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I  

ABSTRACT 

Background: Nuclear factor erythroid 2 - related factor 2 (NRF2) is the core transcriptional regulator 

of endogenous antioxidant system and plays a cellular defense role in antioxidant, anti-inflammatory 

and immune response. It might have a central role in maintaining the oxidative balance. 

Aim: To Identify NRF2 in GCF sample and to estimate and compare NRF2 levels in healthy subjects, 

chronic periodontitis and chronic periodontitis with diabetes mellitus patients. Secondary objective 

of the study was to establish a co-relation between NFR2 levels and MDA levels in GCF. 

Method: A total of 90 participants of both the sex, within the age range of 18-60 years were recruited 

in this study. The participants were categorized into three groups. Group I included 30 systemically 

and periodontally healthy subjects. Group II included 30 patients with chronic periodontitis (with 

pocket depths ≥ 5mm and clinical attachment loss ≥3mm) and group III included 30 participants with 

diabetes mellitus and chronic periodontitis. A standard volume of 6µl of pooled GCF was collected 

in calibrated, volumetric micro capillary pipette. 3 µl of GCF was used for NRF2 and MDA 

assessment from each participant. Later the GCF obtained was transferred to Eppendorf Safe-Lock 

Tubes and the samples were kept under cold storage of -80C until samples were transported to the 

laboratory for assessment. Assessment of NRF2 and MDA levels were done by their respective 

ELISA kits. 

Results: MDA levels had shown to be significantly higher in chronic periodontitis with diabetes 

group, (with a mean of 25.82 pg/ml) when compared to chronic periodontitis group, (with a mean of 

16.02 pg/mg) healthy group (with a mean of 7.19 pg/ml). NRF 2 concentration in GCF was found to 

be significantly higher in chronic periodontitis group (with a mean of 16.72 pg/ml) when compared 

to and chronic periodontitis with diabetic group (with mean of 12.87 pg/ml) and healthy group (with 

a mean of 2.79 pg/ml). There was a negative correlation between NRF2 and MDA levels between 

three groups but was not statistically significant. 

Conclusion: NRF2 is present in GCF and its levels were found to be highest in chronic periodontitis 

group when compared with chronic periodontitis with diabetes and healthy group in GCF. There was 

a negative correlation between NRF2 levels and MDA.  
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ABBREVIATIONS 

 

AGE- Advanced glycated end product 

AHR- Aryl hydrocarbon receptor ALE- lipoxidation end-products 

ARE- Antioxidant response element  

Bach 1- BTB and CNC homology1 

b ZIP- Basic leucine zipper 

CAT- Catalase 

CNC- Cap’n’Collar 

CREB- cAMP Response Element Binding Protein 

CBP - CREB- binding protein 

DNPH- 2,4-dinitrophenylhydrazine 

GCF- Gingival crevicular fluid 

GSP- Glutathione S-transferase 

GPX- Glutathione peroxidase 

GCL- Glutamate-cysteine ligase 

GCLC- Glutamate-cysteine ligase catalytic 

HO-1- Hemeoxygenase-1 

I κB- IkappaB kinase 

Keap-1- Kelch-like ECH-associated protein 1 

Maf- Musculoaponeurotic fibrosarcoma 

sMaf- Small musculoaponeurotic fibrosarcoma 

MEF- Mouse embryonic fibroblasts  

MDA- Malondialdehyde 

MRP- Multidrug resistance-associated proteins 

https://en.wikipedia.org/wiki/Glutamate-cysteine_ligase
https://en.wikipedia.org/wiki/ABCC2
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NF-κB - Nuclear factor kappa -B 

NRF2- Nuclear factor erythroid 2-related factor 2 

NQO1- NAD(P)H quinine oxidoreductase 1 

NFE2L2- Nuclear factor erythroid-derived 2-like 2 

8-OHDG- 8-hydroxy-deoxyguanosine 

PAMPS- Pathogen-associated molecular patterns 

PUFA- Poly unsaturated free fatty acid 

RAGE– Receptor advanced glycated end product 

ROS- Reactive oxygen species 

RNS- Reactive nitrogen species 

SOD- Superoxide dismutase 

SRXN1- Sulfiredoxin 1 

TRX- Thioredoxin 

TXNDR1- Thioredoxin reductase 1 

TrCP- β-transducin repeat-containing protein 

UGT- UDP-glucuronosyltransferase 
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INTRODUCTION 

The transcription factor nuclear factor erythroid 2-related factor 2 (NRF2) which was discovered in 1994, belongs 

to the Cap’n’Collar (CNC) subfamily of basic leucine zipper (bZIP) transcription factors. It is a key transcription 

factor that regulates a large group of antioxidant and detoxifying enzymes. Reactive oxygen species (ROS) are 

continuously generated physiologically in the body during mitochondrial oxidative metabolism due to electron 

leakage from their carriers within the mitochondrial electron transport chains.  In the endoplasmic reticulum, 

NADPH-cytochrome and P450 reductase can leak electrons onto oxygen molecule, generating superoxide.  ROS 

and reactive nitrogen species (RNS) are also produced by various cells such as endothelial cells of blood vessels 

during production of nitric oxide. In addition, ROS are generated by the NADPH-oxidase enzyme complex on the 

inner lipid membrane of inflammatory cells and other cell types.1 

Imbalance between the production of free radicals and the ability of the body to counteract or detoxify their 

harmful effects through neutralization by antioxidants leads to oxidative stress.2 

Periodontitis is characterised by microbially associated, host mediated inflammation that results in loss of 

periodontal attachment.3 Even though periodontal inflammation is supposed to be triggered by bacteria, most of 

the damage is a consequence of a disproportionate and imbalanced host response to the biofilm presence in 

connection with the inability of the host to resolve the inflammatory process. Usually a hyperactivated 

polymorphonuclear neutrophil phenotype appears to be associated with periodontal disease. This hyperactivated 

polymorphonuclear neutrophils are characterized by overproduction of reactive oxygen species and proteases.4 

Upregulation of reactive oxygen species might play one of the most important roles in the establishment and 

progression of periodontitis through the development of oxidative stress which further aggravates inflammation 

of the tissues by enhanced expression of proinflammatory cytokines and therefore responsible for both direct and 

indirect periodontal tissue destruction.5 

As ROS are unstable and have a short life, they cannot be evaluated directly, the end product of oxidative damage 

of various macromolecules are used as biomarker to evaluate the oxidative status. Therefore, lipid peroxidation, 

DNA and protein oxidation/nitration are used, rather than a direct measurement of reactive oxygen species.  

Malondialdehyde (MDA) is a reactive aldehyde formed via peroxidation of polyunsaturated fatty acids and it is a 
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prominent by product of  thromboxane A2 synthesis wherein cyclooxygenase 1 or cycloxygenase 2 

metabolizes arachidonic acid to prostaglandin H2 in platelets and a wide array of other cell types and tissues. 

MDA is the most commonly used lipid marker of oxidative stress and hence was used as a marker of oxidative 

stress in present study.6 

It has been validated by various biochemical studies that there is increased oxidative stress in hyperglycaemic 

condition.7,38,49 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 which is associated with the development of diabetic complications, one of which is periodontitis.33 

High glucose levels also contribute to the production of advanced glycation end products (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  creating oxidative stress and leading to direct tissue damage.7,12 

The excessive levels of ROS produced in diabetes and periodontitis 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 therefore leading to accelerated 

destruction of periodontal tissues.8 MDA levels in GCF were analysed in the present study in health and diseased 

to evaluate the oxidative stress and to correlate it with the antioxidative role of NRF2. 

Aim of this study was to identify NRF2 in gingival crevicular fluid (GCF) sample and to estimate and compare 

NRF2 levels in healthy subjects, chronic periodontitis and chronic periodontitis with diabetes mellitus patients. 

Secondary objective of the study was to establish a co-relation between NFR2 levels and MDA levels in GCF. 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Thromboxane_A2
https://en.wikipedia.org/wiki/Cyclooxygenase_1
https://en.wikipedia.org/wiki/Arachidonic_acid
https://en.wikipedia.org/wiki/Prostaglandin_H2
https://en.wikipedia.org/wiki/Platelets
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OBJECTIVES OF THE STUDY  

 

Primary objectives:  

1] Identify NRF2 in GCF sample. 

2]Comparative analysis of NRF2 in healthy subjects, chronic periodontitis (CP) and chronic 

periodontitis with diabetes mellitus patients. 

 

Secondary objectives: 

1] Establishment of a co-relation between NRF2 levels and MDA levels in GCF 
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BASIC CONSIDERATION 

The concept of immune-related disease tolerance given by Medzhitov et al. 2012 in which the host tolerates 

pathogens by a defence strategy to maintain health in a bacteria-rich environment, of which periodontal tissues 

are a poignant example. Immune tolerance may be defined as the dampening of the negative effects of infections 

on the host but without directly affecting the pathogen burden. The clinical significance of immune tolerance to 

dysbiotic biofilms in periodontitis is intriguing as host-related immune-pathological mechanisms are major 

contributors to the progression of periodontal tissue destruction.9 The normal neutrophil-mediated response to 

bacteria involves the production of reactive oxygen species (ROS). While the primary role of ROS is in bacterial 

killing, in excess these molecules promote tissue damage and can initiate a pronounced inflammatory response. 

This pro-inflammatory condition further leads to release of ROS from inflammatory cells and this cycle continues 

in a chronic inflammatory state.  Cells (including neutrophils and macrophages) exhibit dedicated systems to 

minimize the effects of cell and tissue damage arising from ROS. One critical system for prevention of ROS 

associated damage involves the expression of antioxidants.  Antioxidants counteract the process of oxidation by 

supplying a molecule that bonds with the unpaired electrons of free radicals and prevents or delays oxidation 

reactions and neutralizes free radicals. Antioxidants are primarily regulated by the master antioxidant response 

element downstream of the NrF2 transcription factor. 10 

 

Fig: 1 Demonstration of pathogenesis of periodontal tissue destruction due to oxidative stress.10 
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The cells are equipped with a cytoprotective, redox sensitive transcription factor nuclear factor erythroid 2-related 

factor 2 (NRF2)  which is  encoded by the NFE2L2 gene. It belongs to the Cap’n’Collar (CNC) subfamily of basic 

leucine zipper (bZIP) transcription factors, which comprises nuclear factor erythroid-derived 2 (NFE2) and NRF1, 

NRF2, and NRF3. NRF2 is constitutively expressed in all tissues and depending on the extent of detoxification 

the organ is required to do, its levels may vary. Various studies have identified NRF2 target genes and revealed 

several functions of NRF2 that go beyond its redox-regulating capacities, including regulation of inflammation, 

autophagy, metabolism, proteostasis, mitochondrial physiology, and immune responses. 11 

Nuclear factor erythroid 2related factor 2 (NRF2) is a crucial transcription factor, and a master regulator of 

chemical and oxidative stress, whereas Kelch-like ECH-associated protein 1 (Keap1) down regulates NRF2 

(Zhang, 2006). The NRF2-Keap1 system mainly regulates the antioxidant enzymes, superoxide dismutase, 

(SOD), glutathione S-transferase (GST), glutathione peroxidase (GPx), glutamate-cysteine ligase (GCL), catalase 

(CAT), thioredoxin (TRX) and detoxifying enzymes, NAD(P)H quinine oxidoreductase 1 (NQO1), and 

hemeoxygenase-1 (HO-1). The newer dimension of its function includes the anti-inflammatory role of NRF2, that 

mainly speculates an array of NRF2 downstream target genes suppresses the expression of pro-inflammatory 

cytokines, such as interleukins and TNF-α. 12, 13 

As ROS are unstable and have a short life, they cannot be evaluated directly, the end product of oxidative damage 

of various macromolecules are used as biomarker to evaluate the oxidative status. There are various markers of 

oxidative stress which has been evaluated in various studies, majorly used are DNA base damage products such 

as the nucleoside 8-hydroxy-deoxyguanosine (8-OHdG), 8-hydroxy-adenine, and 7-methyl-8-hydroxyguanine 

but the one most exploited is 8-OHdG and is analysed in various body fluids. Protein oxidised end products such 

as hydroxylated phenylalanine. Unsaturated Lipid (PUFA) is most prone to oxidative damage and therefore one 

of the most reliable marker of oxidative stress the end product of which is A2, , 12-hydroxyheptadecatrienoic acid 

and  Malondialdehyde (MDA).14  This compound is a reactive aldehyde and is one of the many reactive 

electrophile species that cause toxic stress in cells and form coavalent protein adducts referred to as advanced 

lipoxidation end-products (ALE). 15 

 

https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/12-hydroxyheptadecatrienoic_acid
https://en.wikipedia.org/wiki/Aldehyde
https://en.wikipedia.org/w/index.php?title=Advanced_lipoxidation_end-products&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Advanced_lipoxidation_end-products&action=edit&redlink=1
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Structure and function of each domain 

NRF2 consists of 605 amino acids and is divided into seven highly conserved functional domains, known as Neh1-

Neh7 (Sarmistha Saha 2020) 

 

Fig: 2 Structure of NRF2 transcription factor.16 

 

 The Neh1 domain is a CNC-bZIP domain that allows NRF2 to heterodimerize with small Maf proteins 

(MAFF, MAFG, MAFK). This hetrodimerisation is critical as it facilitate binding of these protients to the 

DNA an activation of NRF2. 

 The Neh2 domain allows for binding of NRF2 to its cytosolic repressor Keap1. Under normal 

homeostatic conditions, Keap1 homodimerizes with Neh 2 domain of NRF2 and  is responsible for its 

ubiquitination and degradation. 

 The Neh3 domain may play a role in NRF2 protein stability and may act as a transactivation domain by 

interacting and binding to various components of the transcriptional machinery. 

 The Neh4 and Neh5 domains also act as transactivation domains, but bind to a different protein called 

cAMP Response Element Binding Protein (CREB),  which are transcription co-activator and positively 

modulates the activity of NRF2 . it also possesses intrinsic histone acetyltransferase activity which 

disperses the structure of chromatin and therefore make accessibility for binding the transcription factor 

to the targeted gene. 

 The Neh6 contains two redox-independent factors DSGIS and DSAPGS that bind to E3 ubiquitin ligase 

β-transducin repeat-containing protein (βTrCP), which mediates NRF2 degradation in oxidative stressed. 

https://en.wikipedia.org/wiki/Small_Maf
https://en.wikipedia.org/wiki/MAFF_(gene)
https://en.wikipedia.org/wiki/MAFG
https://en.wikipedia.org/wiki/MAFK
https://en.wikipedia.org/wiki/CREB
https://en.wikipedia.org/wiki/Histone_acetyltransferase
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 The Neh7 domain is involved in the repression of NRF2 transcriptional activity by the retinoid X receptor 

α through a physical association between the two proteins.16 

Synthesis and regulation of NRF2  

Under basal conditions, the amount of NRF2 is low due to its continuous sequestration by KEAP1 and 

subsequent proteasomal degradation by the 26 S proteasome. Under stressed condition, the cellular NRF2 

amount is temporarily or constitutively increased upon exposure to toxicants and ROS, oncogenic signalling, 

genetic mutations, autophagy disruption, or metabolic alteration, which disrupt the KEAP1-NRF2 complex 

and lead to activation of NRF2. Activated NRF2 accumulates in the nucleus, where it interacts with other 

transcription factors and cofactors to regulate transcription of its target genes, which encoding proteins 

involved in the antioxidants, detoxification, metabolism, and inflammation.17 

 

Fig:3  Regulation and activation of NRF2.17 

Transcription factor NRF2 binds to Antioxidant response element (ARE) in the promoter region of many cell 

defence genes to activate their transcription. NRF2 is encoded by the gene nuclear factor, erythroid 2 like 2 

(NFE2L2) which also contains ARE within its promoter region that renders NRF2 the ability to directly 
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activate its own transcription, providing a positive feedback mechanism to amplify NRF2 effects. In addition, 

NFE2L2 transcription is regulated by several transcription factors, including aryl hydrocarbon receptor (AhR)  

and nuclear factor (NF-Κb), Constitutive NF-κB activation mediates upregulation of NFE2L2 gene and 

contributes to high NRF2 levels in cases of inflammation. 13 

1) Keap1-dependent NRF2 regulation 17 

Keap1 is a substrate adaptor for cullin-based E3 ubiquitin ligase, which inhibits the transcriptional activity of 

NRF2 via ubiquitination and proteasomal degradation under normal conditions. Under oxidative stress or 

upon exposure to NRF2 activators, NRF2 dissociates from Keap1 binding due to the thiol modification of 

Keap1 cysteine residues which ultimately prevents NRF2 ubiquitination and proteasomal degradation. 

 

2)  Keap1-independent NRF2 regulation 17 

Emerging evidence has revealed a novel mechanism of NRF2 regulation that is independent of Keap1. The 

serine-rich Neh6 domain of NRF2 plays a crucial role in this regulation by binding with its two motifs (DSGIS 

and DSAPGS) to β-transducin repeat-containing protein (β-TrCP). β-TrCP is a substrate receptor for the 

Skp1–Cul1–Rbx1/Roc1 ubiquitin ligase complex that targets NRF2 for ubiquitination and proteasomal 

degradation. Glycogen synthase kinase-3 is a crucial protein involved in Keap1-independent NRF2 

stabilization and regulation; it phosphorylates NRF2 in the Neh6 domain to facilitate the recognition of NRF2 

by β-TrCP and subsequent protein degradation.  

 

The NRF2-Keap1–ARE stress response pathway  

NRF2 abundance within the cell is tightly regulated by Keap1, a redox-sensitive E3 ubiquitin ligase substrate 

adaptor. Keap1 was initially identified in a yeast two-hybrid screen using the Neh2 domain of NRF2 as bait 

and was confirmed as an NRF2 repressor by showing that mouse embryonic fibroblasts (MEFs) and livers 

from Keap1 knockout mice express constitutively high levels of NRF2 and NRF2 target genes. Under 

homeostatic conditions, two molecules of Keap1 are bound to the Neh2 domain of NRF2 at the ETGE and 

DLG motifs (via their Kelch-repeat domain). Keap1 functions as an adaptor protein for the Cul3 E3 ubiquitin 
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ligase, which is responsible for the continuous ubiquitylation and degradation of NRF2. Under unperturbed 

conditions NRF2 has a short half-life of approximately 10 to 30 minutes; therefore, Keap1-mediated high 

turnover of NRF2 keeps NRF2 basal levels extremely low. In response to oxidative stress, Keap1 is oxidized 

at reactive cysteine residues, resulting in Keap1 inactivation, NRF2 stabilization and translocation into the 

nucleus. Here, NRF2 heterodimerises with members of the sMaf protein family (MafF, MafG and MafK). 

The NRF2-sMaf complex binds, in a sequence-specific manner, to the antioxidant response element (ARE 

5’– TGACXXXGC -3’) in the promoter region of NRF2 target genes. AREs  which are group of genes which 

are significant regulators of redox homeostasis and activators of cytoprotection during oxidative stress.18 

Bach1 (BTB and CNC homology1) is a transcriptional repressor of ARE. Under normal physiological 

conditions, Bach1 forms a dimer with Maf protein and prevents NRF2 binding to ARE. Also Bach1 undergoes 

rapid nuclear export and proteasomal degradation in response to NRF2/ARE inducers 19 

 

Fig: 4 The NRF2-Keap1–ARE stress response pathway.19 
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Activation of NRF2 induces the transcription of genes encoding cytoprotective proteins. 

 These include: NAD(P)H quinone oxidoreductase 1 (NQO-1) is a prototypical NRF2 target protein which 

catalyzes the reduction and detoxification of highly reactive quinones that can cause redox cycling and oxidative 

stress.  

 Glutamate-cysteine ligase catalytic subunit (GCLC) and glutamate-cysteine ligase regulatory subunit 

(GCLM) form a heterodimer, which is the rate-limiting step in the synthesis of glutathione (GSH), a very 

powerful endogenous antioxidant. Both GCLC and GCLM are characteristic NRF2 target genes, which 

establish NRF2 as a regulator of glutathione, one of the most important antioxidants in the body.  

 Sulfiredoxin 1 (SRXN1) and Thioredoxin reductase 1 (TXNRD1) support the reduction and recovery 

of peroxiredoxins, proteins important in the detoxification of highly reactive peroxides, including hydrogen 

peroxide and peroxynitrite.  

 Heme oxygenase-1 (HMOX1, HO-1) is an enzyme that catalyses the breakdown of heme into the 

antioxidant biliverdin, the anti-inflammatory agent carbon monoxide, and iron. HO-1 is a NRF2 target gene 

that has been shown to protect from a variety of pathologies, including sepsis, hypertension, atherosclerosis, 

acute lung injury, kidney injury, and pain.  

 The glutathione S-transferase (GST) family includes cytosolic, mitochondrial, and microsomal enzymes that 

catalyse the conjugation of GSH with endogenous and xenobiotic electrophiles. After detoxification 

by glutathione (GSH) conjugation catalysed by GSTs, the body can eliminate potentially harmful and toxic 

compounds. GSTs are induced by NRF2 activation and represent an important route of detoxification.  

 The UDP-glucuronosyltransferase (UGT) family catalyze the conjugation of a glucuronic acid moiety to a 

variety of endogenous and exogenous substances, making them more water-soluble and readily excreted. 

Important substrates for glucuronidation include bilirubin and acetaminophen. NRF2 has been shown to 

induce UGT1A1 and UGT1A6.  

 Multidrug resistance-associated proteins (MRPs) are important membrane transporters that efflux various 

compounds from various organs and into bile or plasma, with subsequent excretion in the faeces or urine, 

respectively. MRPs have been shown to be upregulated by NRF2 and alteration in their expression can 

dramatically alter the pharmacokinetics and toxicity of compounds.20 

https://en.wikipedia.org/wiki/Antioxidant
https://en.wikipedia.org/wiki/Quinones
https://en.wikipedia.org/wiki/Redox_cycling
https://en.wikipedia.org/wiki/Oxidative_stress
https://en.wikipedia.org/wiki/Oxidative_stress
https://en.wikipedia.org/wiki/Glutamate-cysteine_ligase
https://en.wikipedia.org/wiki/GCLC
https://en.wikipedia.org/wiki/GCLM
https://en.wikipedia.org/wiki/Glutathione
https://en.wikipedia.org/wiki/Antioxidant
https://en.wikipedia.org/wiki/Sulfiredoxin
https://en.wikipedia.org/wiki/SRXN1
https://en.wikipedia.org/wiki/Thioredoxin_reductase
https://en.wikipedia.org/wiki/TXNRD1
https://en.wikipedia.org/wiki/Peroxiredoxins
https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Hydrogen_peroxide
https://en.wikipedia.org/wiki/Peroxynitrite
https://en.wikipedia.org/wiki/HMOX1
https://en.wikipedia.org/wiki/Heme_oxygenase_1
https://en.wikipedia.org/wiki/Heme
https://en.wikipedia.org/wiki/Biliverdin
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Atherosclerosis
https://en.wikipedia.org/wiki/Glutathione_S-transferase
https://en.wikipedia.org/wiki/Mitochondrion
https://en.wikipedia.org/wiki/Microsomal
https://en.wikipedia.org/wiki/Xenobiotic
https://en.wikipedia.org/wiki/Electrophile
https://en.wikipedia.org/wiki/Glutathione
https://en.wikipedia.org/wiki/Glucuronosyltransferase
https://en.wikipedia.org/wiki/Glucuronic_acid
https://en.wikipedia.org/wiki/Glucuronidation
https://en.wikipedia.org/wiki/Bilirubin
https://en.wikipedia.org/wiki/Acetaminophen
https://en.wikipedia.org/wiki/ABCC2
https://en.wikipedia.org/wiki/Membrane_transporter
https://en.wikipedia.org/wiki/Bile
https://en.wikipedia.org/wiki/Pharmacokinetics
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Anti-inflammatory role of NRF2  

Inflammatory cells such as mast cells, macrophages, monocytes, and lymphocytes release inflammatory 

mediators including cytokines, chemokines, and prostaglandins which further recruit inflammatory cells to 

the site of injury resulting in a respiratory burst and elevated oxidative stress. NF-Κb, which is a major pro-

inflammatory transcription factor, further inhibits the function of NRF2 as it decreases free CBP ( CREB- 

binding protein) which is a transcriptional co-activator of NRF2 by competing with CH1-KIX domain of 

CBP. It also promotes phosphorylation of p65 at Ser276 which in turn prevents CBP from binding to NRF2. 

NF-kB is a complex protein system constituted by transcription factors that regulate the expression of genes 

influencing innate and adaptive immunity, inflammation, oxidative stress responses, and B-cell development. 

NF-kB activation involves both the canonical and non-canonical pathways. In the canonical pathway, NF-kB 

is sequestered as inactive form in the cytoplasm by its inhibitory proteins, including I kappa B kinase (IkB) 

family members and other ankirin repeats-containing regulators. In presence of specific stimuli such as 

proinflammatory cytokines, PAMPs, oxidative stress and growth factors, the IkB kinase complex gets 

activated and phosphorylates IkB proteins, ultimately leading to their ubiquitination and proteasomal 

degradation. As a consequence, p50/RelA and p50/c-Rel NF-κB dimers are free to translocate into the nucleus 

and transactivate multiple target genes. 

NRF2 also negatively controls the NF-κB signaling pathway by multiple mechanisms. Firstly, NRF2 inhibits 

oxidative stress-mediated NF-κB activation by decreasing the intracellular ROS levels. Secondly NRF2 

prevents the IκB-α (which binds with NF-KB and down regulates its action) proteasomal degradation and 

therefore inhibits nuclear translocation of NF-κB . Up-regulation of NRF2 also induces increase in the cellular 

Heme oxigenase -1 (HO-1) levels and subsequent increase in phase II enzymes expression blocks the 

degradation of IκB-α . 21 

Anti-inflammatory role of Nrf2/HO-1 axis.  

Heme oxygenase-1(HO-1) is the inducible isoform and rate-limiting enzyme that catalyzes the degradation 

of heme into carbon monoxide (CO) and free iron, and biliverdin to bilirubin. Enzymatic degradation of pro-
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inflammatory free heme as well as the production of anti-inflammatory compounds such as CO and bilirubin 

play major roles in maintaining the protective effects of HO-1. Nrf2 induces the HO-1 gene by increasing 

mRNA and protein expression and it is one of the classic Nrf2 regulated gene which is widely used in 

numerous in vitro and in vivo studies. Several studies have demonstrated that HO-1 and its metabolites have 

significant anti-inflammatory effects mediated by Nrf2. Elevation of HO-1 expression which is mediated by 

activated Nrf2 leads to the inhibition of NFκB signalling. In addition, the by-products of HO-1 such as CO, 

bilirubin, acts as a powerful antioxidant during oxidative stress and cell damage. Bilirubin in addition to this 

reduces the transmigration of endothelial leukocytes via adhesion molecule-1 and therefore helps in reducing 

inflammatory reaction.22 

 

Fig:5 Anti-inflammatory roles of NRF2.22 

Malondialdehyde (MDA) 

Reactive oxygen species have many roles in a cell like genomic stability, regulation of transcription, and 

signal transduction but at high concentrations (which may be due to higher production of ROS or insufficient 

intrinsic and extrinsic antioxidant levels) they produce adverse modifications of cell components, such as 
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lipids, proteins, and DNA.23,24 Out of the many biological targets of oxidative stress, lipids are the most 

involved class of biomolecules. Lipid oxidation gives rise to a number of secondary products. These products 

are mainly aldehydes, with the ability to exacerbate oxidative damage. Longevity and high reactivity allow 

these molecules to act inside and outside the cells, interacting with biomolecules such as nucleic acids and 

proteins, often irreversibly damaging the delicate mechanisms involved in cell functionality.25 

Malondialdehyde (MDA) is the principal and most studied product of polyunsaturated fatty acid peroxidation. 

Since the 1960s several methods have been developed to assess this molecule in order to quantify the level 

of oxidative stress in vivo and in vitro. An increase in free radicals causes overproduction of MDA and is 

therefore used as a reliable marker of increased oxidative stress.26 Malondialdehyde is a reactive aldehyde 

and mainly exists as the  enol with a formula of  CH2(CHO)2 →HOC(H)=CH-CHO 

Reactive oxygen species degrade  polyunsaturated lipids, forming MDA. This compound is a 

reactive aldehyde and is one of the many reactive electrophile species that cause toxic stress in cells and form 

coavalent protein adducts referred to as advanced lipoxidation end-products (ALE), in analogy to advanced 

glycation end-products (AGE). Accumulation of these products in tissue leads to further immunologic 

reaction.27 It is a prominent product in thromboxane A2 synthesis wherein cyclooxygenase 1 or 

cycloxygenase 2 metabolizes arachidonic acid to prostaglandin H2 by platelets and a wide array of other cell 

types and tissues. Arachidonic acid is metabolized by thromboxane synthase to thromboxane A2, 12-

hydroxyheptadecatrienoic acid, and Malonyldialdehyde 28 but the main source of MDA in biological samples 

is the peroxidation of polyunsaturated fatty acids majorly present in plasma membrane, with two or more 

methylene-interrupted double bonds. Lipid peroxidation changes molecule characteristics, making it more 

hydrophilic, this can alter structure and function of the membrane. Malondialdehyde reacts 

with  deoxyadenosine  and  deoxyguanosine  in DNA, forming DNA adducts and  is mutagenic.  The 

guanidine group of arginine residues condense with malondialdehyde to give 2-aminopyrimidines. Another 

probable toxic action of MDA involves collagen. Even if the nature of the cross-link is not yet determined in 

detail, the inter-molecular cross-linking of collagen through MDA may significantly contribute to the 

stiffening of collagenous tissue.29 

https://en.wikipedia.org/wiki/Enol
https://en.wikipedia.org/wiki/Reactive_oxygen_species
https://en.wikipedia.org/wiki/Polyunsaturated_fat
https://en.wikipedia.org/wiki/Aldehyde
https://en.wikipedia.org/w/index.php?title=Advanced_lipoxidation_end-products&action=edit&redlink=1
https://en.wikipedia.org/wiki/Advanced_glycation_end_product
https://en.wikipedia.org/wiki/Advanced_glycation_end_product
https://en.wikipedia.org/wiki/Thromboxane_A2
https://en.wikipedia.org/wiki/Cyclooxygenase_1
https://en.wikipedia.org/wiki/Arachidonic_acid
https://en.wikipedia.org/wiki/Prostaglandin_H2
https://en.wikipedia.org/wiki/Platelets
https://en.wikipedia.org/wiki/Arachidonic_acid
https://en.wikipedia.org/wiki/Thromboxane_synthase
https://en.wikipedia.org/wiki/Thromboxane_A2
https://en.wikipedia.org/wiki/12-hydroxyheptadecatrienoic_acid
https://en.wikipedia.org/wiki/12-hydroxyheptadecatrienoic_acid
https://en.wikipedia.org/wiki/Deoxyadenosine
https://en.wikipedia.org/wiki/Deoxyguanosine
https://en.wikipedia.org/wiki/DNA_adducts
https://en.wikipedia.org/wiki/Mutagenic
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MDA is able to impair several physiological mechanisms of the human body through its ability to react with 

molecules such as DNA and proteins. It is therefore useful to consider this molecule as something more than 

a lipid peroxidation product.30 

 

Oxidative stress in Periodontitis. 

A hyperactive polymorphonuclear neutrophil phenotype appears to be associated with periodontal disease. 

This neutrophil phenotype is characterized by overproduction of ROS and proteases and which might lead to 

periodontal tissue destruction. Therefore, the generation of reactive oxygen species can be considered as a 

“double-edged” sword because reactive oxygen species can help to kill invading pathogenic microorganisms 

during health but can become cytotoxic to host cells when over activated and are not neutralised by anti-

oxidant mechanism of the host. This imbalance resulting in increased ROS, will lead to direct damage to the 

extracellular connective tissue and surrounding bone resorption and indirect damage as  oxidative imbalance 

triggers proinflammatory mechanisms of tissue destruction.31   

In order to combat excess levels of reactive oxygen species, antioxidant enzymes, such as superoxide 

dismutases, catalases, and glutathione peroxidases, are released into the oral cavity in an attempt to balance 

and re-establish a normal oxidative status and prevent tissue destruction. Excess of free radicals in conjunction 

with reduced host antioxidant status play a central role in the pathogenesis and progression of chronic 

periodontitis. Bone remodeling is uncoupled as a result of the reactive oxygen species-mediated increase in 

the RANKL/osteoprotegerin ratio; in this process, the homeostatic relationship between bone formation and 

bone resorption is broken.4 The reduced levels of collagen produced by reactive oxygen species-affected 

fibroblasts and the wide range of different matrix metalloproteinases released at excessive levels into the site 

of infection which is no compensated with increase secretion of endogenous inhibitors (tissue inhibitors of 

matrix metalloproteinases) during the immune response also promote degradation of connective tissue and 

bone matrix.31 
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Oxidative stress in Diabetes. 

There are a number of equally tenable hypotheses on the origin of diabetic complications, including the 

Maillard, or advanced glycation end product (AGE) hypothesis, the aldose reductase hypothesis, oxidative, 

reductive stress (pseudohypoxia), true hypoxia, carbonyl stress, altered lipoprotein metabolism, increased 

protein kinase C activity, and altered growth factor or cytokine activities. The various hypotheses overlap and 

intersect with one another.8,32 The increase in glycoxidation and lipoxidation products in plasma and tissue 

proteins suggests that oxidative stress is increased in diabetes. The issue is whether oxidative stress occurs at 

an early stage in diabetes, preceding the appearance of complications, or whether it is merely a common 

consequence of the tissue damage, reflecting the presence of complications. Sustained hyperglycemia leads 

to ROS overproduction by enhancing mitochondrial oxygen consumption, damaging mitochondrial function, 

or activating nicotinamide adenine nucleotide phosphate oxidase (NOX) that are evolutionarily conserved 

ROS-producing enzymes. Reactive oxygen species are also released indirectly through the binding of 

advanced glycation end products (AGE) with their receptor (RAGE) which further induces an intracellular 

oxidative stress response characterized by increased NF-kB, and tissue-factor expression leading to pro-

inflammatory condition.12,32  

 

Fig 8: Mechanism of increased oxidative stress in hyperglycaemic state.32 
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REVIEW OF LITERATURE 

Battino M et al in1999 published a review which was intended to provide a critical summary of free radicals, 

reactive oxygen species, and anti-oxidant defence mechanisms and its implications for the application of "anti-

oxidant therapy" in periodontal disease. They have reviewed the nomenclature, mechanisms of actions and sources 

of most common free radicals and reactive oxygen species. They have also analysed the typical biological targets 

for oxidative damage. Based on a review of direct and indirect anti-oxidant host defences, particularly in relation 

to the key role of polymorphonuclear neutrophils in periodontitis, they reviewed evidence for oxidative damage 

in chronic inflammatory periodontal disease, and the possible therapeutic effects of anti-oxidants in treating and 

preventing such pathology, with special attention to vitamin E and Co-enzyme Q.33 

Chapple IL et al in 2006 stated that Oxidative stress is implicated in the pathogenesis of periodontitis. The total 

antioxidant capacity (TAOC) of gingival crevicular fluid volume (GCF) and plasma appears compromised in 

periodontitis. So he conducted a study to evaluate whether increased oxidative stress predisposes to, or results 

from the inflammatory process. The aim of the study was to investigate longitudinal changes in GCF and plasma 

TAOC following reductions in periodontal inflammation with successful non-surgical therapy. The study included 

non-smokers with chronic periodontitis (CP). Two longitudinal studies were carried out. Study-1 (n=17) assessed 

index sites with mild disease; Study-2 (n=18) investigated deep sites. GCF sampling and clinical measures were 

performed at baseline and 3 months post-therapy. Plasma and GCF TAOC was determined by enhanced 

chemiluminescence and 32 age/sex-matched periodontally healthy controls were used. The results have shown 

that there were no differences in plasma TAOC between periodontitis patients and controls at baseline, but GCF 

TAOC was lower in CP patients than controls. Successful periodontal therapy did not alter plasma TAOC but 

GCF TAOC increased to control subject levels. Local total antioxidant capacity in CP appears to reflect increased 

oxygen radical activity during periodontal inflammation and can be restored to control subject levels by successful 

non-surgical therapy showing that increase oxidative stress is more of a consequence of inflammatory process.34 
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Iain L. C et al in 2007 did a cross sectional study.  They stated that Oxidative stress is reported in periodontitis 

both locally and peripherally (serum), providing potential mechanistic links between periodontitis and systemic 

inflammatory diseases. In their study examination of serum antioxidant concentrations in periodontal 

health/disease, both at an individual species and total antioxidant (TAOC) level was done. To determine whether 

serum antioxidant concentrations were associated with altered relative risk for periodontitis, they used multiple 

logistic regression for dual case definitions (both mild and severe disease) of periodontitis in an analysis of 11,480 

adult participants (>20 y of age). Serum concentrations of vitamin C, bilirubin, and TAOC were inversely 

associated with periodontitis, the association being stronger in severe disease. Higher serum antioxidant 

concentrations were associated with lower odds ratios for severe periodontitis of 0.53 for vitamin C, 0.65 for 

bilirubin, and 0.63 for TAOC. Increased serum antioxidant concentrations are associated with a reduced relative 

risk of periodontitis even in never-smokers.35 

Kopeć, W. et al in 2007 did a study, the aim of which was to determine 8-OHdG concentration as a biomarker 

of oxidant-induced DNA damage and to assess total antioxidant status (TAS) in gingival and peripheral blood 

during periodontal lesion. The study included 56 untreated periodontitis patients (26 with aggressive periodontitis, 

and 30 with chronic periodontitis (CP). The control group consisted of 25 healthy volunteers without pathological 

changes in the periodontium. Competitive ELISA was used to measure 8-OHdG. Significantly higher 8-OHdG 

concentrations were detected in the gingival blood in both groups of patients with periodontitis than in the control 

group. Subjects with CP had significantly decreased TAS levels in the gingival blood compared with the control 

group. A significantly decreased TAS level in the peripheral blood in both patient groups compared with the 

control group was found. Significant positive correlation between TAS levels in venous and gingival blood in all 

the periodontitis patients and in the CP group was observed. The oxidative burst in periodontitis may lead to 

significant local damage to nucleic acids. The significantly decreased TAS level in the gingival blood of CP 

patients compared with the healthy subjects suggests the possibility of a significant decrease in local antioxidant 

system capacity during the course of periodontitis. The decreased TAS level in the peripheral blood in the group 

of all patients with periodontitis may be one of the pathogenic mechanisms underlying the links between 

periodontal disease and several systemic diseases for which periodontitis is regarded as an independent risk 

factor.36 
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Akalin FA et al in 2007 evaluated levels of Malondialdehyde (MDA) which is a significant Lipid peroxidase 

product that increases in oxidative stress. In this study, MDA levels and total oxidant status (TOS) in serum, saliva 

and gingival crevicular fluid (GCF) were investigated in patients with chronic periodontitis (CP). Thirty-six CP 

patients and 28 periodontally healthy controls were included in the study. Following clinical measurements and 

samplings, MDA and TOS levels were measured by high-performance liquid chromatography and a novel 

automatic colorimetric method, respectively. They found out that the saliva and GCF MDA levels and TOS values 

were significantly higher in the CP group than the control group and Strong positive correlations were observed 

between periodontal parameters and MDA and TOS levels. Therefore, the study reveals that LPO significantly 

increased locally in the periodontal pocket/oral environment, while TOS displayed both systemic and local 

increases in periodontitis.37 

Akalin FA in 2008 This study investigates antioxidant enzyme, superoxide dismutase (SOD) activity in gingiva 

and blood glucose and lipid levels in type-2 patients and systemically healthy individuals with chronic 

periodontitis (CP). Periodontal parameters, blood glycated-haemoglobin (HbA1c), glucose and lipid levels, and 

gingival-SOD activities (spectrophotometric assay) were measured in 17 DM patients with CP (DMCP), 17 

systemically healthy CP patients, 18 periodontally healthy DM patients (DMPH), and 17 healthy controls (PH). 

Gingival-SOD activity was lower in periodontitis groups than the matched control groups (p<0.05). DMPH group 

had the highest and CP group had the lowest SOD levels. There were correlations between periodontal parameters, 

gingival-SOD activity, HbA1c, glucose and high-density lipoprotein (HDL) levels. The results suggest that 

gingival-SOD activity increases in diabetes and decreases in periodontitis. The higher gingival-SOD activity in 

diabetes may be attributed to an adaptive mechanism in the tissue.38 

Allen EM et al in 2009 published a review where they discussed 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. Periodontitis is a common, chronic inflammatory disease initiated by bacteria 

which has an increased prevalence and severity in patients with type 2 diabetes. Past 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. The evidence points to a bidirectional interrelationship 

between diabetes and inflammatory periodontitis. The importance of oxidative stress-inflammatory pathways in 
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the pathogenesis of type 2 diabetes and periodontitis has received attention. It has been concluded in this article 

that 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. 39 

Tomofuji. T et al in 2009 published a review on Periodontitis and increase in circulating oxidative stress. 

Reactive oxygen species (ROS) are products of normal cellular metabolism. However, excessive production of 

ROS oxidizes DNA, lipids and proteins, inducing tissue damage. Studies have shown that periodontitis induces 

excessive ROS production in periodontal tissue. When periodontitis develops, ROS produced in the periodontal 

lesion diffuse into the blood stream, resulting in the oxidation of blood molecules (circulating oxidative stress). 

Such oxidation may be detrimental to systemic health. Previous animal studies suggested that experimental 

periodontitis induces oxidative damage of the liver and descending aorta by increasing circulating oxidative stress. 

In addition, it has been revealed that clinical parameters in chronic periodontitis patients showed a significant 

improvement in 2 months after periodontal treatment, which was accompanied by a significant reduction of 

reactive oxygen metabolites in plasma. Improvement of periodontitis by periodontal treatment could reduce the 

occurrence of circulating oxidative stress. Furthermore, various studies indicate that the increase in circulating 

oxidative stress following diabetes mellitus and inappropriate nutrition damages periodontal tissues. In such cases, 

therapeutic approaches to systemic oxidative stress might be necessary to improve periodontal health.40 

Haixiang Su et al in 2009 did a study, the aim of which was to determine whether periodontitis is associated with 

increased oxidative damage to DNA, lipids, and proteins and modification of total antioxidant capacity (TAC) in 

saliva. Saliva was collected from 58 periodontitis patients and 234 healthy controls, all nonsmokers. Periodontal 

disease status was characterized using the Community Periodontal Index of Treatment Needs (CPITN). Assays 

for 8-OHdG (ELISA), 8-epi-PGF2α (ELISA), and total protein carbonyls (ELISA), and oxy-blotting 

(Western)/mass spectrometry were performed to quantify oxidative damage to nucleic acids, lipids, total and 

individual proteins, respectively, in whole nonstimulated saliva. They observed (i) significantly higher levels of 

8-OHdG, 8-epi-PGF2α, and carbonylated proteins in saliva of periodontal patients as compared with controls and 

https://www.sciencedirect.com/topics/medicine-and-dentistry/antioxidant-capacity
https://www.sciencedirect.com/topics/medicine-and-dentistry/edentulism
https://www.sciencedirect.com/topics/medicine-and-dentistry/edentulism
https://www.sciencedirect.com/topics/medicine-and-dentistry/community-periodontal-index-of-treatment-needs
https://www.sciencedirect.com/topics/medicine-and-dentistry/nucleic-acid
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a positive correlation between salivary TAC and periodontal disease status in the study group. Therefore, 

Periodontal disease is associated with increased oxidative modification of salivary DNA, lipids, and proteins. 

Augmented salivary total antioxidant capacity may represent an adaptive response to oxidative stress.41  

Griffiths HR et al in 2010 did a study which demonstrated that plasma cytokines may have a role in inducing the 

hyperactive (IL-8, GM-CSF, IFN-α) and hyper-reactive (IFN-α) neutrophil phenotype seen in periodontitis 

patients. Plasma was collected from chronic periodontitis patients (n=11) and periodontally healthy controls 

(n=11) and used with/without depletion of albumin and Ig or antibody neutralization of IL-8, GM-CSF or IFN-

α to prime/stimulate peripheral blood neutrophils, isolated from healthy volunteers. The respiratory burst was 

measured by lucigenin-dependent chemiluminescence. Plasma cytokine levels were determined by ELISA. The 

results has shown that Plasma from patients were significantly more effective in both directly stimulating 

neutrophil superoxide production and priming for subsequent formyl-met-leu-phe (fMLP)-stimulated superoxide 

production than plasmas from healthy controls (p<0.05). Plasma from patients contained higher mean levels of 

IL-8, GM-CSF and IFN-α which primed the neutrophils and lead to superoxide production.42 

Aiuto F et al in 2010 conducted a study to ascertain whether severe periodontitis and its treatment is associated 

with oxidative stress. They recruited 145 cases (periodontitis) and 56 controls in a case-control study. A further 

pilot intervention study of 14 cases with non-surgical periodontal therapy was performed. Blood samples were 

taken at baseline from both the groups and 1, 3, 5, 7, and 30 days after intervention. Diacron-reactive oxygen 

metabolites (D-ROM), anti-oxidant potential, C-reactive protein (CRP), interleukin-6, and lipid profiles were 

determined with high-sensitivity assays in serum. Patients with severe periodontitis exhibited higher D-ROM 

levels and lower total anti-oxidant capacity compared with healthy control individuals. These findings were 

independent of age, gender, smoking habits, ethnicity, and standard lipids differences. D-ROM levels were 

positively correlated with CRP and clinical periodontal parameter. Acute increases of D-ROM were observed 

following periodontal therapy. Analysis of these data suggests a positive association between severe periodontitis 

and oxidative stress.43 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-stress
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Poliana DM. Duarte et al in 2012 conducted a study with the aim to evaluate the gene expression of antioxidant 

enzymes in the gingival tissue of poorly and well-controlled type 2 diabetic subjects with chronic periodontitis 

(CP). Gingival biopsies were harvested from systemically and periodontally healthy subjects (n = 12), 

systemically healthy subjects with CP (n = 15), well-controlled (n = 8) and poorly controlled (n = 14) diabetic 

subjects with CP. The messenger RNA (mRNA) levels of peroxiredoxin (PRDX) 1 and 2, catalase (CAT), 

glutathione peroxidase (GPX1) and superoxide dismutase (SOD) 1 and 2 were measured by quantitative 

polymerase chain reaction (qPCR). The results showed that PRDX1 and GPX1 were up-regulated by periodontitis 

(p < 0.05), independently of the glycaemic status, whilst PRDX2 and SOD2 genes were slightly influenced by 

periodontitis, but significantly induced when periodontitis was associated with DM, especially under a poor 

glycaemic control (p < 0.05). Moreover, CAT and SOD1 expressions were not significantly influenced by any of 

these inflammatory disorders (p > 0.05). In conclusion, both PRDX1 and GPX1 were overexpressed in CP 

whilst PRDX2 and SOD2 were up-regulated especially in the poorly controlled diabetic group with CP.44 

Bastos AS et al in 2012 conducted a study where they did the quantitation of malondialdehyde in gingival 

crevicular fluid by a high-performance liquid chromatography-based method. Lipid peroxidation (LPO) has been 

associated with periodontal disease, and the evaluation of malondialehyde (MDA) in the gingival crevicular fluid 

(GCF), an inflammatory exudate from the surrounding tissue of the periodontium, may be useful to clarify the 

role of LPO in the pathogenesis of periodontal disease. The author described a method to measure MDA in the 

GCF using high-performance liquid chromatography. MDA calibration curves were prepared with phosphate-

buffered solution spiked with increasing known concentrations of MDA. Healthy and diseased GCF samples were 

collected from the same patient to avoid interindividual variability. MDA response was linear in the range 

measured, and excellent agreement was observed between added and detected concentrations of MDA. Samples’ 

intra- and interday coefficients of variation were below 6.3% and 12.4%, respectively. The limit of quantitation 

was 0.03 uM. When the validated method was applied to the GCF, excellent agreement was observed in the MDA 

quantitation from healthy and diseased sites, and diseased sites presented more MDA than healthy sites (P < 0.05). 

In this study, a validated method for MDA quantitation in GCF was established with satisfactory sensitivity, 

precision, and accuracy.45 

 



22  

Miricescu D et al in 2013 conducted a study with an aim to explore a possible association between salivary 

markers of OS and alveolar bone loss. The study included 20 patients with chronic periodontitis and 20 controls. 

Salivary OS biomarkers 8-hidroxy-desoxguanosine (8-HOdG), Malondialdehyde (MDA), uric acid, total 

antioxidant capacity (TAC) and glutathione peroxidase (GPx) were evaluated. Bone loss markers such as C-

terminal telopeptide of type I collagen (CTX I), matrix metalloproteinases-8 (MMP-8), Osteocalcin and 25-

hydroxy vitamin D3 (25- OH D) were detected in this study. The methods included general biochemical tests and 

ELISA. Results have shown that salivary 8-OHdG, MDA levels were significantly higher in the chronic 

periodontitis group compared with controls (p < 0.05). Salivary activities for uric acid, TAC and GPx were 

significantly decreased in patients with chronic periodontitis vs controls (p < 0.05). Salivary levels for CTX I, 

MMP-8, 25-OH D and Osteocalcin were significantly higher in the chronic periodontitis group compared to the 

controls (p < 0.05). A significant positive correlation was observed between salivary levels of MDA and CTX I. 

Significant negative correlations between uric acid and CTX I and between MMP-8 and uric acid have been found. 

Significant positive correlations were observed between CTX I, MMP-8, 25-OH D, osteocalcin and clinical 

parameters of periodontal disease. Therefore, Important oxidative stress associated with alveolar bone loss 

biomarkers can be detected in saliva of patients with periodontal disease.46  

Liu Z et al in 2014 conducted a systematic review and meta- analysis to clarify the associations between chronic 

periodontitis and oxidative biomarkers in systemic circulation. Electronic searches of PubMed and Embase 

databases were performed until October 2014 and articles were selected to meet inclusion criteria. Data of 

oxidative biomarkers levels in peripheral blood of periodontitis patients and periodontal healthy controls were 

extracted to calculate standardized mean differences (SMDs) and 95% confidence intervals (CIs) by using 

random-effects model. Of 31 eligible articles, 16 articles with available data were included in meta-analysis. 

Results showed that periodontitis patients had significantly lower levels of total antioxidant capacity (SMD = 

−2.02; 95% CI: −3.08, −0.96; 𝑃 = 0.000) and higher levels of Malondialdehyde (SMD = 0.99; 95% CI: 0.12, 1.86; 

𝑃 = 0.026) and nitric oxide (SMD = 4.98; 95% CI: 2.33, 7.63; 𝑃 = 0.000) than periodontal healthy control. 

Superoxide dismutase levels between two groups were not significantly different (SMD = −1.72; 95% CI: −3.50, 

0.07; 𝑃 = 0.059). In conclusion, this meta-analysis showed that chronic periodontitis is significantly associated 
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with circulating levels of three oxidative stress biomarkers, indicating a role of chronic periodontitis in systemic 

diseases.47 

Monea A et al in 2014 conducted a study to investigate oxidative stress (OS) and histological changes that occur 

in the periodontium of subjects with type 2 diabetes mellitus without signs of periodontal disease and to establish 

if oxidative stress is a possible link between diabetes mellitus and periodontal changes. Tissue samples from ten 

adult patients with type 2 diabetes mellitus (T2D) and eight healthy adults were harvested. The specimens were 

examined by microscope using standard hematoxylin-eosin stain, at various magnifications, and investigated for 

tissue levels of malondialdehyde (MDA) and glutathione (GSH). Results have shown that periodontal tissues in 

patients with T2D present significant inflammation, affecting both epithelial and connective tissues. Mean MDA 

tissue levels were significantly higher in diabetics as compared to controls, while mean GSH tissue levels were 

significantly lower in diabetics versus controls. The study showed that Diabetic subjects had higher MDA levels 

in their periodontal tissues, suggesting an increased lipid peroxidation in T2D, and decreased GSH tissue levels, 

suggesting an alteration of the local antioxidant defense mechanism. These results were in concordance with the 

histological changes that they found in periodontal tissues of diabetic subjects, confirming the hypothesis of OS 

implication, as a correlation between periodontal disease incidence and T2D.48 

Trivedi S et al in 2014 conducted a study The aim of which was to investigate the impact of diabetes, a known 

risk factor for periodontitis, on activities of antioxidant enzymes superoxide dismutase (SOD), glutathione 

reductase (GR), and catalase (CAT) as well as levels of free radical damage marker malondialdehyde (MDA) in 

blood and saliva of individuals with chronic periodontitis (CP). Sixty patients with CP (30 patients with type 2 

diabetes mellitus [DMCP] and 30 systemically healthy patients [CP]) and 60 periodontally healthy individuals 

(30 patients with type 2 diabetes mellitus and 30 systemically healthy patients [PH]) were included in this study. 

After clinical measurements, blood and saliva samples were collected. SOD, GR, and CAT activities in red blood 

cell lysate and saliva and MDA levels in plasma and saliva samples were spectrophotometrically assayed. Results 

have shown that MDA levels in both the periodontitis groups were higher than in the periodontally healthy groups, 

but the difference between the CP and DMCP groups did not reach statistical significance (P >0.05). There was a 

highly significant difference between the CP and PH groups for all the enzymes studied except for SOD in blood. 

Only salivary SOD and GR activities were significantly different in the CP and DMCP groups. The author 
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concluded that this study favors the role of oxidative stress in both diabetes and periodontitis. It shows that the 

compensatory mechanism of the body is partially collapsed because of excessive production of free radicals during 

periodontitis and is not able to cope with increased free radical generation attributable to diabetes, thereby 

worsening the situation. 49 

Tamaki N et al in 2014 conducted an animal study to evaluate the role of resveratrol in up regulating nuclear 

factor E2-related factor 2 (Nrf2), an anti-oxidative pathway and therefore reduction in alveolar bone resorption in 

a ligature induced periodontitis.  Oxidative stress is a key factor regulating the systemic pathophysiological effects 

associated with periodontitis. Resveratrol is a phytochemical with antioxidant and anti-inflammatory properties 

that can reduce oxidative stress and inflammation. The author hypothesized that resveratrol may prevent the 

progression of periodontitis and reduce systemic oxidative stress through the activation of the Sirtuin 1 (Sirt1)/ 

AMP-activated protein kinase (AMPK) and the nuclear factor E2-related factor 2 (Nrf2)/antioxidant defence 

pathways. Three groups of male Wistar rats (periodontitis treated with melinjo resveratrol, periodontitis without 

resveratrol, and control rats with no periodontitis or resveratrol treatment) were examined. A ligature was placed 

around the maxillary molars for 3 weeks to induce periodontitis, and the rats were then given drinking water with 

or without melinjo resveratrol. In rats with periodontitis, ligature placement induced alveolar bone resorption, 

quantified using three-dimensional images taken by micro-CT, and increased pro-inflammatory cytokine levels 

in gingival tissue. Melinjo resveratrol intake relieved alveolar bone resorption and activated the Sirt1/AMPK and 

the Nrf2/antioxidant defense pathways in inflamed gingival tissues. Further, melinjo resveratrol improved the 

systemic levels of 8-hydroxydeoxyguanosine, dityrosine, nitric oxide metabolism, nitrotyrosine, and 

proinflammatory cytokines. The author concluded that oral administration of melinjo resveratrol may prevent the 

progression of ligature-induced periodontitis and improve systemic oxidative and nitrosative stress.50 

Janšáková, K.et al in 2014 did a cross sectional study, aim of the study was to compare the salivary markers of 

oxidative stress and characteristics of salivary DNA between patients with chronic periodontitis and periodontitis-

free controls. Saliva was collected from 23 patients with chronic periodontitis and 19 periodontitis-free controls. 

All participants underwent a clinical periodontal examination. Markers of oxidative and carbonyl stress were 

measured in saliva. Human and bacterial DNA was quantified, and human DNA integrity was assessed. The 

results confirmed the association of salivary thiobarbituric acid-reacting substances with periodontitis (salivary 
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marker of oxidative stress). Lipid peroxidation in periodontitis seems to be caused by increased production of 

reactive oxygen species in men and by decreased antioxidant status in women. Whether lower salivary DNA 

integrity is involved in the pathogenesis of periodontitis remains to be elucidated.51 

 

Baltacıoğlu E et al in 2014 In this study, levels of malondialdehyde (MDA), which is a significant product of 

lipid peroxidation (LPO), total oxidant status (TOS), total antioxidant capacity (TAOC), and the oxidative stress 

index (OSI), were investigated in serum and saliva from patients with chronic (CP) and generalized aggressive 

(GAgP) periodontitis. A total of 98 patients (33 with CP, 35 patients with GAgP, and 30 periodontally healthy 

controls) enrolled in the study. After clinical measurements and sample collection, the MDA level, TOS, and 

TAOC were measured by high-performance liquid chromatography. The salivary MDA levels and serum and 

salivary TOS and OSI values were significantly higher in the periodontitis groups than in the control group. 

Furthermore, oxidative stress parameters were higher in the GAgP group than in the CP group. The present 

findings suggested that an increased TOS and decreased TAOC play an important role in the pathology of 

periodontitis and are closely associated with clinical periodontal status. 52 

 

Brock G,  Eftimiadi C &  Matthews JB in 2014 conducted a study. The aim of the study was to determine 

possible changes in gingival crevicular fluid (GCF) antioxidant defence in chronic adult periodontal disease and 

to investigate the nature of the local radical scavenging mechanisms, with particular reference to glutathione. GCF 

and plasma were collected from patients with chronic periodontitis and age and sex matched control subjects 10 

in each group. GCF concentrations of reduced (GSH) and oxidised (GSSG) glutathione were determined by high 

performance liquid chromatography. Plasma and GCF from patients contained lower mean total antioxidant 

capacity compared with controls. Antioxidant light recovery profiles for GCF demonstrated a stepped response, 

not seen in plasma, which was inhibited by N-ethylmaleimide.. Control GCF contained high mean  concentrations 

of glutathione GSH. GCF from patients with periodontitis contained significantly lower amounts of GSH and 

GSSG. The author concluded stating that GSH values and total antioxidant capacity was reduced in chronic 

periodontal disease. The high concentrations of GSH present in GCF in health was similar to those found 

https://aap.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Baltac%C4%B1o%C4%9Flu%2C+Esra
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extracellularly in the lung and may represent an important antioxidant and anti-inflammatory defence strategy 

common to exposed epithelial surfaces.53 

 

Hua Lu et al in 2015 conducted a study on an extract- Magnolol isolated from Magnolia officinalis, a Chinese 

medical herb, exhibits an anti-inflammatory activity and a protective effect against periodontitis. The 

inflammation caused by lipopolysaccharide (LPS) from Porphyromonas gingivalis (P. gingivalis) has been 

considered a key inducer in the development of periodontitis. In this study, they investigated whether magnolol 

inhibits P. gingivalis LPS-evoked inflammatory responses in macrophages and the involvement of heme 

oxygenase-1 (HO-1). Magnolol significantly activated p38 MAPK, Nrf-2/HO1 cascade and reactive oxygen 

species (ROS) formation. Notably, the Nrf-2 activation and HO-1 induction by magnolol were greatly diminished 

by blocking p38 MAPK activity and ROS production. Furthermore, in P. gingivalis LPS-stimulated macrophages, 

magnolol treatment remarkably inhibited the inflammatory responses evidenced by suppression of pro-

inflammatory cytokine, prostaglandin E2, nitrite formation, and the expression of inducible nitric oxide synthase 

and cyclooxygenase-2, as well as NF-κB activation accompanied by a significant elevation of Nrf-2 nuclear 

translocation and HO-1 expression/activity. However, inhibiting HO-1 activity with tin protoporphyrin IX 

markedly reversed the anti-inflammatory effects of magnolol. Collectively, these findings provide a novel 

mechanism by which magnolol inhibits P. gingivalis LPS-induced inflammation in macrophages is at least partly 

mediated by HO-1 activation, and thereby promoting its clinical use in periodontitis.54 

 

Trivedi S and Nand Lal in 2016 published a review article on role of Antioxidant enzymes in periodontitis. 

Periodontitis is basically an inflammatory disease initiated by the subgingival biofilm and modified by the 

individual’s aberrant inflammatory/immune response. Various studies have pointed toward the role of oxidative 

stress in periodontitis. As the reactive oxygen species and antioxidants are in dynamic equilibrium, any 

disturbance in one would lead to changes in the other. As studying, individual antioxidants is a vast field, this 

review focused on the role of antioxidant enzymes in periodontitis and in other related systemic conditions. It is 

highlighted that oxidative stress may be the missing link in these associations of periodontitis and other conditions. 

Also, the antioxidant enzymes may be considered a useful biomarker for periodontal diseases and antioxidant 
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supplementation may be of help to reduce the burden of periodontal destruction without having much extra 

effort.55 

 

Sima GM et al in 2016 report for the first time that Nrf2 pathway down-regulation in oral polymorphogenic 

neucleocyte (oPMNs) of patients with severe chronic periodontitis. In their study they took oral rinses with 0.9% 

saline solution were used to isolate oral PMNs (oPMNs) and venous blood and isolated circulating PMNs.1 PMN 

RNA was further isolated for microarray and RT-qPCR assays and proteins isolated for Western blot analysis of 

antioxidants production. They and have shown that inhibition of antioxidant production through down regulation 

of nuclear factor erythroid 2-related factor 2 (Nrf2) pathway in oPMN, despite enhanced recruitment in the oral 

cavity is associated with severe chronic periodontitis. Twenty-four genes in the Nrf2- mediated oxidative stress 

response pathway were down-regulated in PMNs of diseased patients. Downstream of Nrf2, levels of oPMN 

superoxide dismutase 1 and catalase were decreased in severe CP, despite increased recruitment. They also 

conducted an animal study on mice where they allocated as Nrf2 positive mice and Nrf2 knockout mice. Nrf2 

knockout mice had more severe loss of periodontium in response to periodontitis inducing subgingival ligatures 

compared with wildtypes. Levels of 8-hydroxydeoxyguanosine were increased in periodontal lesions of Nrf2/ 

mice, indicating high oxidative damage.56 

Patil VS et al in 2017 conducted a study in which they have shown more severe tissue destruction in periodontitis 

is associated with excessive reactive oxygen species (ROS) generation which is positively correlated in type 2 

diabetic subjects .In this study they involved total 100 subjects among which 25 were normal healthy controls, 25 

were gingivitis patients, 25 were chronic periodontitis patients (CP) and 25 were having chronic periodontitis with 

type 2 diabetes (CP with DM). ROS levels were determined as MDA (malondialdehyde) and antioxidant status 

as plasma total antioxidant capacity (TAC), vitamin C and erythrocyte Superoxide dismutase (SOD) and catalase 

activity on analysis There was significant increase in MDA levels in all the patient groups compared with healthy 

controls and decrease in TAC, Vitamin C and SOD levels among CP with DM patients as compared to controls. 

There was a positive correlation between the probing pocket depth and MDA (malondialdehyde) levels among 

periodontitis patients with diabetes which showed that there is increased oxidative stress in chronic periodontitis 

with and without type 2 diabetes indicating a common factor involvement in tissue damage.57  
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Chiu A.V et al in 2017 Published a review article where they considered the roles of nuclear factor erythroid 2-

related factor (NrF2), a transcription factor, and other key regulators of antioxidants. In periodontal health, 

neutrophils and macrophages respond to the formation of pathogenic bacterial biofilms by the production of 

bactericidal reactive oxygen species (ROS). However, when released in excess, ROS cause tissue damage and 

exacerbate inflammation. To counter these destructive responses, many cell types, including neutrophils and 

macrophages, launch a dedicated antioxidant system that limits the cell and tissue-damaging effects of ROS. The 

expression of antioxidants was primarily regulated by genetic response elements in their promoters.  The concept 

of disease tolerance, neutrophil and macrophage generated oxidative stress, and their relationship to the 

pathogenesis of periodontitis is reviewed. The paper mainly focused on the regulation of NrF2 and recent evidence 

suggesting that NrF2 plays a central role in host protection against tissue destruction in periodontitis.58 

 

Liu Y et al in 2017 did a study aimed to analyse novel mechanisms underlying Nrf2-mediated anti-apoptosis in 

periodontal ligament stem cells (PDLSCs) in the periodontitis oxidative microenvironment. The author created 

an oxidative stress model with H2O2-treated PDLSCs. They used real-time PCR, Western blotting, TUNEL 

staining, fluorogenic assay and transfer genetics to confirm the degree of oxidative stress and apoptosis as well as 

the function of nuclear factor-erythroid 2-related factor 2 (Nrf2). They demonstrated that with upregulated levels 

of reactive oxygen species (ROS) and malondialdehyde (MDA), the effect of oxidative stress was obvious under 

H2O2 treatment. Oxidative molecules were altered after the H2O2 exposure, whereby the signaling of Nrf2 was 

activated with an increase in its downstream effectors, heme oxygenase-1 (HO-1), NAD(P)H:quinone 

oxidoreductase 1 (NQO1) and γ-glutamyl cysteine synthetase (γ-GCS). Additionally, the apoptosis levels 

gradually increased with oxidative stress by the upregulation of caspase-9, caspase-3, Bax and c-Fos levels in 

addition to the downregulation of Bcl-2. However, there was no alterations in levels of caspase-8. The enhanced 

antioxidant effect could not mitigate the occurrence of apoptosis. Furthermore, Nrf2 overexpression effectively 

improved the anti-oxidative levels and increased cell proliferation. At the same time, overexpression effectively 

restrained TUNEL staining and decreased the molecular levels of caspase-9, caspase-3, Bax and c-Fos, but not 

that of caspase-8. In contrast, silencing the expression of Nrf2 levels had the opposite effect. Collectively, Nrf2 

alleviates PDLSCs via its effects on regulating oxidative stress and anti-intrinsic apoptosis by the activation of 

anti-oxidative enzymes.59 
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Tothova LU in 2017 published a review article, that summarized the available literature linking oxidative stress 

and periodontitis and pointed toward the potential of adjuvant antioxidant treatment, especially in cases where 

standard treatment fails to improve the periodontal status. Oxidative stress has been implicated in the pathogenesis 

of numerous diseases. However, large interventional studies with antioxidants failed to show benefits in the 

prevention or treatment of cardiovascular diseases, cancer, or diabetes mellitus. Numerous clinical studies have 

confirmed the association of oxidative stress markers and periodontitis. Technical and biological variability is 

high for most of the analyzed markers and none of them seems to be optimal for routine clinical use. In a research 

setting, analysis of oxidative stress markers is needed to cover lipid peroxidation, protein oxidation, and the 

antioxidant status. The source of reactive oxygen species and their role in the pathogenesis of periodontitis remains 

unclear. Interventional experiments indicate that oxidative stress might be more than just a simple consequence 

of the inflammation. Small studies have confirmed that some antioxidants could have therapeutic value at least as 

an addition to the standard non-surgical treatment of periodontitis. A clear evidence for the efficiency of 

antioxidant treatment in large patient cohorts is lacking. Potentially, because lowering of oxidative stress markers 

might be a secondary effect of anti-inflammatory or antibacterial agents. As the field of research of oxidative 

stress in periodontitis gained attraction and the number of relevant published papers is increasing a systematic 

overview of the conducted observational and interventional studies is needed.60 

Li JI et al in 2018 conducted a study to explore the protective effects of Paeonol on ligation-induced periodontitis 

in rats, and investigate the possible mechanism.  Under anesthetized with pentobarbital sodium (100 mg/kg), rats 

were treated with a  3-0 cotton ligation in a subgingival position around the right first molar of mandibles except 

for the control group. After the ligation placement, rats were intraperitoneally  injected with paeonol (40 or 80 

mg/kg) or equal volume of vehicle for 7 consecutive days. they found that treatment with for 7 days remarkably 

decreased the expression of receptor activator of nuclear factor Kappa-B ligand increased the expression of 

osteoprotegrin and inhibited the formation of osteoclasts. This function of paeonol might be correlated with its 

ability to reduce inflammatory factors (IL-1β, IL-6 and TNF-α) and alleviate oxidative stress (SOD, MDA, GSH 

and ROS) in gingival tissues. Besides, paeonol increased nuclear factor E2-related factor 2  (Nrf2) activity. Silence 

of Nrf2 using specific siRNA diminished the inhibitory effect of paeonol. This suggests that Nrf2 was essential 



30  

for protective effect of paeonol. The results showed that paeonol protected against periodontitis-aggravated 

osteoclastogenesis and alveolar bone lesion via regulating Nrf2/NF-κB/NFATc1 signalling pathways.61 

 

Liu Z et al in 2018 conducted a systematic review and meta-analysis to investigate the relationship between local  

oxidative stress (OS) biomarkers in chronic periodontitis (CP) patients. This systematic review was conducted 

through a systematic search from three databases. Studies on CP participants were included as an experimental 

group, and studies on periodontally healthy (PH) participants were included as a control. Mean effects were 

expressed as standardized mean difference with their associated 95% confidence intervals. From a total of 2,972 

articles, 32 articles fulfilled the inclusion criteria. The authors found a significant decrease of total antioxidant 

capacity and a significant increase of malondialdehyde (MDA), nitric oxide, total oxidant status (TOS), and 8‐

hydroxy‐de‐ oxyguanosine levels in the saliva of CP patients. Moreover, they also found an elevation of MDA 

level in GCF of CP group when compared with the PH group. There were no significant differences of salivary 

and GCF superoxide dismutase levels, salivary glutathione peroxidase level, and GCF TOS level between two 

groups. However, a high heterogeneity was observed among evaluated studies. The authors concluded that despite 

the limitations of this study, the result of this meta‐analysis supported the rationale that there was a direct link 

between CP and OS‐related biomarker levels in the local site, indicating the important role of OS in the onset and 

development of CP. 62 

Li X et al in 2018 conducted a study in which they have shown that enhanced local and systemic oxidative damage 

and Nrf2 down regulation contributed to the development and progression of periodontal destruction and 

significantly enhanced local oxidative damage in subjects with chronic periodontitis with diabetes. It is an animal 

study on Wistar rats done on control, chronic periodontitis, diabetes, and subjects with chronic periodontitis with 

diabetes groups. Two weeks after induction of diabetes by streptozotocin, periodontitis was induced by ligation. 

Two weeks later, periodontal tissues and blood were harvested and analysed by stereomicroscopy, 

immunohistochemistry, and real time polymerase chain reaction. They found that ligation induced more severe 

bone loss and periodontal cell apoptosis in diabetic rats than in normal rats. Compared with the control group, 

periodontitis significantly enhanced local oxidative damage (elevated expression of 3-nitrotyrosine, 4- hydroxy-

2-nonenal, and 8-hydroxy-deoxyguanosine), whereas diabetes significantly increased systemic oxidative damage 
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and suppressed antioxidant capacity shown by increased malondialdehyde (MDA) expression and decreased 

superoxide dismutase activity. Simultaneous periodontitis and diabetes synergistically aggravated both local and 

systemic oxidative damage this finding was strongly correlated with the more severe periodontal destruction in 

diabetic periodontitis. Furthermore, gene and protein expression of Nrf2 was significantly down regulated in 

diabetic periodontitis. Multiple regression analysis indicated that the reduced Nrf2 expression was strongly 

correlated with the aggravated periodontal destruction and oxidative damage in diabetic periodontitis.63 

Vincent RR et al in 2019 conducted a study in which they evaluate the total antioxidants capacity (TAOC) and 

total oxidants status (TOS) in Gingival crevicular fluid (GCF) oxidative stress index (OSI) in chronic periodontitis 

(CP) participants with type II diabetes mellitus (type II DM). 4. A total of 80 participants were allotted into four 

groups as generalized chronic periodontitis (GCP) without type II DM, GCP with type II DM, type II DM without 

chronic periodontitis and systemically and periodontally healthy 20 patients each group. Clinical parameters such 

as plaque index, gingival index, probing pocket depth, and clinical attachment level were recorded. Pooled GCF 

was collected followed by the estimation of TAOC, TOS and oxidative stress index (OSI) using Erel O 

colorimetric analysis and in its result it confirmed from their study the role of OS in the pathogenesis of type II 

diabetic patients with the chronic periodontal disease as their levels were significantly increased in these 

conditions as compared to control group.64 

 

Bigagli E and Lodovici M in 2019 published a review article that provides an overview of human studies on 

circulating biomarkers of oxidative stress and antioxidant defence systems and discussed their usefulness from a 

clinical perspective. Most case- control studies documented an increase in biomarkers of oxidative lipid, protein, 

and nucleic acid damage in patients with pre-diabetics and in those with a diagnosis of type 2 diabetes mellitus 

(T2DM) compared to control. When oxidative stress biomarkers were evaluated in patients with clinical diagnosis 

of (type 2 diabetes mellitus) T2DM, the most consistent finding across many of these studies was a significant 

increase in the plasma levels of thiobarbituric acid reactive substance (TBARS), malondialdehyde 

(MDA),advance glycation end product (AGEs), protein carbonyls, and in the urinary levels of 8-hydroxy-2' -

deoxyguanosine (8-OHdG) in T2DM patients compared to healthy controls which make proves increase oxidative 

stress and damage in diabetic patients as compared to non-diabetic patients. 65 
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Zhu C et al in 2019 conducted a study, the aim of which was to determine whether Baicalein (BCI) prevents 

diabetes related periodontal tissue destruction by regulating Nrf2 signaling pathway. Oxidative stress has been 

suggested as an important pathogenic factor contributing to chronic periodontitis with diabetes mellitus (CPDM). 

Previous studies have revealed the potential therapeutic properties of baicalein (BCI) in oxidative stress-related 

diseases; however, the antioxidant effects of BCI on therapy for individual with CPDM remain largely unexplored. 

Nuclear factor erythroid 2-related factor 2 (Nrf2) plays a critical role in cellular defence against oxidative stress. 

In this study Human gingival epithelial cells (hGECs) were challenged with high glucose (HG, 25 mmol/L) and/or 

lipopolysaccharide (LPS, 20 µg/mL). Reactive oxygen species (ROS) were detected by fluorescence-activated 

cell sorting. The changes of antioxidant-related genes, including Nrf2, catalase (Cat), glutamatecysteine ligase 

catalytic subunit (Gclc), superoxide dismutase 1 (Sod1), and superoxide dismutase 2 (Sod2), were quantified by 

real-time PCR. The role of BCI in activating Nrf2 signalling pathway and relieving the alveolar bone absorption 

was examined in the CPDM model of Sprague Dawley rats. Results showed that ROS were significantly increased 

in both groups of HG and LPS. The study also observed that BCI promoted the nucleus translocation of pNrf2, as 

well as the gene expression levels of pNrf2 and its target genes (CAT, GCLC, SOD1 and SOD2) and decrease the 

alveolar bone loss.66 

Altıngöz SM et al in 2020 conducted a cross sectional study aimed to investigate the association between 

oxidative stress, glycation, and inflammation markers and periodontal clinical parameters in periodontitis and 

periodontally healthy patients with type 2 diabetes and corresponding systemically healthy controls. Sixty-seven 

periodontally healthy (DM-H, n = 32) and periodontitis (DM-P, n = 35) patients with type 2 diabetes, and 54 

systemically healthy periodontitis (H-P, n = 26) and periodontally healthy (H-H, n = 28) controls were included. 

Clinical periodontal parameters, body mass index, fasting glucose, hemoglobin A1c (HbA1c), along with saliva 

and serum 8-hydroxy-2′- deoxyguanosine (8-OHdG), malondialdehyde (MDA), 4-hydroxy-2-nonenal (4- HNE), 

advanced glycation end products (AGE), AGE receptor (RAGE) and high sensitivity C-reactive protein (hsCRP) 

levels were recorded and analyzed. Results have shown that salivary 8-OHdG levels were significantly higher in 

periodontitis compared to periodontally healthy patients, regardless of systemic status (P < 0.001). Salivary MDA 

levels were significantly higher in all disease groups compared to healthy (H-H) group. Author concluded that 
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Salivary 8-OHdG alone or in combination with 4-HNE, AGE and RAGE for diabetics, and salivary 8-OHdG 

alone or in combination with MDA and hsCRP for systemically healthy persons, could potentially serve as non-

invasive screening markers of periodontitis.67 

Xun Xi et al in 2021 conducted a study aimed to investigate the role of Nrf2 in periodontal ligament stem cells 

(PDLSCs) under cyclic mechanical stretch. During orthodontic treatment, mechanical stretch serves a crucial 

function in osteogenic differentiation of (PDLSCs). Up-regulated reactive oxygen species (ROS) level is a result 

of cyclic mechanical stretch in many cell types. Nuclear factor erythroid-2-related factor-2 (Nrf2) is a master 

regulator in various antioxidants expression. The study wanted to evaluate whether cyclic mechanical stretch 

could induce the ROS generation in PDLSCs and whether Nrf2 participated in this process. The results showed 

that cyclic mechanical stretch increased ROS level and the nuclear accumulation of Nrf2 during osteoblast 

differentiation. Knocking down Nrf2 by siRNA transfection increased ROS formation and suppressed osteogenic 

differentiation in PDLSCs. T-BHQ, a Nrf2 activator, promoted the osteogenic differentiation in PDLSCs under 

cyclic mechanical stretch, and improved the microstructure of alveolar bone during orthodontic tooth movement 

in rats by employing micro-CT system. Taken together, Nrf2 activation was involved in osteogenic differentiation 

under cyclic mechanical stretch in PDLSCs. T-BHQ could promote the osteogenic differentiation in vitro and in 

vivo, suggesting a promising option for the remodeling of the alveolar bone during orthodontic tooth movement.68 

Gou et al in 2022 conducted a study where they aimed to imply the mechanism of NRF2-regulated oxidative 

stress and inflammatory responses under periodontitis and explored the novelty therapeutic targets. 

Periodontitis is a recognized multifactorial inflammatory chronic disease, however, the exact role of oxidative 

stress in the pathogenesis of periodontitis is undefined. They demonstrate that redox imbalance caused by 

inhibited NRF2 signaling pathway is induced in periodontium during hypoxia and bacterial events. They propose 

that LPS from P. gingivalis and hypoxia stimuli could inhibit hPDLCs proliferation and GSH level, 

promote ROS production, lipid peroxidation level, and pro-inflammatory cytokines such as IL-6, TNF-α, and IL-

17 level caused by the inhibited PI3K/AKT/mTOR pathway and sequential sequestered crosstalk 

between selective autophagy SQSTM1/p62 and Keap1/NRF2 axis accompanied by the 

reinforced NRF2 ubiquitination degradation and inactivated NRF2 nuclear translocation. Overexpression of 

NRF2 and SQSTM1 can protect hPDLCs from oxidative stress and inflammation exacerbation because of 
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enhanced NRF2 activity. They concluded that NRF2-mediated redox homeostasis is a profound candidate for one 

of the prominent roles in periodontitis pathogenesis and suggest Puerarin, an antioxidant and anti-inflammation, 

as a promising therapeutic target.69 

Zixuan Li et al in 2022 conducted a study, the aim of which was to explore the mechanisms of Nrf2 in PDLSCs 

during cyclic mechanical stress-stimulated osteogenic differentiation via the tandem mass tag (TMT)-based liquid 

chromatography tandem-mass spectrometry (LC-MS/MS) analysis. Nuclear factor erythroid-2-related factor-2 

(Nrf2), the major transcriptional regulator in antioxidant response and cellular defense, had the vital effect on 

regulating osteogenic differentiation. Previous study by same authors revealed that Nrf2 activation was involved 

in cyclic mechanical stress-stimulated osteogenic differentiation in the human periodontal ligament stem cells 

(PDLSCs). The study was conducted to evaluate the possible mechanisms of Nrf2 underlying this process. they  

applied tert-Butylhydroquinone (t-BHQ), the Nrf2 activator, to the orthodontic rats and detected the expression 

levels of the osteogenesis markers by immunohistochemistry (IHC) staining. Results showed that Nrf2 activation 

in PDLSCs was involved in cyclic mechanical stress-stimulated osteogenic differentiation via phosphoinositide 3 

kinase (PI3K)/protein kinase B (Akt) pathway. The protein-protein interaction between heme oxygenase 1 (HO1) 

and superoxide dismutase 2 (SOD2), the downstream antioxidants of Nrf2, was associated with cyclic mechanical 

stress-stimulated osteogenic differentiation. T-BHQ enhanced the expression levels of the osteogenesis markers 

in orthodontic rats. Nrf2 might possess the potential to be a feasible molecular target in orthodontics.70 

Schieffer L et al in 2022 published a review article the aim of which was to summarize the functional implications 

of the nuclear factor E2-related factor or nuclear factor (erythroid-derived 2)-like 2 (Nrf2), with special attention 

to the NACHT (nucleotide-binding oligomerization), LRR (leucine-rich repeat), and PYD (pyrin domain) 

domains-containing protein 3 (NLRP3) inflammasome in the field of dentistry. NLRP3 plays a crucial role in the 

progression of inflammatory and adaptive immune responses throughout the body. It is already known that this 

inflammasome is a key regulator of several systemic diseases. The initiation and activation of NLRP3 starts with 

the oral microbiome and its association with the pathogenesis and progression of several oral diseases, including 

periodontitis, periapical periodontitis, and oral squamous cell carcinoma (OSCC). The possible role of the 

inflammasome in oral disease conditions may involve the aberrant regulation of various response mechanisms, 

not only in the mouth but in the whole body. Understanding the cellular and molecular biology of the NLRP3 

https://www.sciencedirect.com/topics/medicine-and-dentistry/homeostasis
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inflammasome and its relationship to Nrf2 is necessary for the rationale when suggesting it as a potential 

therapeutic target for treatment and prevention of oral inflammatory and immunological disorders. In this review, 

they highlighted the current knowledge about NLRP3, its likely role in the pathogenesis of various inflammatory 

oral processes, and its crosstalk with Nrf2, which might offer future possibilities for disease prevention and 

targeted therapy in the field of dentistry and oral health.71 

Han J et al in 2022 published a review article on the role of NRF2 in bone metabolism and stated that bone 

metabolism is closely related to oxidative stress. As one of the core regulatory factors of oxidative stress, NRF2 

itself and its regulation of oxidative stress are both involved in bone metabolism. NRF2 plays an important and 

controversial role in the regulation of bone homeostasis in osteoblasts, osteoclasts and other bone cells. The role 

of NRF2 in bone is complex and affected by several factors, such as its expression levels, age, sex, the presence 

of various physiological and pathological conditions, as well as its interaction with certains transcription factors 

that maintain the normal physiological function of the bone tissue. The properties of NRF2 agonists have 

protective effects on the survival of osteogenic cells, including osteoblasts, osteocytes and stem cells. Activation 

of NRF2 directly inhibits osteoclast differentiation by resisting oxidative stress. The effects of NRF2 inhibition 

and hyperactivation on animal skeleton are still controversial, the majority of the studies suggest that the presence 

of NRF2 is indispensable for the acquisition and maintenance of bone mass, as well as the protection of bone 

mass under various stress conditions. More studies show that hyperactivation of NRF2 may cause damage to bone 

formation, while moderate activation of NRF2 promotes increased bone mass. In addition, the effects of NRF2 

on the bone phenotype are characterized by sexual dimorphism. The efficacy of NRF2-activated drugs for bone 

protection and maintenance has been verified in a large number of in vivo and in vitro studies. Additional research 

on the role of NRF2 in bone metabolism will provide novel targets for the etiology and treatment of osteoporosis.72 

Jiang Y et al in 2022 conducted a study which investigated the effect of periostin in periodontitis and on Nrf2 

expression in Human periodontal ligament fibroblasts (PDLFs). Periostin is important for the maintenance of 

periodontal tissue, but its role in periodontitis is controversial. Mouse periodontitis models in vivo and 

inflammation model in vitro which were induced by Porphyromonas gingivalis lipopolysaccharide were 

established to evaluate periostin expression. Human periodontal ligament fibroblasts (PDLFs) were treated with 

lipopolysaccharide and N-acetylcysteine, fluorescence staining, flow cytometry, Western blot, and qRT-PCR 
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were used to detect reactive oxygen species (ROS), periostin expression, and apoptosis-related makers. The 

periostin gene was successfully transfected into PDLFs to verify the effect of periostin on apoptosis. Then, the 

Nrf2 inhibitor was added to clarify the mechanism. The results have shown that Periostin expression decreased in 

the periodontal ligaments of mouse periodontitis models and lipopolysaccharide-induced PDLFs. 

Lipopolysaccharide promoted the activation of ROS and apoptosis in PDLFs, whereas N-acetylcysteine reversed 

this condition. Overexpression of periostin suppressed apoptosis of PDLFs and reversed the inhibitory effect of 

lipopolysaccharide on nuclear Nrf2 expression. The author concluded that Lipopolysaccharide induced apoptosis 

in PDLFs by inhibiting periostin expression and thus Nrf2/HO-1 pathway, indicating that periostin could be a 

potential therapeutic target for periodontitis.73 

Viglianisi G et al in 2023 published a review article, the aim of which was to summarize recent advances and the 

potential of oxidative stress biomarkers in the early diagnosis and personalized therapeutic approaches in 

periodontitis. ROS metabolisms (ROMs) have been studied in the physiopathology of periodontitis. Different 

studies show that ROS plays a crucial role in periodontitis. In this regard, the reactive oxygen metabolites (ROMs) 

started to be searched for the measures of the oxidizing capacity of the plasma understood as the total content of 

oxygen free radicals (ROS). The oxidizing capacity of plasma is a significant indicator of the body’s oxidant state 

as well as homocysteine (Hcy), sulfur amino acid, which has pro-oxidant effects as it favors the production of 

superoxide anion. More specifically, the thioredoxin (TRX) and peroxiredoxin (PRX) systems control reactive 

oxygen species (ROS), such as superoxide and hydroxyl species, to transduce redox signals and change the 

activities of antioxidant enzymes to remove free radicals. Superoxide dismutase (SOD), catalase, and glutathione 

peroxidase (GPx), among other antioxidant enzymes, change their activity when ROS are produced in order to 

neutralize free radicals. The TRX system is triggered and transduces redox signals to do this. The author concluded 

that reactive oxygen species (ROS) play a first-order role in the development and progression of periodontitis. 

The presence of high levels of ROS in periodontitis may compromise the balance between ROS and antioxidants; 

in this case, the activities of antioxidants can no longer cope with the increase in ROS. The detection of metabolites 

created in the context of oxidative stress in saliva appears to be possible biomarkers for early diagnosis of 

periodontitis74 
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MATERIAL AND METHODS 

The study was conducted in S.D.M College of Dental Sciences and Hospital, Dharwad. Patients visiting 

Department of Periodontics were involved in the study. A total of 90 participants of both the sex, within the age 

range of 18-60 years were recruited in this study on the bases of inclusion and exclusion criteria. 3 groups were 

made, Systemically and periodontally healthy subjects, Chronic periodontitis patients (CP), Chronic periodontitis 

patients with Diabetes mellitus (CPDM). 30 patients were allocated in each group but during analysis, 6 vials 

were consumed for standardization of the ELISA test. Therefore, the total number of samples that were examined 

were, 24 in the healthy group, 30 samples in chronic periodontitis group and 30 samples in chronic periodontitis 

with diabetes group each. An ethical clearance was procured from the institutional ethical committee. Prior to 

enrolment in the study the participants were clearly explained regarding the need and design of the study. A signed 

written informed consent was obtained from all recruits.  

 

Null hypothesis for the study is:  

1. NRF2 is not present in GCF 

2. There is no difference in levels of NRF2 in healthy, chronic periodontitis and chronic periodontitis with diabetes 

mellitus patients 

3. Change in NRF2 levels do not co-relate with MDA levels in GCF 

 

Inclusion criteria 

1)Systemically healthy subjects  

2) Subjects aged between 18 years to 60 years.  

3) Subjects with a minimum of 20 permanent teeth present  

4) Subjects with chronic periodontitis (probing pocket depth ≥ 5mm), with clinical attachment loss ≥3mm 

(according to AAP classification 1999)  

5) Subjects with chronic periodontitis Type 2 Diabetes with HbA1c levels ≥ 7.O%  

 

Exclusion criteria 
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1) Pregnant or Lactating women  

2) Subjects who were smokers  

3) Individuals who were currently on antibiotics and any anti- inflammatory drugs  

4) Patients who were on anti-oxidant medications or vitamin supplements 

 

 

Sample size calculation was done using the formula:     

            [N * [Z2 * p * (1-p)/e2] 

 n =    --------------------------------  

          [N – 1 + (Z2 * p * (1-p)/e2] 

 

 

 

The participants were categorized into three groups:  

Group I: 30 Systemically and periodontally healthy subjects.   

Group II: 30 Chronic periodontitis patients (CP) 

Group III: 30 Chronic periodontitis patients with Diabetes mellitus (DMCP) 

 

Armamentarium for clinical usage  

1. Pair of examination gloves  

2. Mouth mask 

3. Mouth mirror  

4. UNC-15 periodontal probe  

5. A pair of tweezers 

6. Dry gauze for isolation 

7. Calibrated volumetric micro capillary pipettes 

8. Eppendorf Safe-Lock Tubes 

 

Following parameters were recorded in study participants  

Gingival Index (Loe and Sillness – 1963)  

Plaque Index (Sillness and Loe – 1964)  

Probing Pocket Depth  
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Clinical Attachment Level.  

 

Blood investigations done for diabetic patients: HbA1c levels. 

 

Method of gingival crevicular fluid collection: 

The sites for the collection of GCF were isolated with cotton roll to prevent contamination with saliva. 

Supragingival plaque was removed precautiously using hand scaler to avoid bleeding from the sites of interest. 

Pooled GCF collection was done by extracrevicular method in maxillary and mandibular teeth of study subjects 

with the help of calibrated volumetric micro capillary pipettes. A standard volume of 6µl of pooled GCF was 

collected in capillary pipette. 3 µl of GCF was collected in a capillary pipette separately for assessment of NRF2 

and MDA from each participant. Later the GCF obtained was transferred to Eppendorf Safe-Lock Tubes and the 

samples were kept under cold storage of -800 C until samples were transported to the laboratory for assessment. 

Assessment of NRF2 was done by NRF2 ELISA kit and assessment of MDA was done by MDA ELISA kit 

 

Materials provided by the laboratory: 

1.  Microtiter Plate Reader able to measure absorbance at 450 m 

2.  Adjustable pipettes and multichannel pipettor to measure volumes ranging from 25 ul to 1000 ul 

3.  Deionized (DI) water 

4.  Wash bottle or automated microplate washer 

5.  Graph paper or software for data analysis 

6.  Timer 

7.  Absorbent Paper 

8.  MDA and NRF2  ELISA kits 

 

Laboratory method of ELISA testing for NRF2 

Assay Procedure: 

Step 1:  50 ul prepared standards were added to respective standard wells. 

Step 2:  40 ul Samples were added to respective sample wells. 
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Step 3:  10 ul Biotinylated NRF2 antibody was pipetted to respective sample wells. 

Step 4:  50 ul Streptavidin:HRP Conjugate were pipetted to all wells and mixed well. 

Step 5:  Plates were covered with a sealer and incubated for 60 minutes at 37°C. 

Step 6:  Plates were aspirated and washed 4 times with diluted Wash Buffer (1X) and residual buffer was blotted 

by firmly tapping plate upside down on absorbent paper. 

Step 7 : 100 ul TMB Substrate was Pipetted to all wells 

Step 8: The plates were incubated at 37°C for 10 minutes. All the wells turned out to be changed from clear to 

bluish in color. 

Step 9: 100 ul of Stop solution was pipetted to all wells and all the wells turned from blue to yellow in color. 

 The absorbance at 450 nm with a microplate within 10-15 minutes after addition of Stop solution was recorded. 

 

Laboratory method of ELISA testing for MDA 

Assay Procedure: 

Step 1:  50 ul prepared standards were added to respective standard wells. 

Step 2:  40 ul Samples were added to respective sample wells. 

Step 3:  10 ul Biotinylated MDA Antibody was pipetted to respective sample wells. 

Step 4:  50 ul Streptavidin:HRP Conjugate were pipetted to all wells and mixed well. 

Step 5:  Plates were covered with a sealer and incubated for 60 minutes at 37°C. 

Step 6:  Plates were aspirated and washed 4 times with diluted Wash Buffer (1X) and residual buffer was blotted 

by firmly tapping plate upside down on absorbent paper. 

Step 7 : 100 ul TMB Substrate was pipetted to all wells 

Step 8: The plates were incubated at 37°C for 10 minutes. All the wells turned out to be changed from clear to 

bluish in color. 

Step 9: 100 ul of Stop Solution was pipetted to all wells and all the wells turned from blue to yellow in color. 

The absorbance at 450 nm with a microplate within 10-15 minutes after addition of Stop solution was recorded. 
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Colour plate: 2  Group 2 -  Chronic periodontitis patients 

Colour plate: 1  Group 1- Healthy participants 

COLOUR PLATES 
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Colour plate: 3  Group 3 -  Chronic periodontitis with diabetes mellitus patients 

Colour plate: 4 - Armamentarium 
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Colour plate: 5 – GCF collection using microcapillary tube 

Colour plate: 6 – Adding standards and GCF samples in microtiter plate 
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RESULTS 

 

The present study was carried out involving 90 subjects visiting the Department of Periodontics and 

Implantology, S.D.M College of Dental Sciences and Hospital, Dharwad. 30 patients were allocated in each 

group but during analysis, 6 vials were consumed for standardization of the ELISA test. Therefore, the total 

number of samples that were examined were, 24 in healthy group and 30 samples in chronic periodontitis and 

chronic periodontitis with diabetes group each. 

 

In the present study both male and females were included. A total of 57.47 % of study population were males 

and 42.53 % were females. Comparison of three groups with gender was done using Chi square test (table 1) 

and have shown no statistically significant difference among the three groups (p=0.0880). Bar graph 

representation is shown in figure 1 

 

In the present study individuals from 18-60 years were included. The maximum study population was between 

the age of 20-50 years. Mean age of healthy group was 30.7 years, whereas for chronic periodontitis and chronic 

periodontitis with diabetics group was 40.43 and 49.13 respectively. Comparisons of mean age between the 

three groups was done using one way ANOVA test which have shown the difference in age between 3 group to 

be statistically significant. (p=0.0001*) as shown in table 2 and represented as bar graph in figure2. 

 

MDA levels have shown to be least in healthy group with a mean of 7.19 pg/ml when compared to chronic 

periodontitis group, which had a mean MDA concentration of 16.02 pg/mg and chronic periodontitis with 

diabetes group, which had highest concentration values among all three groups, with a mean of 25.82 pg/ml. 

This can be interpreted as diabetic with chronic periodontitis had higher oxidative stress marker in the GCF 

when compared to healthy and chronic periodontitis group. Comparison of three groups with MDA levels were 

done by using Kruskal Wallis ANOVA test (table:3). MDA levels were different between the groups and the 

difference was statistically significant. Pair wise comparison of three groups (Healthy, Chronic periodontitis 

and CP with Diabetes mellitus) of MDA levels were carried out by Mann-Whitney U test (table:4) and have 
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shown that the MDA levels in chronic periodontitis with diabetes mellitus were higher in comparison with 

chronic periodontitis and healthy group and were statistically significant. MDA levels were higher in chronic 

periodontitis with diabetes mellitus group when compared to healthy group and the difference was statistically 

significant. ( p<0.05)  This has been demonstrated in bar graph (Fig:3)  

 

NRF2 concentration in GCF was found to be highest in chronic periodontitis group (with a mean of 16.72 pg/ml) 

when compared to healthy (with a mean of 2.79 pg/ml) and chronic periodontitis with diabetic group (with mean 

of 12.87 pg/ml).  NRF2 levels differ statistically significantly when comparative analysis was done between three 

groups by  Kruskal Wallis ANOVA (table:5). Pair wise comparison of NRF2 levels in three groups (Healthy, 

Chronic periodontitis and CP with Diabetes mellitus) was carried out by Mann-Whitney U test (table:6) and have 

shown that the NRF2 levels were higher in chronic periodontitis group when compared to healthy and chronic 

periodontitis with diabetes mellitus group and the difference was statistically significant. NRF2 level was although 

higher in chronic periodontitis with diabetes mellitus group when compared to levels in healthy group and the 

difference was statistically significant.  NRF2 level of chronic periodontitis with diabetes mellitus group was less 

than NRF2 levels in chronic periodontitis group. and the difference was statistically significant (p= 0.0001) . This 

data is represented in bar graph (Fig 4) 

A negative Correlation between MDA and NRF2 levels were seen in all three groups. Strongest negative 

correlation was seen in chronic periodontitis with diabetic group when compared with healthy and chronic 

periodontitis group when Spearman’s rank correlation coefficient test was applied. Although a negative 

correlation was seen between MDA and NRF2 among all the three groups, it was not statistically significant in 

either of groups. (table:7)  
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Table 1: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with gender 

Gender Healthy % Chronic 

periodontitis 

% CP with 

Diabetes 

mellitus 

% Total % 

Male 14 51.85 14 46.67 22 73.33 50 57.47 

Female 13 48.15 16 53.33 8 26.67 37 42.53 

Total 27 100.00 30 100.00 30 100.00 87 100.00 

Chi-square=4.8700, p=0.0880 

 

 

Figure 1: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes) with gender 
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Table 2: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with mean 

age by one way ANOVA 

Diabetes mellitus Min Max Mean SD SE 

Healthy 20.00 41.00 30.07 6.78 1.31 

Chronic periodontitis 21.00 59.00 40.43 11.67 2.13 

CP with Diabetes mellitus 26.00 60.00 49.13 9.07 1.66 

F-value 28.7938 

p-value 0.0001* 

Pair wise comparisons by Tukeys multiple posthoc procedures 

Healthy vs Chronic periodontitis P=0.0003* 

Healthy vs CP with Diabetes mellitus P=0.0001* 

Chronic periodontitis vs CP with Diabetes mellitus P=0.0018* 

*p<0.05 

Figure 2: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with mean 

age 
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Table 3: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with MDA 

levels by Kruskal Wallis ANOVA 

Diabetes mellitus Min Max Mean SD Median IQR Mean rank 

Healthy 0.30 13.70 7.19 4.52 6.80 4.18 17.23 

Chronic periodontitis 5.30 43.10 16.02 7.70 13.80 2.90 41.95 

CP with Diabetes mellitus 10.00 55.70 25.82 9.65 23.45 4.50 63.27 

H-value 47.5285 

P-value 0.0001* 

*p<0.05 

Table 4: Pair wise comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) 

with MDA levels by Mann-Whitney U test 

Groups Mean SD Median IQR Mean rank Z-value p-value 

Healthy 7.19 4.52 6.80 4.18 16.50   

Chronic periodontitis 16.02 7.70 13.80 2.90 36.30 -4.5869 0.0001* 

Healthy 7.19 4.52 6.80 4.18 13.23   

CP with Diabetes mellitus 25.82 9.65 23.45 4.50 38.92 -5.9535 0.0001* 

Chronic periodontitis 16.02 7.70 13.80 2.90 21.15   

CP with Diabetes mellitus 25.82 9.65 23.45 4.50 39.85 -4.1396 0.0001* 
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Figure 3: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with MDA 

levels 

 

Table 5 : Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with NRF2 

levels by Kruskal Wallis ANOVA 

Diabetes mellitus Min Max Mean SD Median IQR Mean rank 

Healthy 0.80 8.30 2.79 1.63 2.30 1.20 14.07 

Chronic periodontitis 10.90 29.00 16.72 4.57 16.00 2.25 66.33 

CP with Diabetes mellitus 7.80 18.90 12.87 2.47 12.65 1.20 48.60 

H-value 62.3711 

P-value 0.0001* 

*p<0.05 
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Table 6: Pair wise comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) 

with NRF2 levels by Mann-Whitney U test 

Groups Mean SD Median IQR Mean rank Z-value p-value 

Healthy 2.79 1.63 2.30 1.20 14.00   

Chronic periodontitis 16.72 4.57 16.00 2.25 42.50 -6.4648 0.0001* 

Healthy 2.79 1.63 2.30 1.20 14.07   

CP with Diabetes mellitus 12.87 2.47 12.65 1.20 42.43 -6.4328 0.0001* 

Chronic periodontitis 16.72 4.57 16.00 2.25 39.33   

CP with Diabetes mellitus 12.87 2.47 12.65 1.20 21.67 3.9105 0.0001* 

*p<0.05 

Figure 4: Comparison of three groups (Healthy, Chronic periodontitis and CP with Diabetes mellitus) with NRF2 

levels 
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Table 7: Correlation between MDA and NRF2 levels in three groups (Healthy, Chronic periodontitis and CP with 

Diabetes mellitus) by Spearman’s rank correlation coefficient 

Samples  Correlation between MDA and NRF2 levels 

N Spearman R t-value p-value 

Healthy 24 -0.0587 -0.3701 0.7149 

Chronic periodontitis 30 -0.0344 -0.1290 0.8983 

CP with Diabetes mellitus 30 -0.0776 -0.3055 0.7622 

*p<0.05 

Figure 5: Scatter plot of correlation between MDA and NRF2 levels in three groups (Healthy, Chronic 

periodontitis and CP with Diabetes mellitus) 
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DISCUSSION 

 

The present study included 90 subjects who visited the Department of Periodontics and Oral Implantology, 

S.D.M College of Dental Sciences and Hospital, Dharwad. An ethical clearance was obtained from the 

institutional ethical committee. A signed written informed consent was obtained from all the subjects. The 

current study was done to detect, compare and correlate the levels of NRF2 levels and MDA levels in health 

and disease.  

 

MDA is one of the reliable biomarker of Oxidative stress. It is one of the major products of oxidative damage 

and can therefore provide the most direct assessment of oxidative stress.5,54 NRF2 transcription factor is essential 

for translation of antioxidant response element (ARE) gene which encodes for various antioxidants and 

cytoprotective factors including NRF2 itself.11,13 Therefore, MDA levels were analysed in GCF to evaluate the 

oxidative stress and the antioxidative role of NRF2 in periodontal tissues  

 

Malondialdehyde (MDA) is one of the secondary end product of lipid peroxidation which is the principal and 

most studied biomarker of oxidative stress.5 According to a systematic review by Chen et in 2018, they found 

an elevation of MDA level in GCF of CP group when compared with the periodontally healthy group and stated 

that MDA can be used as a reliable indicator of oxidative stress. It is the primary and most stable product of 

polyunsaturated fatty acid peroxidation.54 Hence in the present study MDA was taken as oxidative stress marker 

in GCF.   

 

In the present study MDA levels were significantly higher in chronic periodontitis group compared to healthy 

group. This indicates an increased oxidative stress condition in periodontal tissues when present in inflammatory 

state. Similar studies were done by Ghallab et al. (2016)75 and Atabay et al. (2017)76 where they had evaluated 

MDA levels in GCF of chronic periodontitis and aggressive periodontitis patients compared to healthy group. 

Both the studies demonstrated that GCF MDA levels were higher in patients with CP and AgP compared to 

periodontally healthy subjects and were statistically significant.75,76 
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A study done by Akalin et al in 2007, to evaluate levels of MDA and total oxidant status (TOS)  in serum, saliva 

and gingival crevicular fluid in chronic periodontitis group (CP) and have shown that lipid peroxides (LPO) 

significantly increased in the periodontitis patients. Also the total oxidative stress (TOS) concentrations in 

serum, saliva and GCF were also found to be significantly higher in the CP group compared with the healthy 

group.37 These findings are in accordance with previous studies done by Tsai CC in 2005 77, Miricescu D 

in201446 Cherian DA in 201978 which had also shown elevated levels of MDA in serum, saliva, GCF and 

gingival tissues of periodontitis patients compared to healthy. 

 

The possible reasons, as described in these study for increased oxidative stress in periodontitis could be 

primarily due to increased number of neutrophils in inflamed periodontal tissue as a part of innate immunity 

against pathogenic bacteria and their endotoxins.75 Secondarily, as per Sczeparik et al.4, the hyperactivated 

polymorphonuclear neutrophil phenotype appears to be associated with periodontal disease. This phenotype of 

neutrophils is characterized by overproduction of reactive oxygen species and causes exaggerated tissue 

response.75 This reason can also be justified as 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 as shown in the study done by Griffiths et al. in 2010. 42 

 

Diabetic patients were included in study as diabetes exerts deleterious effects on periodontium and is probably 

multifactorial. These deleterious effects were related to increased oxidative stress, compromised host defense, 

chronic systemic inflammation, vasculopathy, and impaired salivary secretion. MDA levels in the present study 

were highest in CP with DM group as compared to CP and healthy groups. Similar results were found in studies 

done by Chapple IL et al in 2009 39 and Vincent et al in 2018 64 , where there was increased level of MDA in 

DMCP group as compared to CP  and healthy group and the difference was statistically significant in these 

studies.39,64 Another study by Monea et al in 2014,48 where they had investigated for tissue levels of 

Malondialdehyde (MDA) and Glutathione (GSH) in patients with type 2 diabetes mellitus (T2DM) and 

systemically healthy adults with no periodontal disease. The results have shown that Diabetic subjects had 

higher MDA levels and reduced glutathione (GSH) levels in their periodontal tissues. The reason mentioned by 
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the author for this increased lipid peroxidation in T2DM , and decreased GSH tissue levels even in diabetic 

patients with  healthy periodontium was an alteration of the local antioxidant defense mechanism.48  These 

results can be justified as, the impaired glucose control may cause directly an increase of lipoperoxidation by 

insulinopenia-induced release of free radicals from metabolic pathways such as hexose monophosphate shunt, 

beta-oxidation of free fatty acids.80,81 Increase in MDA levels in diabetic patients can also be due to 

hyperglycemia-stimulated platelet aggregation which leads to lipoperoxides synthesis such as thromboxane A2 

and prostaglandins. 82 

 

Another mechanism of increased oxidative stress in diabetic patients can be attributed to hyperglycemia that 

causes dysfunction of mitochondrial electron transport chain and protein kinase C-dependent activation of 

NADPH oxidase which leads to increased ROS generation.8,12 Additionally, high glucose levels contribute to 

the production of advanced glycation end-products (AGEs). Binding to these AGE to their surface receptor 

RAGE leads to activation of NF-kb and thereafter induces pro-inflammatory condition and an increased 

oxidative status.12 The periodontal infections amplify the magnitude of macrophage response to AGE, leading 

to exaggerated pro-inflammatory response and increased oxidative stress in the periodontal tissues.8 As results 

obtained from our study have shown, highest levels of MDA in DMCP group, it can be explained as 

compensatory mechanism of the body that might get partially collapsed because of excessive production of free 

radicals in hyperglycemic condition and is not able to cope with increased free radical generation attributable to 

periodontitis, as explained earlier, thereby increases the prevalence and severity of periodontitis in diabetic 

patients.64 

 

The results of our study is similar to the study done by Trivedi et al 49 that have shown that MDA levels were 

significantly higher in diabetes mellitus with chronic periodontitis (DMCP) group as compared diabetes mellitus 

with healthy periodontium (DMHP) group and healthy group, but there was statistically insignificant difference 

in MDA levels between CP and DMCP groups in this study. The author explained this as increase in free radical 

activity might be equally scavenged by the antioxidant defense system of the body in both DMCP and CP 

patients. 49 
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Increase in oxidative stress can be due to compromised antioxidative defense mechanism. NRF2 is a key 

transcription factor that regulates a large group of antioxidant and detoxifying enzymes, as mentioned earlier. 

Its activation represents a crucial cellular defense mechanism in ameliorating oxidative damage.2 Down 

regulation of this transcription factor might be responsible of an exaggerated periodontal destruction.  

In the present study NRF2 levels were significantly higher in chronic periodontitis group as compared to healthy 

group and chronic periodontitis with diabetes group. The finding was similar to study done by Xumin Li et al 

in 2018 63, where the study demonstrated that both the mRNA and protein levels of NRF2 in the nuclei and 

cytoplasm were reduced in diabetic periodontitis group as compared to chronic periodontitis group.  Reason as 

mentioned by the author was that, NRF2 is a prominent player in supporting the structural and functional 

integrity of the mitochondria. The down regulation of NRF2 might be strongly linked to the mitochondrial 

abnormalities in diabetic periodontitis group. As mentioned by the author, that following oxidative stress, NRF2 

affects the mitochondrial ROS production, mitochondrial membrane potential, activity of mitochondrial electron 

transport chain complex I, and mitochondrial biogenesis. The consequence of which is unbalance oxidative 

status 63 

As per the result of our study, NRF2 levels were minimal in healthy subjects. This can be explained as, under 

basal or unstressed conditions, the amount of NRF2 is low due to its continuous sequestration by KEAP1 and 

subsequent proteasomal degradation by the 26 S proteasome. Whereas under stressed condition, the cellular NRF2 

levels are temporarily or constitutively increased upon exposure to toxicants and ROS, which disrupt the KEAP1-

NRF2 complex and lead to activation of NRF2. Activated NRF2 accumulates in the nucleus, where it interacts 

with other transcription factors and cofactors to regulate transcription of its target genes, which encoding proteins 

involved in the antioxidants, detoxification, inflammation and metabolism.17 

 

In our study MDA levels were higher in DMCP group as compared to CP group, the NRF2 levels in DMCP 

group was significantly lower than CP group, which indicates the imbalance in oxidant and antioxidant status 

in DMCP patients, with the balance tipping in favor of elevated oxidative stress. Similar findings, as seen in our 

study and the study done by Xumin Li et al., another study by Vincent et al in 2019 64 had also shown that 

among the CP and CPDM groups, GCF Total anti-oxidative capacity (TAOC) was lower in patients with CPDM 



56  

and the difference was statistically significant.  Also study done by Siewert et al. in 2013 83 have shown that 

T2DM patients had increased lipid peroxidation and lower NRF2 and HO-1mRNA in blood than healthy 

controls. This finding was justified by the author, as continuous oxidative stress may result in a reduced capacity 

in cells of T2DM patients to trigger NRF 2-dependent antioxidant response and therefore this might limit the 

secretion of various antioxidants.83 As stated by Siewert et al.83 in 2013, Lipid peroxidation in an acute state 

leads to the formation of a number of short-length electrophilic fatty acid-derivatives and lipid peroxides, which 

in lower levels are known to trigger NRF2 pathway activation and therefore synthesis of antioxidant proteins 

and other cytoprotective proteins. In chronic diseases, this effect seems to be diminished.  Therefore, in chronic 

diseases like periodontitis and DM, the antioxidative mechanism of NRF2 might be incapable of compensating 

the increased oxidative stress, which may be the responsible for an exaggerated tissue response in such 

conditions.83  
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CONCLUSION 

1. In the present study GCF was analysed for the presence of NRF2 using ELISA test. Both NRF2 and 

MDA were present in GCF.  

 

2. MDA was taken as an oxidative stress marker. Its levels were higher in chronic periodontitis with 

diabetic patients when compared to chronic periodontitis in systemically healthy patients which 

indicates a higher oxidative stress in these individuals.  

 

 

3. NRF2, which is a major cytoprotective transcription factor, it’s levels were found to be significantly 

lesser in GCF of chronic periodontitis in diabetic patients as compared to chronic periodontitis in 

systemically healthy group.  

 

4. There was a negative correlation present between NRF2 and MDA.  

 

 

5. This imbalance in the oxidative stress and antioxidant might predispose to severe periodontal tissue 

breakdown, likely through increased local oxidative damage in diabetic patients.  
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SUMMARY 

The present study was a cross sectional study conducted in SDM college of dental sciences and hospital, 

Dharwad in department of Periodontics and Oral Implantology. A total of 90 patients were included in 

study and a total of 3 groups were made. healthy group (n=30) chronic periodontitis group (n=30) and 

chronic periodontitis with diabetes mellitus group (n=30). A standard volume of 6µl of pooled GCF was 

collected in calibrated tubes by extracrevicular method. Assessment of NRF2 and MDA levels were done 

by ELISA test. The results have shown that the MDA levels (oxidative stress marker) were higher in 

chronic periodontitis with diabetes group patients as compared to chronic periodontitis and healthy group. 

Whereas NRF2 levels were significantly less in chronic periodontitis with diabetes group patients as 

compared to chronic periodontitis group but more than in healthy group. This suggests that the oxidative 

stress was evidently higher in chronic periodontitis with diabetes group which may be attributed to 

reduced antioxidative capacity of NRF2 in such individuals when compared to chronic periodontitis and 

healthy groups.  
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Probing pocket depth [PPD]: 
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Clinical attachment loss [CAL]: 
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