
microorganisms on the tooth surface and invading surrounding
tissues, associated with the interactions between genetic predisposi-
tion and environmental factors that play an essential role in the
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development and maintenance of the pathology as in complex dis-
eases. Complex diseases are common, chronic, associated with
variations in multiple genes, each having a small overall contribu-
tion and relative risk for the disease process. These genes are con-
sidered disease modifying genes: Using RNA-seq, at least 50 up-
regulated genes that are involved in the subsequent immune re-
sponse were described. Therefore, genetic polymorphisms exist in
many of the inflammatory and immune mediators such IL-1, IL-6,
IL-8, TNF-alpha, etc. Recently, two new genes had been identified
to be expressed in periodontitis: interferon regulatory factor 4 and
chemokine (C-C motif) ligand 18 [5-7].

The aim of this update is to review the host neuro-immuno-
endocrine responses to the bacterial challenge in chronic periodon-
titis and how they can be modulated by environmental and individ-
ual factors.

BRIEF REVIEW OF THE ANATOMY, FUNCTION, MO-
LECULAR AND BIOLOGICAL FEATURES OF THE PE-
RIODONTIUM IN ORDER TO UNDERSTAND PERIODON-
TAL DISEASE

The periodontium is integrated by four tissues; the gingiva,
periodontal ligament, alveolar bone and root cementum. Together
they act as a unit to provide support and maintain the teeth in func-
tion. Teeth go from inside to outside the body by penetrating the
integument. Gingival epithelium and connective tissue around the
teeth form a dentogingival complex, which serves as unique barrier
to oral challenges. The skin and mucosal surfaces are the major
components of our natural immune system because they serve as
physical barriers with phagocytic cells and blood-borne molecules
that participate defending the organism from the external hostile
environment [8].

Histologically, the gingiva is composed by epithelial and under-
lying connective tissue. Anatomically, it is classified in two parts:
free gingiva and attached gingiva. After complete eruption of the
tooth the free gingiva is the terminal edge or margin of the gingiva
surrounding the teeth, usually 2mm wide and it also comprises the
interdental papillae. Facing the tooth it presents a small V shaped
invagination like a shallow crevice named gingival sulcus which
must be maintained healthy by intense and prolonged plaque con-
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trol. In health this sulcus can measure from 1 to 4mm depth, during
inflammation it becomes deeper > 4mm and it forms the “gingival
pocket. The attached gingiva is continuous with the free gingiva,
extends in apical direction up to the movable alveolar mucosa. It is
firm, resilient and tightly bound to the underlying alveolar bone and
root cementum by connective tissue fibers making it immobile in
relation to the other tissues [9] (See Fig. 1a).

The gingival epithelium shows different morphologic variations
that include: the oral epithelium, sulcular epithelium and junctional
epithelium. The oral gingival epithelium covers the crest and outer
surface of the free gingiva, it is keratinized composed by four lay-
ers: stratum basale (basal layer), stratum spinosum (prickle cell
layer), stratum granulosum (granular cell layer) and the stratum
corneum (Kkeratinized cell layer). In the oral epithelium 90% of the
cells are keratinocytes. Langerhans cells, melanocytes and Merkel
cells are non-keratin producing cells in the basal layer. The Langer-
hans cells that are dendritic cells, belong to the mononuclear
phagocyte system, and play an important role in protective immu-
nity by processing exogenous antigens and presenting them to anti-
gen specific T lymphocytes that become activated during inflamma-
tion. Melanocytes are found interspersed between keratinocyts in
the basal and spinosum stratum they synthesize melanin and the
melanin granules are phagocytosed and contained within other cells
of the epithelium and connective tissue called melanophages.
Therefore, melanocytes are responsible for brownish pigmentation
of the gingival. Merkel cells are located in the deep layers of the
epithelium at the tips of the rete ridges connected to the adjacent
cells by desmosomes, harbor intraepithelial nerve endings, forming
the epidermal Merkel cell-neurite complexes involved in mechano-
perception [9].

The basal lamina is permeable to fluids, acts as a barrier to par-
ticulate matter and has a wavy shape. Extensions of connective
tissue project into the epithelium called connective tissue papillae
and are separated from each other by epithelial ridges called also
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“rete pegs”. Thus, it is a morphologic characteristic of oral and
sulcular epithelium while they are absent at the junctional epithe-
lium. During inflammation the epithelial ridges become elongated
[10].

The sulcular epithelium lines the gingival sulcus, extends from
the crest of the free gingival margin apically to the coronal limit of
the junctional epithelium. It is a non-keratinized stratified squamous
epithelium, lacking of granulosa and cornea strata. The sulcular
epithelium has the potential to keratinize if the bacterial flora is
totally eliminated from the sulcus. These findings suggest that the
local irritation prevents sulcular keratinization. The sulcular epithe-
lium acts as a semi-permeable membrane through which tissue fluid
may pass into the sulcus and bacterial products may pass to the
gingival tissues [11].

The gingival epithelial cells react to external stimuli by synthe-
sizing cytokines, prostaglandins, adhesion molecules, growth fac-
tors and enzymes. They may produce peptides such as defensins
and also eicosanoids such as endocannabinoids. During challenge,
these cells will over-express adhesion molecules such as intercellu-
lar adhesion molecule-1 and cytokines, chemokines, prostaglandins,
Toll-like receptors and proteolytic enzymes for polymorphonuclear
cells recruitment and migration. All together, these molecules act as
initiator, regulator and mediator of host immune response. Histopa-
thologic observations demonstrating disruption of the integrity of
the periodontal pocket, a sizeable ulcerated surface amounting to up
to 8 to 20 cm?[12].

The junctional epithelium is a non-keratinized epithelium at-
tached to the tooth surface by basal lamina and hemidesmosomes. It
is located at the cement-enamel junction and it starts with one or
two cells extended coronally, increasing up to 20 cells wide when it
reaches the sulcular epithelium. The rapid turnover of these cells
contributes to the host-parasite equilibrium and rapid repair of tis-
sue damage. Together with the sulcular epithelium they have the
hability to replenish themselves in 1-6 days turnover time and at the
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Fig. (1). Anatomical landmarks of periodontium in normal (a) and periodontitis (b).
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same time fibroblasts can also produce new collagen fibers. The
regenerating epithelial cells move towards the gingival sulcus
where they are shed. Gaps between the cells appear to be larger
than in the sulcular epithelium. The junctional epithelium is a
highly permeable, genetically programmed participating in homeo-
stasis. Leukocytes and neutrophils predominate in the gingival sul-
cus and appear to migrate continuously through the junctional epi-
thelium into the sulcus. This infiltrate increases with the accumula-
tion of plague and gingival inflammation. The recruitment of leu-
kocytes from the gingival tissue to the crevice is due to the chemo
attractant action of products derived from the biofilm as well as
from factors released by the host. Transudates and exudates of fluid
that contain varying amounts of plasma proteins leave the vessels of
the dentogingival plexus and arrive in the gingival crevice region as
a gingival crevicular fluid. The main rout of the gingival fluid dif-
fusion is through the basal lamina and the wide intercellular spaces
of the junctional epithelium and sulcular epithelium into the sulcus.
Other components are connective tissue elements, epithelial cells,
inflammatory cells, serum, and microbial flora inhabiting the gingi-
val sulcus and margin. In health, the amount of gingival fluid is
very small. During inflammation the flow increases from 20 pl per
hour up to >20 pl per hour and its composition resembles that of an
inflammatory exudate. It contains a vast array of biochemical fac-
tors which can be used for diagnostic or prognostic biomarkers of
the biological state of the periodontium in health and diseases [9,
13].

The attachement of the junctional epithelium around the tooth
surface is reinforced by the gingival fibers which brace the gingival
margin. For these reasons it is considered a dentogingival unit.
Below the cementoenamel junction the gingival connective tissue
via collagen fibers anchor into the root cementum surface just be-
low the terminal point of the junctional epithelium, form the con-
nective tissue attachment. The stability of this attachment is a key
factor in limiting the migration of junctional epithelium. The gingi-
val connective tissue known as lamina propia, fixes the teeth within
the alveolar bone and gives support to the epithelial tissues. The
main component are the collagen fibers (60%), fibroblast cells
(5%), nerve fibers and vessels (35%) and some other cells, all em-
bedded in an amorphous substance known as matrix. Collagen fi-
bers constitute the most essential component of the periodontium.
They are organized in two patterns: one in dense thick bundles of
fibers with Type | collagen and the other Type 11l collagen in a
loose fiber arrangement which are short and thin and organized in a
reticular network. Fibronectin and osteonectin are observed around
collagen fibers and elastin fibers are found more in the mucosal
area. The function of these gingival fibers as we mentioned above is
to brace the free margin firmly around the tooth, providing rigidity
to withstand the forces of mastication without being deflected away
from the tooth surface [9].

There is a wide range differences in the population of the fibro-
blasts cells with variable features including morphology, migratory
behavior and matrix synthesis. The gingival fibroblasts have mes-
enchimal origin, they synthesize collagen, elastic fibers, glycopro-
teins and glycosaminoglycans for the matrix. They participate in
different regulatory processes necessary for tissue homeostasis via
phagocytosis and degradation by secretion of collagenases and
metalloproteinases. Hence, during tissue turnover and remodeling
they allow for changes in shape and structure of the connective
tissue without impairing function. Fibroblasts respond to changes in
the matrix to metabolic products, growth factors and cytokines in a
paracrine or autocrine manner. If the regulatory processes are al-
tered a net gain or loss of connective tissue will result in over-
growth or tissue destruction. Transforming growth factor-beta se-
creted by platelets and macrophages influence the synthesis of col-
lagen and other matrix components by fibroblasts. On the other
hand, collagen synthesis may be inhibited by TNF alpha, prosta-
glandin E; and interferon-gamma at a transcriptional level. Other
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cells found in the lamina propia are macrophages derived from
circulating blood monocytes which migrate into tissue, being nu-
merous during inflammation. Adipocytes and eosinophils are less in
number and B lymphocytes appear in greater proportions to elabo-
rate specific antibodies against already-recognized antigens that are
always present in the sulcus of clinically normal gingival [14].

The connective tissue cells are embedded in the matrix. It is the
medium essential for the maintenance of the normal function of the
connective tissue. Proteoglycans are the main constituent, classified
in groups depending upon the location. They are found as matrix
organizers and tissue space fillers and are intracellular or cells sur-
face components. Integrins are cell surface molecules that regulate
cell adhesion and migration for the epithelial cells, fibroblasts, leu-
kocytes, macrophages and T-cells. These molecules have been
shown to be over expressed during wound healing [15].

The nerve fibers of the dentogingival region are sensitive fibers
from the V craneal pair, the trigeminal nerve, specifically from the
superior maxilla and inferior mandibular branch. The gingival in-
nervations are derived from fibers arising from nerves in periodon-
tal ligament and from labial, buccal and palatal nerves. Like other
tissues, the periodontium has nociceptors and mechanoreceptors
which record pain, touch and pressure. Their trophic center is in the
semilunar ganglion and are brought to the periodontium via the
trigeminal nerve and its branches. These nerve fibers can either be
myelinated and unmyelinated and are extensively distributed
throughout the gingival tissue. The myelinated fibers are closely
associated with the blood vessels. The unmyelinated fibers originat-
ing in the connective tissue and penetrating into the junctional epi-
thelium contain neuropeptides at their endings. The function of
these nerve fibers is not only sensory, as they also participate in the
neurogenic/inflammatory alterations responding to different stimuli
(chemical, mechanical and/or sensorial) by releasing peptides such
as substance P, neuropeptide Y and calcitonin gene-related peptide
(CGRP). Other nerve structures that can be found are Meissner-type
tactile capsules and Krause-type end bulbs, which are temperature
sensitives [15, 16].

The gingiva has one of the largest end blood supplies of the
body. It forms distinct networks, one bounded to the oral and sulcu-
lar gingival epithelium extend into the papillary connective tissue
between the rete pegs in the form of terminal hairpins loops. The
other, subjacent to the junctional epithelium termed the gingival
plexus. Three sources of blood supply to the gingiva can be men-
tioned: supraperiosteal arterioles, vessels of the periodontal liga-
ment and arterioles which emerge from the crest of the interdental
septa. Studies of gingival vasculature have demonstrated that in the
absence of inflammation, the vascular network is arranged in a
regular, repetitive, and layered pattern. During inflammation, the
vasculature exhibits an irregular vascular plexus pattern, with mi-
crovessels exhibiting a looped, dilated, and convoluted appearance
[17].

The periodontal ligament is a soft, vascular and cellular rich
connective tissue which surrounds the root of the teeth and joints
the root cementum to the socket wall of the alveolar bone. In the
coronal direction the periodontal ligament is continuous with the
connective tissue of the gingiva and is demarcated from the gingiva
by the collagen bundles which connect the alveolar bone crest with
the root known as the alveolar crest fibers. The cells found in the
periodontal ligament are: fibroblasts, cementoblasts, osteoblasts,
osteoclasts, epithelial cells and nerve fibers. In the hope to under-
stand more about immunomodulatory properties of this tissue dur-
ing inflammation, many researchers isolate and culture periodontal
ligament cells. It has been suggested that periodontal ligament stem
cells (PDLSC) are located around blood vessels. Recently, cultured
PDLSC were found to express markers for mesenchymal cells, stem
cells and pericytes. These findings are very relevant since they
show that PDLSC could differentiate into osteoblasts, adipocytes
and chondrocytes and have the potential for regeneration of perio-
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dontal tissue. Furthermore, as pericytes, they can form a capillary
like structure and interact with endothelial cells. Another recent
study shows that during inflammation, mesenchymal stem cells
derived from PDLSC presented dysfunctional immunomodulatory
properties. They found that during inflammation PDLSC had sig-
nificantly diminished inhibition of T-cell proliferation. Further-
more, suppression of Th-1 differentiation and IL-17 production by
inflamed PDLSC was significantly lesser than by healthy cells. This
may contribute to osteoclastogenesis and alveolar bone loss in pe-
riodontitis [18 - 20].

Chronic periodontitis is prevalent in adult patients but can occur
in children. Although, there is no clinical evidence that periodontal
disease in elderly subjects is caused by the aging process, some
experimental evidences suggest that aging decreases the ability of
periodontal ligament cells to proliferate and modulate the expres-
sion of important inflammatory and an anti-resorptive profile. Age
could be viewed as an increased opportunity for exposure for dis-
eases and for heavy smoking. Aging might affect other aspects of
managing periodontal health like reflect a cumulative exposure to a
number of potentially destructive processes such as plaque associ-
ated periodontitis, compliance with supportive maintenance treat-
ment. Interestingly, a study mentioned a greater compliance in older
patients than in younger. Other authors point out that with age there
are changes in immune system that show an increase in oxidant and
inflammatory compounds [21, 22].

The host response is protective through surveillance, intercep-
tion and removal of foreign materials and there must be a balance
between repair and destruction to maintain an adequate homeostasis
and normal function. If the response is not enough or inadequate, it
becomes destructive rather than protective, the tissue function is
compromised and clinical features as “pocketing” are observed.
Periodontal pockets are not evident at simple visual inspection. This
condition occurs slowly, mostly is not painful, asymptomatic, and
many patients are unaware until the condition has progressed
enough to express the characteristics of advanced periodontitis such
as: gingival erythema and edema, gingival bleeding, gingival reces-
sion, tooth mobility and/or drifting, suppuration from periodontal
pockets and at the end, tooth loss. All can occur in a variable time,
during the years of chonicity and alterating with acute stages de-
pending on the interaction of the environmental factors on individ-
ual genetic phenotype and bacterial heterogenecity [23] (See Fig.
1b).

The progressive lesions of gingival/periodontal tissues are di-
vided in four stages: initial, early, established and advanced. The
initial and the early stages characterize the histopathology of a
clinically healthy gingiva to gingivitis which can be reversed with
good oral hygiene and/or periodontal treatment. The established
lesions feature chronic gingivitis. The advanced lesion is when
gingivitis progressed to periodontitis and the lesion is consistently
associated with the attachment and alveolar bone loss. Briefly, as
biofilm continues apical down growth, in Imm?® of dental plac there
can be 108 bacterias, pocket deepens and an anaerobic ecological
niche is established at 4mm or more. The damage to the collagen
fibers is extensive. The pocket epithelium migrates apically from
the cementoenamel junction and there are widespread manifesta-
tions of inflammatory and immunopathological tissue damage. The
lesion is not only localized at the gingival tissues, since the inflam-
matory cell infiltrate extends laterally and apically into the connec-
tive tissue of the attachment apparatus. At this stage, professional
treatment with root planning, treatment with antibaiotics, surgery
and good oral hygiene and maintenance are required for the treat-
ment of this chronic disease [15, 23].

The repair involves similarity to any other tissues. These proc-
esses consist of the removal of degenerated tissue debris and the
replacement of tissue destroyed by disease. The healing lesions
imply regeneration and repair of the periodontal structures. It in-
volves the remodeling of the attachment apparatus but not the re-
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gaining of the attachment level or new bone height. In periodontium
one of the wound edges is the root surface, so upon injury as in a
periodontal flap or after periodontal root scaling treatment, undam-
aged epithelial cells from the stratum basale start within hours to
migrate to the wound margin. This migration is provided by locally
released factors such as epidermal growth factor, platelet-derived
growth factors, fibronectin and cytokines. This epithelialization
leads to the migration of the epithelium along the root and over the
wound surface apically until it reaches the collagen attached fibers
on the root. This wound healing explains the formation of epithelial
adaptation. The process involves inflammatory and fibroblast cells
and a new synthesized matrix. Within hours, in the wound a fibrin
clot adheres to the root surface with a big infiltration of neutrophils.
At day 3, tissue is still well infiltrated with inflammatory cells and
some fibroblast can be seen at the granulation phase starting with
the fibrin clot degradation. By day 7, the granulation tissue is well
formed with collagen fibers aligned in a parallel array along the
root surface and the matrix continues to remodel. At day 14, some
fibers may show some signs of attachment under the epithelial junc-
tion. A minimum of 3 weeks are needed for healing and fully func-
tional connective tissue attachment to the root surface. The above
mentioned epithelial adaptation allows the reestablishment of a
normal gingival sulcus at the same level of the pre-existing pocket
base [9].

THE ETIOLOGY OF PERIODONTAL DISEASE

The pathogenesis of periodontal disease is initiated by bacteria
that colonize the tooth surface, gingival sulcus and the inflamma-
tory-immune response of the host. Skin and all the interface sur-
faces of our body are exposed to colonization of many different
microorganisms. Renewal by shedding of the surfaces prevents the
accumulation of large masses of these organisms. Tooth surface is a
hard non-shedding surface where bacteria may develop and deposit
in large amounts. Thus, any deposit in the oral cavities, on any hard
surfaces are named dental plaque or bacterial plaque and is consid-
ered the primary cause of gingivitis, periodontitis, and peri-
implantitis. Following immersion of hard, non-shedding surface
into the fluid environment of the oral cavity, adsorption of macro-
molecules will lead to the formation of a biofilm. Therefore, dental
plaque is a natural occurring microbial deposit that represents a true
biofilm which consists of bacteria in a matrix composed mainly of
extracellular bacterial polymers and saliva and/or gingival exudate
products. It is estimated that about 700 different species are capable
to colonize the mouth and any individual may harbor 150 species or
more. Counts in subgingival sites range from 10% in healthy shallow
sulci to >10% in deep periodontal pockets. In a patient with a mod-
erate to severe periodontitis the affected area may reach up to 50-70
cm? [24].

The inflammatory reaction, in response to plaque bacteria is
characterized by an initial increase in blood flow, enhanced vascu-
lar permeability and the influx of cells from the peripheral blood to
the gingival crevice. The polymorphonuclear leukocytes (PMN)
migrate through the epithelial lining to the gingival pocket to be the
first line of defense against invading bacteria. These cells are non-
specific phagocytes and constitute a nonspecific acute and rapid
defense. The host defense against periodontopathic bacteria com-
prises innate and acquired immunity. The innate immune system is
activated immediately and is responsible for the defense for few
days before acquired immunity with adequate cellular and humoral
response occurs. The microbial pathogens present pattern recogni-
tion receptors, known as pathogen-associated molecular patterns
(PAMPs), and are shared by pathogens but not expressed by the
host. The host expresses Toll-like receptors (TLR) that recognize
PAMPs. There are at least 10 toll-like receptors (TLR) that are the
major class of signaling receptors recognizing conserved bacterial
and viral structures. All TLR contain a common extracellular
leucine-rich domain and a conserved intracellular domain. Activa-
tion of TLR results in a signal that is transmitted through a chain of
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signaling molecules that activate the nuclear factor kappa B (NF-
kB) and activated protein-1 (AP-1) that leads to transcription of
genes involved in the synthesis and release of pro-inflammatory
cytokines. In periodontal tissue, gingival fibroblasts and periodontal
ligament fibroblasts constitutively express TLR-2 and TLR-4,and
produce various inflammatory cytokines such as IL-1, IL-6 and IL-
8 when stimulated by bacterial lipopolisaccharide (LPS) such as
those from Porphyromonas gingivalis (P.g), Tannerella forsythia
(T.f), Aggregatibacter actinomycetemcomitans (A.a) and Prevotella
intermedia (P.i) [25, 26].

In general, TLRs are expressed by monocytic cells as well as by
endothelial, epithelial and various other cells including gingival
fibroblasts. The specificity of TLRs includes recognition of pepti-
doglycan (PGN), lipoproteins, LPS, atypical LPS, fimbriae by
TLR-2, CpG motifs of bacterial DNA by TLR-9, as well as heat
shock proteins and LPS by TLR-4. During the onset of periodontal
disease (PD), the first cell type exposed to be stimulated by PAMPs
is the epithelial cell. These cells express TLR-2, TLR-8 and TLR-9
and when stimulated express intercellular adhesion molecule-1
(ICAM-1), lymphocyte function-associated antigen-1 (LEA-1).
Other host cells are also activated, such as endothelial, macro-
phages, neutrophils that produce matrix metalloproteinases (MMPSs)
and Langerhan cells, that acts as “centinels of innate system” look-
ing for antigens. They can present antigens in a major histocom-
patibility complex and cytokines and also co-stimulatory molecules
such as CD40 and CD54 that induce activation of T-lymphocytes,
resulting in Th-1 or Th-2 responses. As inflammation progresses
and gains access to connective tissue, macrophages are stimulated
and produce many cytokines, nitric oxide, MMP-1 etc. Also, endo-
thelial cells when stimulated can produce cytokines and adhesion
molecules [27].

There are two kinds of fibroblasts in periodontium. Gingival
fibroblasts and periodontal ligament (PDL) fibroblast have distinct
phenotypes. Gingival fibroblasts can produce many cytokines and
adhesion molecules in response to different PAMPs. PDL fibro-
blasts present alkaline phosphatase activity similar to osteoblasts.
These cells also can secret proteinases that produce degradation of
soft and mineralized tissues. There are also cementoblasts in PDL
that when stimulated by LPS exhibit a decreased level of the recep-
tor activator of NF-kB ligand (RANKL) and increased expression
of the soluble decoy receptor osteoprotegin (OPG). The osteoblasts
when stimulated by LPS can produce pro-inflammatory cytokines
and biological mediators involved in bone resorption [28].

In gingival tissue there are also non-resident cells such as neu-
trophils, monocytes, B and T lymphocytes. They all can produce
cytokines, chemokines, adhesion molecules etc. All these sub-
stances form a very complicated network that can shift the Th-1 to a
Th-2 response. Therefore, the response is not only dependent on the
composition of microbiota and the virulence of the microorganism
but also on the host response that is influenced by genetic and envi-
ronmental factors [29].

The recognition that periodontitis involves an inflammatory
component as well as altered bone metabolism has given a new
perspective on the etiology, that integrates the disciplines of immu-
nology and bone biology and has given rise to a new discipline
“osteoimmunology”. During inflammation, LPS specifically in-
creases osteoblastic expression of the RANKL that is also ex-
pressed by other cells, such as fibroblasts, T and B lymphocytes,
dendritic cells or monocytes. RANKL could bind to its receptor
RANK which is expressed on osteoclast precursor cells and also
could bind to OPG. It is considered that bone resorption and forma-
tion are regulated by the RANKL/RANK/OPG axis. In physiologi-
cal conditions there is a balance between bone resorption and bone
formation. A relative decrease in RANKL concentration and in-
crease in OPG will result in excessive formation of bone. On the
other hand, a relative increase in RANKL and decrease in OPG
which reflects the RANKL/OPG increased ratio and will result in
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bone resorption. In a recent revision of the RANKL/OPG system in
clinical periodontology the authors concluded that an increased
RANKL/OPG ratio may serve as a biomarker that denotes the oc-
currence of periodontitis, but may not necessarily predict on-going
disease activity [30].

STRESS AND PERIDONTITIS

The stress concept was first described by a Hungarian physician
named Hans Selye (1907-1982). As a medical student at Charles
University in Prague, he observed that patients suffering from dif-
ferent diseases often exhibited identical signs and symptoms. Later,
he described the general adaptation syndrome referred to as stress.
Life exists by maintaining a complex dynamic equilibrium, or ho-
meostasis, that is constantly being challenged by intrinsic and ex-
trinsic stressors. Therefore, stress can be defined as a state of
threatened homeostasis, which is re-established by complex physio-
logical and behavioral adaptive responses of the organism. If the
adaptive response is inadequate or excessive such that homeostasis
is not re-established, then pathological situations can develop [31-
33].

Gingival tissue surrounding teeth acts as a natural barrier pro-
tecting the interior of the body. Tissue damage during periodontal
disease is associated with localized inflammatory response. It is
well known that several chemical substances are released following
tissue damage and they are able to modulate excitability of nocicep-
tors, which can make them more sensitive to stimuli. For example,
tissue damage releases prostaglandins, serotonin and bradykinin
which activate and sensitize nociceptors, inducing a noxious signal
that, in the region of the head, travels afferently in trigeminal nerve
branches toward the trigeminal ganglion. Importantly, substance P
is a 11 amino acid neuropeptide residue discovered by UIf von
Euler in 1931. It is produced by brain and peripheral neurons lo-
cated in the trigeminal ganglion (TG) and it is released by the nerve
terminal in an antidromical way. Thus, activation of one branch of
the nociceptor fiber leads to the activation and release of substance
P by other branches in the area.lt is noteworthy that substance P is
observed in nerve fibers of dental pulp and periodontal tissues of
several species, including humans. These nerves are sensitive noci-
ceptive small diameter unmyelinated C-type fibers. The biological
effects of substance P are induced following binding to G protein-
coupled receptors, the principal one for this peptide being the neu-
rokinin-1receptor (NK-1r) a receptor known to be present in high
quantities in dental tissue. Once released substance P can bind to
NK-1r in mast cells in the vicinity of the sensory nerve endings;
hence, stimulating the release of histamine and therefore, further
exciting the nociceptors. Besides mast cells, other cell types in the
region such as lymphocytes and macrophages express NK-1r and
thus, can be stimulated by substance P to produce and secrete in-
flammatory mediators like prostaglandins and pro-inflammatory
cytokines such as interleukins 1 and6, as well as TNF-alpha. In
addition, substance P causes dilation of the blood vessels in the area
and the edema produced further induces bradykinin release. Taken
together, the resulting secretion of these substances continues to
stimulate peripheral substance P release and therefore it could be
one of the actors responsible for the maintenance of the local in-
flammatory response and chronicity of the disease [34, 35].

In addition to the above described peripheral responses to nox-
ious signals and the release of substance P derived from neurons
within the peripheral branch of TG, the central branch of the tri-
geminal nerve leaving the TG relays some of these inputs into the
brain stem, at the level of the pons. Figure 2 summarizes periph-
eral/periodontal signaling, as well as the pain pathway to the brain.
After entering the pons, the fibers synapse and ascend cranially in
the trigemino-thalamic nerve tract. This sensory information even-
tually reaches many brain regions, including the amygdala and
hypothalamus. With regard to the amygdala, sensory information
enters the basolateral nucleus where it is integrated, then relayed to
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Fig. (2). Peripheral/periodontal signaling and it projection to the brain. Tissue damage causes the secretion of chemical substances which activate peripheral
nociceptors (NR) and thus, generating signals that lead to the release of substance P (SP). The signals also project into the brain stem ascending by trigeminal
nerve (TN) through the trigeminal ganglion (TG) via pons (P) and from there to thalamus, then into brain centers contributing to the stress response.

Prostaglandins (PGs), serotonin (SER), bradykinin (BK), mast cell (M), neurokynin 1 receptor (NK1), histamine (H), blood vessel (BV). Modified from Bear

etal. [34].

the central nucleus. Importantly, the amygdala and hypothalamus
are connected by the stria terminalis (ST). Fibers of the ST arch
along the border of the caudate nucleus and the thalamus and termi-
nate in the bed nucleus of the ST. A portion of the postcommissural
portion of the ST terminates in the anterior hypothalamic area,
while some of the precommissural fibers of the ST end in the basal
hypothalamus. The amygdala, ST and the hypothalamus are all rich
in substance P and both the amygdala and hypothalamus play im-
portant roles in the regulation of the hypothalamic-pituitary-adrenal
(HPA) axis, which is associated with the central stress response.
Critical to activation of the central stress response is the stimulation
of hypothalamic corticotrophin releasing hormone (CRH). The
release of CRH subsequently induces the secretion of adrenocorti-
cotrophin hormone (ACTH) from the anterior pituitary, which in
turn causes the release of cortisol, a glucocorticoid produced by the
adrenal gland. Interestingly, activation of the central amygdaloid
nucleus leads to the stress response, and it is known that substance
P stimulates the HPA axis by stimulating the hypothalamic CRH
neurons. Thus, it is clear that in addition to the peripheral response
to the noxious stimuli as discussed above, there is also a central
response to activate the stress axis; hence, further complicating
periodontal recovery processes [36, 37].

As stated above, the activation of the central stress response
depends on the brain receiving and integrating a great diversity of
neurosecretory and blood-borne signals that arrive through distinct
pathways. Thus, in addition to the peripheral responses and subse-
quent noxious signals transferred to and ascending within the CNS
to areas responsible for initiating the basic stress response, there are
also others neural components that contribute to stress responses. In
this regard, vasopressin (\VVP), also produced in the hypothalamus, is
released together with CRH during stress and acts as a potent syn-

ergistic factor of CRH on ACTH release. Also, it is well known that
there are multiple interactions between the various components of
the stress response. There are connections between the hypotha-
lamic-CRH and brainstem-norepinephrine (NE) neurons, with CRH
and NE capable of stimulating each other. Also, they receive stimu-
latory innervations from serotonergic and cholinergic systems, and
inhibitory inputs from gamma-aminobutyric acid, benzodiazepine,
opioids and glucocorticoids. All of these interactions are complex
and non-linear, meaning that when any mediator is increased or
decreased there are compensatory changes in the other mediators
that depend on the time course and level of change of each of them
[38, 39].

CROSSTALK BETWEEN THE CNS AND THE IMMUNE
SYSTEM DURING INFLAMMATION

We just described the crosstalk between gingiva and brain with
emphasis in SP and stress. During inflammation, immune cells
synthesize and release cytokines which act on the target tissues and
also activate the HPA axis and other components of the stress sys-
tem. Reciprocally, corticosteroids and catecholamines, through their
receptors, act on specific immune cells. The presence of glucocorti-
coid receptors (GR) and adrenergic receptors have been found on
almost all immune cells. Cytokines can reach the brain through the
fenestrated endothelia after crossing the blood brain barrier o fcir-
cumventricular organs such as the organum vasculosum of the lam-
ina terminalis. Furthermore, it has been shown that hypothalamic
neurons and glial cells synthetize IL-1 and when activated by anti-
gens, the cytokine is released and acts locally. In the periphery,
cytokines can modify directly the function of sensory and sympa-
thetic nerves, as well as the expression of adrenergic and hormonal
receptors on immune cells [40].
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It has been shown that there is an activation of the stress re-
sponse by pro-inflammatory cytokines. The Th-1 cytokines, such as
IL-1, TNF-alpha and IL-6 tend to protect against periodontal break-
down, whereas the Th-2 cytokines, such as IL-4, IL-10 and IL-23
tend to increase periodontitis. During stress the healing process is
difficult due to changes in the host response. It has been demon-
strated by numerous authors that stress delays healing. This is sup-
ported by a recent article showing that stress impairs bacterial
clearance due to alterations in the phagocytic abilities of neutrophils
and macrophages [41].

The periodontal pathogens form a microbial community in a
biofilm where they can communicate between themselves [42] and
with the host by signaling molecules [43]. Furthermore, there also
exists a signaling between the host and some pathogens. Specifi-
cally, by host produced epinephrine (E) and norepinephrine (NE)
through the newly identified bacterial adrenergic receptors. There-
fore, catecholamines can increase the number of aerobic and facul-
tative anaerobic bacteria, but in some cases could also increase
virulence [44]. Another host molecule that has an effect on bacterial
virulence is the opioid hormone,dynorphin [45]. These findings
suggest that during stress the increased levels of epinephrine in
saliva can stimulate directly the increase in the number of some
bacteria in periodontitis [46].

It is well known that stimulation of the HPA axis increases the
release of glucocorticoids (GC). The ability of GC to interact with
immune cells is dynamically regulated and impairment in the HPA
axis can lead to hipercorticolism or to glucocorticoid resistance
with enhanced inflammatory state. Since the GC action is through
its receptors (GR), it has been shown that the increased expression
of the GR beta isoform (an inactive form), relative to GR alpha
isoform (a pro-inflammatory isoform), can lead to GC resistance
[47]. Furthermore, it has been shown that pro-inflammatory cytoki-
nes regulate GR gene expression and induce accumulation of the
dominant negative beta isoform [48]. Environmental factors such as
chronic inflammation and chronic stress, as well as epigenetic
changes in GR gene have also been described [49].

Neural circuitry can be activated by stress and emotions as in-
fluenced by inflammation. The activation of HPA axis and the
sympathomedular axis (SMA) in response to systemic stressors is a
result of specific brain pathways. In contrast, the activation in re-
sponse to emotional stressors involves a wide range of brain regions
such as amygdala, the lateral septum, hippocampus, medial prefron-
tal cortex, bed nucleus of the stria terminalis and some hypotha-
lamic nuclei. Emotional stressors release not only catecholamines
and HPA hormones but also prolactin, glucose and induce changes
in food intake as well as gastric ulceration [50]. The output is
through the HPA axis and the descending autonomic nervous sys-
tem. It has been shown that psychological stress or emotions alone
can activate the substance P system, triggering inflammation [51].

Inflammatory processes can activate the sensory afferent to
central nucleus of amygdala which has been shown to mediate be-
havioral symptoms of illness. Furthermore, substance P could me-
diate some of these behavioral symptoms. It is known that sickness
behavior consists of symptoms such as weakness, malaise, diffi-
culty concentrating, lethargy and a depressive mood which can be
mediated by the action of pro-inflammatory cytokines, particularly
IL-1 beta and TNF-alpha, IL-6 [52].

In several studies it has been documented that psychological
stress can directly affect periodontitis. An early study showed a
relationship of periodontitis with an inadequate coping with stress
[53]. Another study reported that patients with chronic periodontitis
differed statistically from control group without periodontitis as
revealed by a psycho diagnostic survey on stress coping strategies.
The results showed that periodontitis patients differ from controls
when active coping strategies were used compared to patients that
used distractive coping strategies. Also, differences were observed
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when they used defensive coping or aggression, and/or the use of
pharmaceutical drugs. Furthermore, patients with defensive coping
style presented a greater attachment loss. These individual behav-
iors in face of stressfull conditions are considered dependent on the
previous experiences and genetic constitution of each person [54].

The latest discoveries show that the neuropeptide oxytocin (OT)
plays a role in behavior and stress response. The peptide oxytocin is
mainly synthesized and released from magnocellular neurons from
paraventricular nucleus (PVN) and supraoptic nucleus (SON).The
major part is transported to the posterior pituitary where it reaches
the circulation and acts peripherally. The rest is transported by den-
drites to different parts of the brain where exerts its multiple behav-
ioral effects. The role of OT in maternal care and bonding has been
the focus of most studies. As a curiosity, it has been shown that dog
owners that have a high degree of bonding to their dog, have uri-
nary OT higher levels after interacting with his pet [55]. Another
effect is on “trust”. Trust is essential for appropriate social interac-
tions, being it a new friend or possible bussines partner. When the
plasma OT is in upper level, it enhances the individual propensity
to trust. Only happens when the other person does not exhibit
threatening signals, by body language or face expressions [56, 57].

Oxytocin is also released during stress and contrary to CRH and
VP acts to diminish the activation of HPA axis. This action is medi-
ated within the PVN, where exists synaptic contacts between oxy-
tocin receptors expressed on CRH neurons [58]. Oxytocin not only
acts as buffer on HPA axis it also exerts anxiolytic effects since
there is a high density of OT and OTR in amygdala. OT also pro-
motes immune defense [59, 60]. Several molecular genetic studies
have shown an association between oxytocin receptors (OTR) and
general socio behavioral phenotypes. Recently it was shown that a
genetic polymorphism of the gen for OTR was associated with the
volumetric decrease of amygdaloid nucleus and an increase in its
activity. This phenomenon could be related to a vulnerability to
stress and depression [61, 62]. Conversely, genetic studies have
shown a protective effect on disposition as well as physiological
stress. These studies suggest that genetic variation of the OTR
could explain partially the different coping mechanisms to stress
observed in periodontal patients [63].

ENDOCANNABINOIDS AND PERIODONTAL DISEASE

Although cannabis is known to have been used over millenia
for its mind altering effects as well as its medical properties, it was
only after the isolation and structure elucidation of tetrahydrocan-
nabinol (THC) it was revealed to be the active principle of mari-
juana by Raphael Mechoulam in 1964 [64] and shortly after synthe-
sized [65] thousands of papers have been published. After about 20
years it was reported the existence of cannabinoid binding sites in
the brain [66] and followed by the cloning of the CB; receptor [67].
Subsequently, a second receptor CB, was identified. They both
belong to the superfamily of Gi/o protein receptors and both cou-
pled to adenylyl cyclase (which they inhibit) and to mitogen-
activated protein kinases (MAPK). They also regulate ion channels,
such as Ca™ and K" ion channels. The endogenous cannabinoids
are naturally occurring substances that bind to cannabinoid recep-
tors and elicit similar actions to THC. They are members of the
eicosanoid superfamily that derive from arachidonic acid and are
produced “on demand” in many different organs and tissues. The
first endocannabinoid to be discovered was “anandamide” (AEA)
[68] followed by 2-arachidonylglycerol (2-AG). CB; receptor is the
major cannabinoid receptor in the brain in neuronal cells. It also
occurs in endocrine cells and others peripheral tissues. In the brain,
this receptor presents high density in basal ganglia, substancia ni-
gra, globus pallidus, hippocampus and cerebellum. The endocan-
nabinoids have important role in motivation and cognition, as well
as in GABAergic and glutamatergic neurotransmission, acting as
inhibitors of neurotransmission release. One of the functions of
endocannabinoids is to modulate hypothalamic-pituitary-adrenal
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axis and to reestablish homeostasis when is altered by stress. Also,
endocannabinoids play an important role as anxiolytic [69, 70].

There are many reports on the effects of endocannabinoids in
many inflammatory diseases [71]. It was reported the presence of
AEA in human gingival tissue and that AEA regulates the perio-
dontal inflammation through inhibition of the NF-kB pathway [72].
Recently, we have reported that local injection of AEA into gingiva
of rats showing experimental periodontitis and submitted to immo-
bilization stress produced a lowering in TNF-alpha and IL-1 beta
content in the gingiva. Those inhibitory effects on these pro-
inflammatory cytokines were mediated by cannabinoid receptors
CB; and CB,, since the injection of antagonists to both receptors
prevented this decrease. Therefore, we concluded that endocan-
nabinoid AEA diminishes the inflammatory response in periodonti-
tis, even during a stressful situation [73]. Other investigators, ob-
served that after a month of treatment with cannabidiol (a non-
psychomimetic constituent of cannabis) rats with experimental
periodontitis showed decreased TNF-alpha and IL-1 beta as well as
a decrease in bone resorption due to inhibition of RANK/RANKL
expression [74]. Another report showed that human periodontal
ligament (hPDL) cells express CB, receptors. The authors used an
agonist to CB, receptors (HU-308) and found that it enhanced the
mRNA levels of the osteogenic genes in hPDL cells such as Runx2,
OC, and APL. Furthermore, the OPG mRNA was increased and
RANKL mRNA decreased. The authors concluded that endocan-
nabinoids play an important role in alveolar bone metabolism [75].
This opens new possibilities for investigations of new pharmacol-
ogical approaches to treat periodontal disease.

DIABETES AND PERIODONTAL DISEASE

Besides stress, another risk factor recognized for periodontitis is
diabetes [76]. Recent papers show that there is a “two-way” rela-
tionship between diabetes and periodontal disease [77, 78]. It has
been demonstrated that severe periodontal disease has a negative
effect on glycemic control in diabetics [79] and development of
nephropathies as other complications in patients with type 2 diabe-
tes [80]. The inflammation is considered to be a part of pathogene-
sis of diabetes and chronic periodontitis. This inflammatory state in
diabetes type 1 and type 2, with elevated serum markers of inflam-
mation such as TNF-alpha, IL-6 and C-reactive protein, can con-
tribute to insulin resistance, microvascular and macrovascular com-
plications and hyperglicemia that increase even more inflammation
and oxidative stress [81]. It has been reported that diabetes in-
creases gingival crevicular fluid levels of PGE2 and IL-1 beta in
periodontitis [82]. On the other hand, periodontal treatment reduces
not only serum glucose levels but also lipids and even blood pres-
sure in diabetic patients [79].

Since the bacterial biofilm does not differ between patients with
periodontal disease with or without diabetes, therefore is the host
response that must be different and responsible of this hyperin-
flammation in patients with chronic periodontitis and diabetes.They
present monocyte phenotypes with enhanced levels of pro-
inflammatory cytokines. The role of the receptor for the advanced
glycation end products (RAGE), a multiligand signaling receptor
and member of immunoglobulin superfamily of cell-surface mole-
cules, is increased in diabetic patients and its activation through
interaction with its ligands (AGEs) plays a role in complications
such as cardiovascular and kidney diseases in diabetic patients. The
expression of RAGE and AGEs and of markers of oxidative stress
were found in gingiva of patients with diabetes and periodontal
disease. Also, AGEs could be measured in serum of these patients.
The accumulation of AGEs and their interaction with RAGE is
accompanied by tissue destructive matrix metaloproteinases in gin-
gival tissue of these patients. Also, they inhibit the expression of
collagens type | and Il in human gingiva. Furthermore they con-
tribute to osteoclastogenesis via increased expression of RANKL
and decrease in OPG [77].
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It is not only diabetes type 2 that increases the risk of periodon-
tal disease but also type 1, therefore all patients with diabetes, in-
cluding children and young adults, should be considered at in-
creased risk of periodontal disease. We strongly recommend to
physicians that treat patients of all ages with diabetes to be aware of
the possible presence of periodontal disease and to dentists that
treat patients with periodontitis to check if the patients have diabe-
tes.

CARDIOVASCULAR DISEASE AND PERIODONTAL DIS-
EASE

Local infections can initiate chronic inflammatory processes
that may cause systemic or organic specific diseases elsewhere in
the body. After the appearance of two pioneering studies on asso-
ciation of dental infection and myocardial infarction [83] and cere-
bral infarction [84] many studies confirmed the hypothesis that
there is a causal connection between periodontal disease and car-
diovascular disease (CVD), for details see [85]. The CVD compro-
mise a group of conditions such as coronary heart disease, conges-
tive heart failure, myocardial infarction, stroke and hypertension
whose etiological shared factor is atherosclerosis. Atherosclerosis is
considered an inflammatory and metabolic condition with lipid
accumulation [86]. The entry of bacteria and its products into circu-
lation is considered to be the initiation of this process. Since tran-
sient bacteremia occurs in patients with periodontal disease as well
as tonsillitis, pharyngeal infections and some processes of the gut.
These bacterias, are also frequently found in the atherosclerotic
specimens [87-89]. Furthermore, the DNA of P.g and of A.a has
been isolated. Only one study found a living P. g in atherosclerotic
sample [90].It is considered that the amount of bacterial DNA cor-
relates with the number of local leucocytes, inferring the influence
of bacterial load on atherosclerotic inflammation. There is also a
correlation between increased atherosclerotic biomarker levels and
oral and gut microbiota abundance [88].

The two bacteria that are found in periodontal disease and also
in the blood and its DNA in atherosclerotic plaques are P.g and A.a.
The P.g major virulence factors are gingipains (tripsin-like cysteine
proteinases) and of A.a is a potent leukotoxin. The P.g binds
through its fimbriae to the endothelial cells, whose respond by se-
creting pro-atherogenic mediators. In a very important study by
Belstrom et al. [90] the authors showed that P.g adheres to red
blood cells and therefore it’s binding to neutrophils and monocytes
is reduced and this way the bacteria evades the phagocytic cells and
furthermore uses the red blood cells as transport. The same was
found also for A.a. Another factor that plays an important role in
atherosclerosis is lipid metabolism. It is also a very important risk
factor for the development of CVD. It has been shown that perio-
dontal disease presents an increase in plasma cholesterol, LDL and
triglycerides. It was suggested that this could be due to pro-
inflammatory cytokines. There are some markers associated with
vascular events that include cholesterol, LDL, HDL, lipoprotein,
homocysteine, IL-6 and the most used C-reactive protein [91].

STROKE AND PERIODONTAL DISEASE

Cerebrovascular disease is among the most prevalent causes of
death and disablement in industrialized countries. Recent findings
suggest that atherogenesis and plaque rupture are two factors of
cerebrovascular pathogenesis that result from systemic and vascular
inflammatory processes which are due to chronic infections such as
periodontal disease. Using a meta-analysis of the English literature
an association of periodontal disease with increased risk of stroke
was found [92]. Also, a positive correlation between probing depth
and the increased levels of P.g DNA in the subgingival plaque of
patients with periodontal disease and stroke was reported [93].
These findings show that periodontal disease is a risk factor for the
development of cerebral hemorrhage or infarction. Therefore, an
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early treatment of chronic periodontitis may counteract the devel-
opment of cerebrovascular episodes.

METABOLIC SYNDROME AND PERIODONTAL DISEASE

Metabolic Syndrome is a clinical entity that encompasses sev-
eral risk factors for CVD. It consists of impaired glucose regulation,
abdominal obesity, dyslipidemia and high blood pressure [94]. It is
estimated that around a quarter of world”s adult population presents
metabolic syndrome [95]. The etiology is a “pro-inflammatory”
state due to excessive caloric intake and other chronic inflammatory
conditions. This pro-inflammatory state leads to an increase in oxi-
dative stress. Oxidative stress is a persistent imbalance between the
production of reactive oxygen species (ROS), reactive nitrogen
species (RNS) and anti-oxidant defenses. There is increasing evi-
dence linking periodontal disease to systemic disease, such as dia-
betes, rheumatoid arthritis and CVD. A potential factor which could
increase insulin resistance is the production of ROS. Furthermore it
was also found an increase in oxidative stress with increase in ROS
in gingiva of patients with periodontal disease [96]. Therefore, it is
possible that oxidative stress could be the link between metabolic
syndrome, periodontal disease, diabetes and cardiovascular dis-
eases.

CONCLUSIONS

It is evident that the interactions between the nervous, endo-
crine and immune system influence each other. In addition, the
psychosocial factors can induce an alteration of the equilibrium
between these systems and negatively influence the evolution or
complicate these already very complex diseases. Furthermore, the
entry of oral gram negative bacteria and inflammatory products into
general circulation of chronic periodontitis is well documented. On
the other hand, the meta-analysis studies all over the world show
statistically significant relations between periodontal disease and
cardiovascular diseases, and with diabetes and metabolic syndrome.

All these facts must be taken as a warning to all of us about the
higher risk to have a stroke or myocardial infarction if we have
chronic periodontitis.
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