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Abstract
Periodontitis is a common, chronic inflammatory disease
initiated by bacteria which has an increased prevalence
and severity in patients with type 2 diabetes. Recent
studies indicate that the co-morbid presence of
periodontitis can, in turn, adversely affect diabetic status
and the treatment of periodontitis can lead to improved
metabolic control in diabetes patients. Current evidence
points to a bidirectional interrelationship between diabetes
and inflammatory periodontitis. The importance of
oxidative stress-inflammatory pathways in the
pathogenesis of type 2 diabetes and periodontitis has
recently received attention. Given the bidirectional
relationship between these two conditions, this review
discusses the potential synergistic interactions along the
oxidative stress-inflammation axis common to both type
2 diabetes and periodontitis, and the implications of this
relationship for diabetic patients.
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Introduction
Periodontitis is a common, chronic inflammatory disease,
initiated by plaque bacteria which affects the tissues that
support the teeth. Type 2 diabetic patients have an increased
prevalence1,2,3,4,5,6,7,8 and severity7,9,10 of periodontitis.
Recent studies indicate that the co-morbid presence of
periodontitis can, in turn, adversely affect diabetic status.10,11
Treatment of periodontitis is reported to improve metabolic
control in diabetes, as measured by HbA1c levels.12,13,14,15
Evidence points to a bidirectional interrelationship between
diabetes and inflammatory periodontitis.16 This review examines
the evidence that oxidative stress is a key pathological link
between periodontitis and type 2 diabetes and that disease
outcomes are exacerbated when both diseases co-exist.

Oxidative stress
Free radicals are “species capable of independent existence
that contain one or more unpaired electrons”.17

The unpaired electrons of free radicals confer an inherent
instability and high reactivity potential with other biomolecules.
Reactive Oxygen Species (ROS) is a term collectively describing
oxygen radicals and other non-radical but reactive oxygen
derivatives, many of which are found in living organisms
(Table I).18

Table I: Reactive Oxygen Species (ROS) in Living Organisms
(adapted from reference 18).

ROS are continuously generated in the body during
mitochondrial oxidative metabolism due to electron leakage
from their carriers within the mitochondrial electron transport
chains. In addition, ROS are generated by the NADPH-oxidase
enzyme complex on the inner lipid membrane of inflammatory
cells and other cell types. In health, it is now known that ROS,
in addition to their bactericidal function, play an important role
in normal homeostasis by controlling gene expression, cellular
signal transduction and maintaining vascular health.19
The delicate redox balance within cells and tissues essential for
physiological and biochemical homeostasis is maintained by
antioxidant mechanisms including a series of enzymes that can
degrade ROS and dietary-derived, small molecule antioxidants
including vitamins A, C and E.20 When antioxidant defence
systems are compromised or ROS-production is excessive, a
state of “oxidative stress” arises and this state is an important
contributing factor to tissue damage in many chronic human
diseases (atherosclerosis, cancer, neurodegenerative disorders,
and ageing),20 including periodontitis and diabetes.17,21,22,23
Cell and tissue damage can result directly through reactivity of
ROS with biomolecules leading to alterations in the structure
and function of DNA, lipids and proteins. In addition, more
subtle increases in ROS concentration within cells allows the
activation of REDOX sensitive transcription factors such as
activating protein-1 (AP-1) and nuclear factor kappa B (NFκB).24
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The NFκB family of redox-sensitive transcription factors play a
critical role in inflammatory, apoptotic and immune responses25
whereas AP-1 regulates the activity of a wide variety of proinflammatory genes including IL-2, IL-8, TNFa, matrix
metalloproteinases and adhesion molecules.
The investigation and establishment of the role played by
oxidative stress in disease pathogenesis requires the
determination of oxidative status. Direct measurement of free
radicals is problematic due to their short half-lives and high
reactivity, therefore oxidation products of biomolecules are
employed as indirect markers of oxidative stress (Table II).26

Table II: Some Commonly Used Markers of Oxidative Damage.

Oxidative Stress in Periodontitis
Neutrophils are the most prominent cells of the gingival
inflammatory infiltrate in patients with periodontitis.34 Binding of
bacteria directly or indirectly by the surface receptors (Toll-like
receptors [TLR] and Fcg-receptors [Fcg-R]) of neutrophils
triggers phagocytosis and superoxide radical formation which
may subsequently be converted to hydrogen peroxide and the
highly reactive hydroxyl radical. The generation of oxygen free
radicals activates bactericidal enzymes within the phagosome35
and within this protective environment, bacteria are destroyed.
However, extracellular release of ROS by neutrophils is
recognised as an important factor contributing to the tissue
damage in periodontitis.36,37 Peripheral blood neutrophils from
periodontitis patients exhibit spontaneous ROS release in
addition to hyper-reactivity (post-TLR or Fcg-R stimulation)
compared with healthy controls.38,39,40 While the stimulated
hyper-reactivity may be partially reduced by periodontal therapy,
the spontaneous production of extracellular ROS is not.38
Recently, neutrophils from periodontitis patients have also been
shown to exhibit a distinct molecular phenotype,41 which
together with the data from the functional studies, suggests that
periodontitis is associated with peripheral activation of
neutrophils.
Further evidence for a pathogenic role and peripheral impact of
ROS comes from studies which show that periodontitis is
negatively associated with serum antioxidant concentrations.42
Both cross-sectional case control and longitudinal experimental
studies have also shown a reduction in TAOC both within the
local periodontal tissues and in plasma compared to
controls,43,44 together with increased levels of an antioxidant
enzyme (SOD) within the gingivae (45). Improvement in both
local and peripheral TAOC status following successful treatment
for periodontitis43,44 support the epidemiological data42 and
reinforces the case for systemic effects of ROS in periodontitis.

Determination of antioxidant status is more amenable to study
and assays have been developed which measure the total
antioxidant capacity (TAOC) of biological fluids and tissues by
(a) measuring the susceptibility of biological fluids to oxidation
by the addition of pro-oxidants and monitoring by an
exogenous, oxidisable substrate27 or (b) assessing the ability of
a biological sample to quench a pre-formed radical over a
measured inhibition time.28

Periodontitis
Periodontitis encompasses chronic inflammation of the
supporting tissues (gingival, periodontal ligament, cementum
and bone) of the teeth, initiated by inadequate oral hygiene with
accumulation and maturation of a sub-gingival plaque biofilm
containing gram-negative, anaerobic bacteria.29 The prevalence
of severe periodontitis is 5-20% of populations that have been
examined worldwide30 and therapy involves physical disruption
of the plaque biofilm with oral hygiene education to prevent
plaque re-accumulation.
However, an exaggerated
inflammatory and immune response to the presence of specific
pathogenic bacteria (eg. Porphorymonas gingivalis) is the key
determinant of individual susceptibility to periodontitis.31 This
“hyper-inflammatory” state results in elevated levels of local
neutrophil-derived, degradative enzymes, circulating cytokines
and C-reactive protein (CRP).32 Enzyme and cytokine-mediated
destruction of the bone and collagen-rich connective tissue
support of the teeth results and ultimately leads to tooth loss in
severe cases.33
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Locally within the periodontal tissues, the excessive release of
ROS and alteration in redox balance can result in local tissue
damage directly (eg. oxidation of extracellular and cellular
macromolecules) and indirectly via activation of redox-sensitive
nuclear transcription such as NFkB and AP-1 leading to an
amplification of inflammatory and immune processes. There is
now accumulating data for the presence of periodontitisassociated oxidative damage within periodontal tissues in both
human46,47 and animal studies.48 However, the evidence for
systemic alterations in redox status in periodontitis suggests
that these patients either have a lower threshold antioxidant
defence capacity and/or are predisposed towards exaggerated
ROS-release at peripheral sites.43 Investigation of peripheral
oxidative damage in periodontitis is in its infancy but recent
reports have suggested increased levels of protein carbonyls
in peripheral blood and saliva, and oxidative damage within
tissues such as liver.49,50,51

Diabetes Mellitus
Diabetes mellitus encompasses a group of metabolic disorders
characterised by hyperglycaemia secondary to defects in insulin
secretion, insulin action or both (Table III).52 Type 2 diabetes
has reached epidemic proportions with 1.8 million affected
people in the UK (3% of the population) and up to a further
million with undiagnosed disease (Diabetes in the UK 2004, A
report from Diabetes UK, October 2004). Furthermore, patients
with type 2 diabetes are at increased risk for macrovascular and
microvascular damage including cardiovascular disease,
retinopathy and nephropathy.
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Table III: Classification of Diabetes Mellitus by Aetiology –
(American Diabetic Association, 2004).

The aetiology of type 2 diabetes appears to be multifactorial. A
genetic component contributes to individual susceptibility for
the development of type 2 diabetes.53 Metabolic syndrome, the
characteristics of which are impaired glucose tolerance, obesity,
hypertension and dyslipidaemia, is associated with an
increased risk for the development of diabetes by a factor of
2.99 and may be considered a ‘pre-diabetic’ state.54 Type 2
diabetes and the ‘pre-diabetic’ metabolic syndrome are
associated with obesity, physical inactivity and a high glucose,
high fat, low fibre diet .
Insulin resistance is the initial abnormality in glycaemic control
found in type 2 diabetes. It may be present for a number of
years before the onset of diabetes and is a feature of metabolic
syndrome.55 However, over time chronic hyperglycaemia and
‘glucose toxicity’ results in hypofunction of the pancreatic Bcells and an exacerbation of glucose intolerance. Insulin
resistance is associated with stimulation of innate immunity and
an upregulated inflammatory state56 leading to increased levels
of the cytokine TNF-α which induces serine-phosphorylation of
the insulin receptor and contributes to defective insulin
signalling.57

Diabetes and Oxidative Stress
Current evidence suggests that oxidative stress may be the
underlying pathological condition associated with the
development of pre-diabetic and diabetic conditions, and may
also be responsible for the complications of diabetes.58 It is
considered that the stimulated inflammation observed in the
pre-diabetic and diabetic state is a direct manifestation and
consequence of chronic pre-existing oxidative stress.59 Indirect
markers of oxidative stress including markers of lipid
peroxidation60 and DNA damage61 are significantly higher in
diabetic patients than healthy controls. Diabetic patients have
lowered antioxidant defences,62 total antioxidant status of
plasma63 and total antioxidant levels are inversely related to the
development of diabetic complications.64
Dietary factors, especially glucose and fat intake induce
oxidative stress, triggering redox-sensitive cell signalling and
upregulation of inflammation.65 The consequences of repeated
intake of high glucose, high fat macronutrients exceeding the
energy requirements of the body is associated with ROS
production at the mitochondrial level, with hyperglycaemic
states leading to excess ROS generation (Figure 1).66,67
Interestingly, high glucose levels are also associated with
enhanced NADPH oxidase activity and ROS production in
neutrophils68 and endothelial cells.69 High glucose levels also
contribute to the production of advanced glycation endproducts (AGEs), created by the non-enzymatic glycation and
oxidation of proteins, which, upon binding to their surface
receptor RAGE, results in further ROS production by various cell
types.70

The excessive levels of ROS produced in diabetes are the
proximal step in the activation of stress-sensitive signalling
pathways (eg. NFκB) and with other cell-signalling pathways
(hexosamine and PKC) which are also associated with upregulation of pro-inflammatory cytokines,66 diabetic
complications (eg. vascular disease, retinopathy and diabetic
nephropathy)71,72,73 and insulin resistance.74 More directly,
excess mitochondrial superoxide production in pancreatic Bcells results in decreased insulin secretion.75
Thus, evidence suggests that insulin resistance may develop
as a result of oxidative stress and redox-stimulated upregulation
of inflammation generated by the repeated consumption of high
glucose, high fat foods, exacerbated by a lack of physical
activity and associated obesity. Chronic hyperglycaemia and
dyslipidaemia result in saturation of cellular anti-oxidant capacity
with ongoing stimulation of redox-sensitive cell signalling
pathways and down-stream activation of biochemical pathways
associated with the development of diabetes and diabetic
complications.

Inter-Relationship between Periodontitis and Type 2
Diabetes
Periodontitis has been identified as the sixth complication of
diabetes76 and its prevalence in type 2 diabetic patients is more
than twice that of non-diabetic patients.1,2,3,4,5,6,7,8 Diabetic
patients display an increased severity of disease7,9,10 with
severity being related to diabetic control7 but unrelated to
diabetic duration.9 However, periodontitis appears to have a
reciprocating negative impact on diabetic status10,11 and
significant relationships between periodontitis and both
impaired glucose tolerance77 and diabetic retinopathy have
been reported.78 Furthermore, periodontitis patients have been
reported to have higher resting plasma glucose levels than
control patients79 and experimental periodontitis increases
blood glucose levels in diabetic rats.80
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That periodontitis is a strong independent predictor of mortality
from ischaemic heart disease and the development of diabetic
nephropathy has been suggested by a prospective, longitudinal
study of 628 diabetic subjects (type 2) of the Pima Indian
race.81,82 Support for this has come from several studies that
have shown that improved periodontal health, achieved through
periodontal therapy, improves the metabolic control of type 2
diabetes as measured by HbA1c levels.11,12,13,14,15

The Oxidative Stress/Inflammation Axis Uniting
Periodontal Disease and Diabetes
Thus, current evidence points to a bidirectional interrelationship
between diabetes and periodontitis. The precise nature of this
interrelationship is unclear. An upregulated inflammatory state
has been proposed as the common mechanism underlying
both conditions83,84 with an increase in cytokines, including TNFα, postulated as a possible link.85 We suggest that oxidative
stress is a common factor in periodontal disease, type 2
diabetes and perhaps the ‘pre-diabetic’ condition and that the
imbalance in redox control resulting independently from these
disease states acts synergistically, and amplifies in a bidirectional manner the biochemical and clinical course of these
diseases.
Excess ROS generated by peripherally primed neutrophils in
the periodontitis state38,39 and reduced peripheral antioxidant
levels42,43 may further tax an already compromised local and
peripheral antioxidant defence in the prediabetic/diabetic state.
When both conditions co-exist the balance is tipped towards
stimulation of redox-sensitive pathways with downstream
upregulation of inflammation and associated insulin resistance,
compromising blood glucose control and contributing to the
development of diabetic complications. On the other hand, the
diabetic conditions of chronic hyperglycaemia and increased
AGE formation, may impair antioxidant capacity62,63,64 and
enhance NADPH oxidase activity and ROS production by
neutrophils68,86 contributing to both direct and indirect oxidative
damage to periodontal tissues in response to periodontal
pathogens within the dental plaque biofilm.
AGE accumulation in the gingival tissues of diabetic animals
associated with a state of enhanced oxidative stress within the
tissues87 and expression of the RAGE by gingival vascular
endothelium and epithelium has been demonstrated at
diseased sites from periodontitis patients with and without type
2 diabetes.88 In vitro AGE formation on type I collagen
significantly increased neutrophil adhesion and chemotaxis as
well as having a priming effect on subsequent stimulation.89
These results suggest that oxidation-dependent changes in
vascular endothelium and collagen within the periodontal
connective tissues could increase the numbers of PMNs
entering, and retard their migration through the tissues,
increasing their potential to produce tissue-damaging levels of
ROS.
Interestingly, the formation of AGEs links diabetes to smoking,
the most important risk factor for the development of
periodontitis.90 Nornicotine, a metabolite found in high
concentrations in the plasma of smokers, not only causes the
development of advanced glycation end products91,92 but also
induces an increase in the expression of RAGE by human
gingival fibroblasts in vitro93 thus providing a mechanistic link
between diabetes, smoking and periodontal disease based
upon oxidative stress.
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Summary
The pathological conditions of periodontitis and
prediabetes/diabetes are associated with the generation of
oxidative stress. This oxidative stress causes direct damage at
the biomolecular level and triggers destructive pro-inflammatory
responses including the oxidative stress/inflammation axis. The
co-existence of periodontitis and pre-diabetes/diabetes leads
to a synergistic lowering of antioxidant capacity, augmenting in
a bi-directional manner the pathological process underpinning
both conditions.

Implications for Diabetic Patients with Periodontitis
and Future Therapeutic Strategies.
The oxidative status of diabetic patients both systemically and
locally within the periodontal tissues needs to be considered as
part of treatment regimes. Efforts to develop therapeutic
strategies aimed at limiting ROS production or increasing the
rate of removal by antioxidant mechanisms in diabetic patients
have been advocated.67,94
Alpha-lipoic acid (ALA) has powerful antioxidant ability and ALA
supplementation improves the antioxidant status of diabetics
independent of glycaemic control.95 ALA supplementation has
been used successfully in Germany for decades to treat
diabetic neuropathy.96
The potential applications of local antioxidant therapy in the
periodontal tissues have been illustrated by animal studies
which demonstrate that application of the ALA homologue, Nacetyl cysteine, decreases the intensity of the neutrophil
oxidative burst by a direct scavenging action.97 Aminoguanidine,
a nitric oxide synthase inhibitor, decreased the levels of
inflammation within the periodontal tissues of animals with
artificially-induced periodontitis.98 Further work is required to
develop treatment strategies aimed at improving the antioxidant
capacity in the periodontitis state, especially in high-risk patients
with diabetes.
Patients with diabetes need to be informed of their increased
risk for periodontitis. Periodontal therapy should be a key
consideration in the management of diabetic patients with comorbid periodontitis, due to the potential negative impact of
periodontitis on local and systemic oxidative status and
glycaemic control. The importance of maintaining optimal
glycaemic control in an effort to minimise metabolically
generated ROS with their consequent deleterious effects on the
periodontal tissues should also be emphasised to these
patients.
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Book Review
Core Anatomy Illustrated
Ian Parkin, Brian M Logan and Mark J McCarthy
Hodder Arnold, London, 2007

Anatomy as an undergraduate academic discipline has
undergone significant changes in the modern medical
curriculum. There has been a progressive reduction in the time
spent learning topographical anatomy through the form of
didactic teaching and using the art of cadaveric dissection. This
has been replaced by the use of prosection specimens and
computer aided learning packages as teaching tools to
emphasise core anatomical structures. Traditional textbooks of
anatomy often reflected the need for anatomical detail at the
expense of clinical relevance. This level of detail is often far
greater than what is expected of modern medical
undergraduates. As a consequence of these changes the
authors of Core Anatomy Illustrated have written an anatomical
text that is relevant to current undergraduates
The aims of the authors of Core Anatomy Illustrated is to present
the basic knowledge of anatomy which is required for safe
clinical practise. The authors hope to achieve this by taking the
relevant basic anatomical knowledge, which they feel is “core”
knowledge and using anatomical illustrations to highlight this.
The layout of the book allows a quick facilitation of core
anatomical knowledge. For each double page spread the
anatomical illustration is on the right hand side, with an
explanatory key note below. Core structures are shown with a
coloured number and non core anatomical structures are shown
in black. The anatomical diagrams used throughout the book
are chiefly high quality prosections. On the left hand side of
each double page spread is the text to explain the core
knowledge expected for each of the core anatomical structures
highlighted in the illustrations. Clinical information is highlighted
in the text by a sans serif font.

The book is designed to be brief and concise. Its aim is to offer
“core” anatomy at an easily digestible level, without
overburdening the reader with extraneous knowledge. The
definition of “core” anatomy is subjective but the authors are all
leading teachers in anatomy at undergraduate and
postgraduate level and they have only included in the text what
they feel is needed for safe clinical practise. The target
audience for this book is at an undergraduate level and it
delivers much of the anatomical detail that is expected of a
medical student. For the student requiring greater detail he will
have to turn to other traditional textbooks to supplement the
core knowledge gained from Core Anatomy Illustrated
One should view this book as a synopsis of core anatomy with
excellent diagrams highlighting core anatomical structures. For
the inquisitive undergraduate it will allow an excellent overview
of topographical anatomy upon which to add more detailed
information by reference to more exhaustive texts. For a
postgraduate surgical trainee this book is an excellent revision
tool, as the illustrations allow spot tests to be done at home.
And by reference to the text, the surgical trainee will learn the
salient points that they may be asked about in anatomical vivas.
Overall Core Anatomy Illustrated is a useful compliment to the
legion of anatomical textbooks that are available to be
purchased.
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