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ABSTRACT 

 

BACKGROUND: Chronic Periodontitis is an infectious disease resulting in 

inflammation within the supporting tissues of the teeth leading to progressive 

attachment loss and bone loss. Diabetes Mellitus is a known risk factor for 

periodontitis. Both Chronic Periodontitis and Diabetes Mellitus are associated with 

increased oxidative stress, leading to oxidative damage of DNA with formation of   

8-OHdG which is excreted in body fluids including GCF and saliva. Therefore it will 

be informative to evaluate the cumulative effect of Chronic Periodontitis and 

Diabetes Mellitus on the levels of 8-OHdG in GCF which is site specific. 

AIM: The aim of this study was to assess the change in gingival crevicular fluid 

(GCF) levels of 8-OHdG and glycosylated hemoglobin (HbA1c) three months after 

scaling and root planing (SRP), in Chronic Periodontitis patients with and without 

Type II Diabetes Mellitus. 

MATERIALS AND METHODS: This study was performed on 48 participants 

which included, 16 patients with Chronic Periodontitis (CP), 16 patients with 

Chronic Periodontitis and Type II Diabetes Mellitus (CP-D) and 16 systemically 

healthy individuals with clinically healthy periodontium who served as controls. The 

clinical parameters [Plaque Index (PI), Probing Depth (PD), Clinical Attachment 

Level (CAL), Bleeding on Probing (BOP%)] and biochemical parameters like 

HbA1c levels and GCF 8-OHdG levels were measured at baseline. All the patients 

except healthy controls were treated with SRP followed by evaluation of the above 

mentioned clinical and biochemical parameters after three months. 



RESULTS: Results showed that all the clinical parameters improved after SRP in 

CP-D and CP groups, with CP-D group showing a greater reduction in PI (P<0.05), 

PD (P<0.05), BOP% (P<0.05) and greater gain in clinical attachment level (P<0.05) 

when compared to CP patients and, this difference was statistically significant. As 

regards to the levels of 8-OHdG in GCF and HbA1c, CP-D patients showed a greater 

reduction, three months after SRP when compared to CP patients and this difference 

was statistically significant (P<0.05). 

CONCLUSION: From the results obtained, it was concluded that SRP reduces            

8-OHdG levels in GCF of CP and CP-D patients with significant reduction achieved 

in CP-D patients. The levels of HbA1c in serum were also significantly reduced in 

CP-D patients when compared to patients with CP, three months after SRP. Overall 

CP-D patients showed better response to SRP than CP patients. 

KEY WORDS:  

Scaling and root planing, 8-Hydroxy deoxy guanosine (8-OHdG), glycosylated 

hemoglobin (HbA1c), Chronic Periodontitis, Type II Diabetes Mellitus, Gingival 

Crevicular Fluid (GCF). 
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   Chronic Periodontitis is an infectious disease resulting in inflammation 

within the supporting tissues of the teeth, progressive attachment loss and bone loss.
1 

Periodontitis results due to destruction of supporting connective tissue in response to a 

variety of agents both of host and bacterial origin. The progression of this destructive 

disease depends on interaction between the host and dental plaque. Dental plaque 

harbours a number of microbial pathogens to which host cells respond by both 

cellular and humoral defence mechanisms.  

   Polymorphonuclear neutrophils (PMNs) constitute the primary cellular 

host response to dental plaque. Following plaque accumulation, there is an increase in 

PMNs both in the gingiva and in the gingival sulcus. Tissue infiltration by 

polymorphonuclear leukocytes and monocytes and subsequent phagocytosis, features 

a burst of cyanide insensitive (i.e., non-mitochondrial) O2 consumption, which may be 

10 or 20 times that of resting O2 consumption. Oxygen uptake in neutrophils and 

macrophages is due to the action of a plasma-membrane-bound flavoprotein 

cytochrome b245 Nicotinamide Adenine Dinucleotide phosphate dehydrogenase 

(NADPH) oxidase system that increases NADPH production via the hexose 

monophosphate shunt and generates superoxide anion radicals, hydrogen peroxide, 

hydroxyl radicals and hypochlorous acid. These molecules are all capable of 

damaging cell membranes and associated biomolecules.
2 

  Free radical mediated chain reactions leads to peroxidation of 

polyunsaturated fatty acids present in biological membranes. The products of lipid 

peroxidation are highly reactive and interact with proteins, RNA and DNA.
3
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   8-Hydroxy-deoxyguanosine (8-OHdG) is the most common product of 

oxidative DNA damage. It has been shown to increase in the body fluids and tissues 

of humans in various disorders such as neurodegenerative diseases, diabetes mellitus, 

cancer, chronic renal failure, atherosclerotic cardiovascular disease, rheumatoid 

arthritis and also with increase in age and in obesity.
4
 8-OHdG is also excreted in the 

oral fluids as a result of oxidative DNA damage in chronic periodontitis.
5
  

   Type II Diabetes Mellitus is a heterogeneous group of metabolic 

disorders characterized by variable degrees of insulin resistance, impaired insulin 

secretion and increased glucose production.
6
 Production of reactive oxygen species 

(ROS) and lipid peroxidation are increased in diabetic patients, especially in those 

with poor glycemic control.
7
 In poorly controlled Type II Diabetes Mellitus patients 

oxidative damage to DNA will be more, with increase in levels of 8-OHdG in oral 

fluids.
8
 

   Gingival crevicular fluid (GCF) is a serum derived exudate that 

originates from periodontal connective tissues and exit via the gingival crevice into 

the oral cavity. Various enzymatic and non-enzymatic biomarkers of both host and 

bacterial origin are present in GCF which makes it a potential diagnostic tool in 

assessing the biological state of the periodontium in both health and disease.
9
  

   As oxidative damage has been implicated in the pathogenesis of both 

Type II Diabetes Mellitus and periodontitis along with expression of 8-OHdG in oral 

fluids, this study aims to evaluate the effect of scaling and root planing on the levels 

of 8-OHdG in GCF and glycosylated haemoglobin in blood of Chronic Periodontitis 

patients with and without Type II Diabetes Mellitus.  
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AIM: 

To assess the change in gingival crevicular fluid (GCF) levels of 8-OHdG three 

months after scaling and root planing (SRP), in Chronic Periodontitis patients with 

and without Type II Diabetes Mellitus. 

OBJECTIVES:  

1) To determine and compare the levels of 8-OHdG in GCF of healthy controls and 

Chronic Periodontitis patients, with and without Type II Diabetes Mellitus at baseline 

and three months after SRP.  

2) To determine and compare the levels of HbA1c in Chronic Periodontitis patients 

with and without Type II Diabetes Mellitus, at baseline and three months after SRP. 

3) To assess the clinical changes three months after SRP, in Chronic Periodontitis 

patients with and without Type II Diabetes Mellitus. 
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OXIDATIVE STRESS AND PERIODONTITIS:  

  A free radical (FR) can be defined as any species capable of independent 

existence that contains one or more unpaired electrons, an unpaired electron being one 

that is alone in an orbital.
10

  

  Antioxidant is defined as ‘any substance that, when present at low 

concentrations compared with that of an oxidizable substrate, significantly delays or 

inhibits oxidation of that substrate’.
11

  

  Oxidative stress is defined as an imbalance between oxidants and antioxidants 

in favour of the oxidants, potentially leading to damage.
12

  

MECHANISM OF FREE RADICAL FORMATION: 

   Free Radicals are highly reactive and diverse species, capable of 

extracting electrons and oxidize a variety of bio molecules vital to cell and tissue 

function. They not only include oxygen free radicals, but also nitrogen and chlorine 

species.
2 

There are three possible means of FR formation:
2 

(A) Homolytic cleavage of the covalent bond of a normal molecule, with each 

fragment retaining one of the paired electrons. 

  A: B              A + B (electrically neutral FR) 

(B) Loss of a single electron from a normal molecule. 

  A + B:            A
.-
 + B

.+ 
("-" and/or "+" charged FR) 

(C) Addition of a single electron to a normal molecule otherwise called "electron 

transfer", quite common in biological systems. 

  A + e
-
            A

.-
 ("-" charged FR) 
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 Heterolytic fission does not produce FR but only ions, because the electrons of the 

covalent bond are retained by only one of the fragments of the parent molecule:  

A:B             A:
-
 + B

+  

Reactive oxygen species (ROS) formation: 

   Molecular oxygen (O2) is in a triplet ground state. It contains even 

number of electrons, two of them unpaired in its molecular orbitals. They have the 

same spin quantum number, i.e., they display parallel spins. When O2 oxidizes 

another atom (or molecule) by receiving a couple of electrons from it, both of them 

should be of parallel spin to fit into the space available in the orbitals. Each of the 

finally complete orbitals has a pair of electrons with antiparallel spin. 

   Molecular oxygen usually undergoes one-electron reduction at a time. 

When oxygen is reduced by a single electron the species formed is a superoxide 

anion, which is a FR: 

    O2 + e
-
             O2

.- 
 (Superoxide anion) 

   A "two-electron reduction" of oxygen would produce hydrogen 

peroxide, a ROS. The electron deficiency of the superoxide radical may be made up 

by the addition of a second electron to form peroxyl anion which interacts with two 

hydrogen ions resulting in hydrogen peroxide formation: 

   O2 + e
-
             O2

.- 
  

   O2
.- 

+ 2H
+            

    H2O2 

   Hydrogen peroxide may also be generated in biological systems 

through superoxide generating systems such as dismutation reaction in which the FR 

reactants give non-FR products. 
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   2O2 + 2H
+
              H2O2 + O2 

 

   Hydrogen peroxide plays a key role in free radical biochemistry. In the 

presence of transition metal ions, it can easily break down to produce the hydroxyl 

radical (OH
-
), one of the most reactive and damaging FR species. The further 

reduction of hydrogen peroxide to water, involves the addition of two further 

electrons, producing the harmful hydroxyl radical (the "three-electron reduction 

state"). This can occur in vitro by superoxide-driven Fenton reaction, or the metal 

(iron/copper) - catalyzed Haber-Weiss reaction. In these reactions, electrons are 

supplied by the oxidation of ferrous ions (Fe
2+) 

to ferric ions (Fe
3+

) or cuprous ions 

(Cu
+
)
 
 to cupric ions respectively (Cu

2+
), respectively.

13
  

   O2
.-
 + Fe

3+
 (or Cu

2+
)               O2 + Fe

2+
 (or Cu

+
) 

   H2O2 + Fe
2+

 (or Cu
+
)            OH

-
 + OH

.
 + Fe

3+
 (or Cu

2+
) 

   The "movement" of one of the unpaired electrons in a manner that 

alleviates the spin restriction yields singlet molecular oxygen or 
1
O2 (another ROS) 

generated in chemical as well as in biological systems, including medical 

conditions.
13 

   ClO
-
 + H202              Cl

-
 + H2O + 

1
O2 
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  Table 1:True radical and Reactive Oxygen Species and their symbols
14 

 

(Note - • to signify an unpaired electron and) or + to indicate the molecular charge, which 

may be positive or negative or indeed neutral (e.g. •OH).) 

  ROS is a collective term which includes oxygen derived free radicals 

(ODFR) such as superoxide radical (O2
.-
), hydroxyl radical (

.
OH), nitric oxide radical 

(NO
.
) species and non-radical derivatives of oxygen such as hydrogen peroxide 

(H2O2) and hypochlorous acid (HOCl). The presence of one or more unpaired 

electrons in the outer orbitals of oxygen derived FRs makes such species, especially 

the 
.
OH species, extremely reactive in nature.

15
 

   ROS are widely produced by phagocytes during the respiratory burst, 

but mitochondria also contribute to its production. Two percent of the O2 consumed 

by mitochondria is partially reduced by electrons which "leak" from electron carriers 

in the respiratory chain of healthy, intact mitochondria.
16

  

   Nohl et al., (1986)
17

 conducted an in-vitro study to evaluate the 

capabilities of ubisemiquinone and cytb566 in transferring electrons to molecular 

oxygen out of sequence of the normal pathway of respiration. The results of the study 

showed that autoxidation of redox cycling ubiquinone can be possible only in the 
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presence of protons and was difficult in the mitochondrial membrane which has an 

aprotic environment. It was also proved that O2
.
  release from mitochondria was 

related to the existence of low potential cytochrome b566. 

   Mitochondrial uncoupling magnifies the above phenomenon. Xanthine 

oxidase (XO)/Xanthine Dehydrogenase (XDH) appears to be a more sophisticated 

system. During, or as a consequence of ischemia, XDH is transformed into XO which 

operates the univalent oxidation of xanthine to uric acid, with concomitant production 

of O2
.-
. Arachidonic acid metabolism via prostaglandin (PGH) synthase and 

lipoxygenase also yields O2
.- 

. This occurs during the auto-oxidation of 

catecholamines.
18

 

Effect of free radicals and Reactive Oxygen Species on Nucleic Acids: 

   DNA and RNA are highly susceptible targets for both FR and ROS. 

Park et al.,(1992)
 19

 conducted an in-vivo study by analysing the lesions (adducts) of 

DNA and RNA in the urine of 344 outbred albino Fischer rats, fed with standard diet 

or nucleic acid free diet; urine and plasma of 20 healthy individuals on unrestricted 

diet and medium isolated from cultures of Escherichia coli. The adducts can be 

assayed as a measure of oxidative damage to DNA and RNA. Monoclonal antibody 

that recognizes 8-oxo-7,8-dihydro-2'-deoxyguanosine (oxo
8
dG;8-hydroxy-2' 

deoxyguanosine), a biomarker of oxidative damage to DNA, 8-oxo-7,8- 

dihydroguanine, and 8-oxo-7,8-dihydroguanosine from various biological fluids was 

isolated and its substrate binding properties were characterized for the preparation of 

immunoaffinity columns that greatly facilitate identification of these excised 

oxidative lesions. The results showed that oxo
8
-7,8-dihydroguanine was the principal 

repair product from oxo
8
dG in DNA of both eukaryotes and prokaryotes. The results 
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also estimated that 10
5
 oxidative lesions to DNA are formed and excised in an average 

rat cell per day.
 

   The removal of oxidative adducts in human cells appears to be very 

rapid. In lymphoblasts, the half-lives of H2O2-induced adducts ranged from 8.5 to 62 

min. In human respiratory tract epithelial cells, repair of some H2O2-induced adducts 

(for example, oxo
8
dG) is so rapid that only a narrow window of opportunity 

(approximately 30 min) exists for their detection. The heterogeneity of DNA adducts 

should be noted; in the same cell where oxo
8
dG may rapidly appear and disappear 

within an hour, thymine glycol and single-strand breaks may increase as a result of 

repair. Despite the most efficient and sophisticated cellular mechanisms, a finite 

fraction of massive damage would escape cellular repair leading to irreversible cell 

damage.
20

  

   Primary molecular sites for FR/ROS attack (mainly OH-) are the 

heterocyclic purinic and pyrimidinic bases or the ribosyl and deoxyribosyl moieties. 

The effects could be  

1) Sugar damage is initiated by hydrogen abstraction from one of the 

deoxyribose carbons, and the predominant consequence is eventual strand 

breakage and base release.  

2) Another alteration at the sugar moiety is a β to α inversion at the 19-carbon, 

which disrupts the β-DNA structure.  

3) Radical attack on the bases results primarily in OH addition to the electron-

rich double bonds, particularly the purine N-7–C-8 bond and the pyrimidine 5, 

6 bond.  

4) Hydrogen abstraction from thymine-methyl groups.  
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5) Attack at the DNA bases leading to as many as 50 base alterations.  

6) Another type of DNA damage mediated by iron in vivo is DNA protein cross-

links, e.g. thymine-tyrosine 

Among the oxidized purines, formamidopyrimidines and 7,8- dihydro-8-oxoguanine 

(8-oxo-Gua) have been widely studied; whereas among the pyrimidines, thymine 

glycol and its spontaneous hydrolysis products have been actively studied. 8-oxo-Gua 

is widely studied because of its highly mutagenic nature (it base pairs relatively well 

with adenine) and the relative ease of its isolation and quantification.
21

 

   Reactions at the sugar residue moiety lead to rupture of the 

phosphoribose backbone, a DNA strand breakage followed by release of both the base 

and the modified sugar. DNA strand breaks also leads to chromosome damage and 

can be assayed by chromosome and chromatid aberrations. Like proteins, nucleic 

acids can also be affected by interaction with secondary harmful species. For 

example, the hydroperoxide of linoleic acid (1 3-hydroperoxylinoleic acid) was found 

to cause guanine-site-specific double-stranded DNA breakage leading to 8-hydroxy-

2’-deoxyguanosine (8-OHdG) formation.
22

 

Synonyms of 8-hydroxy-2’-deoxyguanosine (8-OHdG): 8-oxo-2- deoxyguanosine 

(oxo
8
dG), 7,8-dihydro-8-oxo-2’deoxyguanosine (8-oxo-dG) and 8-oxo-7,8-dihydro- 

2’-deoxyguanosine (8-oxodG)
23

. 

Mechanism of formation of 8-OHdG: 

  Reactive oxygen species can attack the DNA, especially at the guanine, 

thymine and deoxyribose level with consequence over the replication process. One of 

the first modifications that the DNA suffers through the radical attack is its 

transformation due to the oxidation of deoxyguanosine (constituent of the DNA) and 
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the formation of 8-OHdG. The cells possess enzymes that can remove the radicals of 

8-OHdG, thus repairing the DNA. The continuous attack by reactive oxygen species 

cause permanent modification of the DNA with severe consequences on the 

physiology or even death of the target cells. 

 

 

                      

 

Fig. 1: Formation of 8-OHdG
24 

 

(ROS=reactive oxygen species; RNS=reactive nitrogen species) 

RELATION BETWEEN 8-OHdG AND PERIODONTITIS: 

   Takane et al., (2002)
25

 conducted a study to evaluate 8-OHdG levels 

in whole saliva of 78 patients with periodontitis, and also to assess the changes after 

initial treatment. Saliva samples were collected from 78 patients with untreated 

periodontitis and 17 healthy control subjects. Clinical parameters such as bleeding on 

probing (BOP), clinical attachment level (CAL) and probing depth (PD) were 

2-deoxy Guanosine 

8-hydroxy-2-deoxy Guanosine 

8-oxo-2-deoxy Guanosine 
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assessed along with the levels of 8-OHdG at baseline and 4 months after initial 

periodontal treatment in 15 chronic periodontitis (CP) patients. The results showed 

that, the mean value of 8-OHdG in the saliva of periodontally diseased subjects (4.28 

± 0.10 ng/ml) was significantly higher (P<0.01) than that of clinically healthy subjects 

(1.56 ± 0.10 ng/ml), and a significant decrease in salivary 8-OHdG level (1.80 ± 0.10 

ng/ml) was observed after therapy (P < 0.01). It was concluded that 8-OHdG levels in 

saliva reflects the status of periodontal health. 

   Sugano et al., (2003)
26

 conducted a study to assess the salivary levels 

of Streptococcus anginosus (S. anginosus) and 8-OHdG in patients with CP. S. 

anginosus was detected in 28 out of 38 (73.7%) subjects. The 8-OHdG level was 

significantly higher (P<0.05) in patients positive for S. anginosus (5.11 ± 1.20 ng/ml) 

than in patients negative for the bacterium (2.42 ± 0.28 ng/ml). A significant decrease 

in S. anginosus (P<0.01) from 1.76 ± 0.46 × 10
-2 

to 0.67 ± 0.24 ×10
-2 

was observed 
  

and 8-OHdG levels also significantly reduced (P<0.01) from 5.06 ± 1.01 to 2.05 ± 

0.51 ng/ml by four months after initial periodontal treatment. It was concluded that 

though there was a reduction in levels of S. anginosus and 8-OHdG after periodontal 

therapy, there was a statistically insignificant correlation (R
2
=0.00) between salivary 

levels of S. anginosus and 8-OHdG. 

   Sawamoto et al., (2005)
5
 conducted a study to assess the salivary 

levels of Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, 

Tannerella forsythia and 8-OHdG in patients with Chronic periodontitis. The salivary 

levels of 8-OHdG was 4.36 ± 0.18 ng/ml for Chronic Periodontitis patients and 1.48 ± 

0.08 ng/ml for healthy controls at baseline. At baseline the levels of 8-OHdG and P. 

gingivalis demonstrated a statistically significant correlation (P<0.01). Four months 
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after initial periodontal treatment statistically significant decrease was reported in the 

levels of 8-OHdG (P<0.01), P. gingivalis (P<0.01), PD (P < 0.01), and BOP%  

(P< 0.01). 

   Takane et al., (2005)
27

 conducted a study to determine the association 

between 8-OHdG in saliva and in GCF of teeth with a hopeless prognosis in 34 CP 

patients. Salivary levels of 8-OHdG were significantly higher in CP patients having 

periodontally-involved teeth (4.78 ± 0.14 ng/ml) with hopeless prognosis than in CP 

patients having teeth with hopeful prognosis (2.35 ± 0.18ng/ml). 8-OHdG was 

detected in the GCF of 44% of periodontally-involved teeth having hopeless 

prognosis (0.48 ± 0.04 ng/ml) whereas it was absent in the GCF of patients having 

teeth with hopeful prognosis. The levels of 8-OHdG in saliva, PD and BOP% showed 

a statistically significant reduction in patients having teeth with hopeful prognosis 

(P<0.01), by 6 months after initial periodontal therapy. The PD and BOP% showed a 

statistically significant reduction in patients having teeth with hopeless prognosis 

(P<0.05). It was concluded that periodontally involved teeth with hopeless prognosis 

were the major source of salivary 8-OHdG, and measurement of salivary 8-OHdG 

levels proved to be useful in identifying patients who had teeth with a hopeless 

prognosis. 

   Konopka et al., (2007)
28

 conducted a study to determine 8-OHdG 

concentration and to assess total antioxidant status (TAS) in gingival and peripheral 

blood from 26 patients with Aggressive Periodontitis (AP), 30 patients with CP, and 

control group comprising of 25 healthy volunteers. Significantly higher 8-OHdG 

concentrations were detected in the gingival bloodnof patients with either form of 

periodontitis (17.40 ± 7.10 ng/ml) than in the control group (10.71 ± 4.35 ng/ml). 
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Higher 8-OHdG concentrations were detected in the gingival blood of AP patients 

(20.36 ± 8.44 ng/ml), than in CP patients (14.52 ± 4.49 ng/ml). A significant positive 

correlation was also found between TAS levels in venous and gingival blood in all 

periodontitis patients (P=0.001) and in those with CP (P=0.009).
 

   Canakci et al., (2009)
29

 conducted a study to evaluate 8-OHdG levels 

in saliva and mitochondrial DNA (mt DNA) deletions in gingival tissue of 32 patients 

with CP and 32 healthy control subjects. The 5-kbp mtDNA deletion was detected in 

20 of the 32 periodontitis patients (62.5%), but was not detected in the healthy 

controls. The mean value of 8-OHdG in the saliva of the periodontitis patients with 

deleted mtDNA (5.01 ± 0.17 ng/ml) was significantly higher than in the patients with 

non-deleted mtDNA (1.61 ± 0.22 ng/ml) followed by (1.41 ± 0.12 ng/ml) healthy 

subjects. Statistically significant correlations were detected between salivary 8-OHdG 

levels and age (P < 0.05), probing depth (P < 0.01), and clinical attachment level 

(P<0.01).
 

   Canakci et al., (2009)
30

 conducted a study to evaluate 8-OHdG, 

malondialdehyde (MDA) levels, superoxide dismutase (SOD) and glutathione 

peroxidase (GPx) activities in whole saliva of 30 patients with CP and 30 

periodontally healthy controls. Higher levels of salivary 8-OHdG (4.24 ± 1.78 ng/ml) 

and MDA (7.35 ± 1.45 nmol/ml) were detected in periodontitis patients compared to 

the healthy controls (1.26 ± 0.77 ng/ml and 5.41 ± 1.13 nmol/ml respectively). There 

were significant negative correlations between levels of salivary 8-OHdG (P<0.01) 

and SOD and GPx activities as well as between salivary levels of MDA, SOD and 

GPx activities (P<0.01).
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   Su et al., (2009)
31

 conducted a study in 58 CP patients and 234 healthy 

controls to determine whether periodontitis is associated with increased oxidative 

damage to DNA, lipids, and proteins and modification of total antioxidant capacity 

(TAC) in saliva. Periodontal disease status was examined using the Community 

Periodontal Index of Treatment Needs (CPITN). It was observed that there were 

significantly higher levels of 8-OHdG (P = 0.0003), 8-epi-PGF2α (P < 0.0001) and 

carbonylated proteins (P < 0.0001) in saliva of the CP patients when compared with 

controls. 8-OHdG, 8-epi-PGF2α, and carbonylated proteins were negatively 

associated with CPITN (P=0.004, 0.02, and <0.0001 respectively). A positive 

correlation was observed between salivary TAC and periodontal disease status in the 

study group (P<0.0001). The results concluded that monitoring of salivary redox 

homeostasis can be used as an index or prognosticator of periodontal disease severity.
 

   Badea et al., (2010)
32

 conducted a study to evaluate levels of 8-OHdG 

in saliva of 85 CP patients and 49 healthy subjects and to determine the effect of 

scaling and root planing on salivary 8-OHdG levels in CP patients. The evaluation of 

the salivary level of oxidative stress was performed by assessing the salivary             

8-OHdG by Enzyme Linked Immunosorbent Assay (ELISA). The levels of 8-OHdG 

in healthy patients was between 1.20 - 1.85 ng/mL, and in patients with periodontitis 

the values before treatment were 3 - 7.50 ng/mL and decreased to 1.80 - 4.50 ng/mL, 

6 weeks after treatment. The results concluded that salivary levels of 8-OHdG can be 

used for diagnosis and to measure the outcomes of initial periodontal therapy in the 

treatment of Chronic Periodontitis.
 

   Sezer, Cicek and Canakci. (2012)
33

 conducted a cross sectional study 

on 20 CP patients, 20 chronic gingivitis (CG) and 20 healthy individuals (Controls) to 
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determine whether the level of 8-OHdG in saliva increases with the severity of 

periodontal destruction. It was found that the mean 8-OHdG level in the saliva of the 

periodontally diseased patients in the CP group (3.13 ± 0.22 ng/ml) was significantly 

higher (P<0.001) than control (1.56 ± 0.12 ng/ml) and CG (1.58 ± 0.13 ng/ml) groups. 

A statistically significant positive correlation was observed between the salivary 

levels of 8-OHdG and patients with CAL ≥ 3 mm (P<0.001). It was concluded that 

elevated salivary levels of 8-OHdG may be a marker for disease activity and it may 

indirectly reflect disease severity parameters such as CAL. 

   Dede et al., (2013)
34

 evaluated the effects of periodontal treatment on 

the GCF and salivary levels of 8-OHdG in 24 patients with CP and 24 periodontally 

healthy controls. GCF and saliva samples were collected at baseline, and at day 10, 1 

month and 3 months following initial periodontal therapy. Clinical periodontal 

measurements such as PD, CAL, Gingival Index (GI), BOP, and PI were also 

obtained at the same time intervals. The GCF levels of 8-OHdG were significantly 

higher in CP group (680.76±187.10 pg/ml) than in healthy patients (333.93±146.47 

pg/ml) and a significant decrease was noted in CP patients (319.0±124.0 pg/ml), 3 

months following initial periodontal therapy. Statistically significant positive 

correlations were observed among PI (P<0.01), GI (P<0.01), and BOP (P<0.01) 

values and 8-OHdG levels in GCF. No statistically significant correlation was 

observed between salivary 8-OHdG levels and PD (P>0.05) and CAL (P>0.05). The 

results concluded that, 8-OHdG GCF levels can be a reliable biomarker to detect 

DNA damage caused by oxidative stress and it reveals the severity of periodontal 

disease and the effect of periodontal therapy.
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   Chandra RV et al., (2013)
35

 conducted a study to verify the presence 

of oxidative stress by estimating the ROS levels in periodontal pockets ≥ 5 mm as 

compared to healthy sites and to evaluate the effect of lycopene as a locally delivered 

antioxidant gel on periodontal health and on the GCF levels of 8-OHdG in 31 CP 

subjects. In each subject, 4 teeth with periodontal pockets (one tooth in each quadrant) 

matched by similar pocket depths were chosen, among which, one site was chosen 

specifically for the pretreatment phase to serve as a point of comparison for ROS 

levels. In the pretreatment phase, the ROS levels in pockets ≥ 5 mm were measured 

by flow cytometry.  

   Three sites in each subject were randomly assigned to each of the 

following experimental groups: sham group (only scaling and root planing (SRP) was 

done); placebo group (local delivery of placebo gel after SRP) and lycopene group 

(local delivery of lycopene gel after SRP). Clinical parameters included non-invasive 

site-specific measures of the PI and modified gingival index (MGI) at the baseline and 

at the end of 2, 4, 12 and 24 weeks. The PD and CAL were recorded at the baseline 

(before SRP) and at the end of 12 and 24 weeks. 8-OHdG levels were assessed from 

GCF at the baseline (after SRP) and at the end of 1 and 12 weeks by ELISA. GCF 

samples were collected 30 minutes after SRP and before the placement of the 

medications. In all treatment groups PD and CAL showed statistically significant 

reduction at 24 weeks (P<0.001). At 12 weeks only the lycopene group showed 

statistically significant reduction (P<0.001) when compared to other groups. Pairwise 

comparison of the lycopene versus placebo as well as sham group showed that the 

lycopene group demonstrated a highly significant reduction in 8-OHdG levels only at 
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week 1 (P<0.001). The results concluded that locally delivered lycopene seems to be 

effective in reducing the measures of oxidative stress and periodontal disease.
 

   Caraiane et al., (2014)
36

 conducted a study to quantify interleukin-1 

(IL-1) and 8-OHdG in saliva, and to identify a possible correlation between the values 

of these biomarkers and the periodontal status of 10 healthy individuals, 8 gingivitis 

(G), 12 CP and 10 AP patients. Highest concentrations of salivary 8-OHdG and 

Interleukin-1 (IL-1) concentrations were found in patients with AP (8.81±2.64 ng/ml 

and 584.34±242.17 pg/ml) followed by CP (4.51±0.35 ng/ml and 46.55±40.34 pg/ml) 

and gingivitis (3.80±0.12 ng/ml and 40.19±18.21 pg/ml) with values being the lowest 

in healthy individuals (1.16±1.01 and 9.84±7.15pg/ml). High correlation between 8-

OHdG and PD was seen in patients with CP (P=0.0004, R=0.854) than those in 

patients with AP (P=0.0218, R=0.708). The study demonstrated that both 8-OHdG 

and IL-1 may be useful in assessing the health of the periodontium. 

   Villa-Correa et al., (2015)
37

 evaluated the prognostic value of salivary 

8-OHdG and Human Neutrophil Elastase/α1-Proteinase Inhibitor Complex (HNE/α1-

PI complex), as biomarkers of oxidative stress in 110 CP patients and 50 individuals 

with healthy periodontium (control group). It was found that significantly higher 

levels of salivary 8-OHdG and Human Neutrophil Elastase/α1-Proteinase Inhibitor 

Complex (HNE/α1-PI complex) were detected in the CP patients (17.35 ± 16.37 

ng/ml and 158.28 ± 72.99 ng/ml respectively) when compared to healthy controls 

(4.93 ± 4.49 ng/ml and 121.87 ± 61.74 ng/ml). They concluded that increased salivary 

levels of 8-OHdG and HNE/α1-PI complex may be strong/independent prognostic 

indicators of the amount and extent of oxidative stress-induced periodontal 

breakdown.
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   Fentoglu O et al., (2015)
38

 evaluated serum levels of malondialdehyde 

a lipid peroxidation marker and 8-OHdG in 18 patients with hyperlipidemia and 

Chronic Periodontitis (HLp), 18 periodontally healthy patients with hyperlipidemia 

(HL), 19 systemically healthy individuals with CP, and 19 systemically and 

periodontally healthy controls (Ch). The clinical parameters measured were PD, CAL, 

PI, GI, and BOP%. 8-OHdG, malondialdehyde, PD, CAL, and BOP% were 

significantly higher in the hyperlipidemic and CP group than the CP group. In the HL 

group, BOP% showed significant correlations with serum Total Cholestrol, TC/HDL-

C, and 8-OHdG levels (P<0.01, P<0.01, P<0.01, respectively). Also, serum MDA 

showed significant correlations with GI (P<0.01) and 8-OHdG (P<0.01) in the HL 

group. The results concluded that, increased levels of MDA and 8-OHdG seen in HLp 

patients can be attributed to increased oxidative stress associated with hyperlipidemia 

and periodontitis. 

   Grigorian et al., (2015)
39

 conducted a study to identify the correlation 

between salivary 8-OHdG levels and periodontal pocket depth, in 37 AP patients 

which included 20 patients with average periodontal pockets between 4 and 5 mm 

(PD 4-5) and 17 patients with periodontal pocket between 6 and 9 mm (PD 6-9), and 

17 healthy individuals as controls. The results show that there were highly significant 

statistical differences between the 8-OHdG levels in healthy and AP with 6-9 mm PD 

groups (P=0.0001) and also between 6-9 mm PD group and 4-5 mm PD group 

(P=0.0013). The difference in 8-OHdG levels in healthy controls and AP patients with 

4-5 mm PD was also statistically significant (P=0.039). The results concluded that 

salivary 8-OHdG can be used as an oxidative stress biomarker in the diagnosis and 

monitoring of Aggressive Periodontitis.
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   Hendek et al., (2015)
40

 conducted a case-control study to determine 

the effect of initial periodontal treatment on salivary, GCF and serum levels of          

8-OhdG, 4-Hydroxy Neonal (4-HNE) and glutathione peroxidase enzyme activity 

(GSH-Px) in 93 participants, which included 47 patients with CP (24 smokers and 23 

non-smokers) and 46 periodontally healthy individuals (23 smokers and 23 non-

smokers). Gingival crevicular fluid (GCF), serum and saliva samples were obtained, 

and clinical periodontal measurements such as PI, GI, PD, and CAL were recorded at 

baseline and at the first and third month after periodontal therapy. The results of the 

study demonstrated that, the level of 8-OHdG in GCF and saliva as well as 

glutathione peroxidase in saliva was found to be significantly higher in both 

periodontitis groups compared with the periodontally healthy groups (P=0.003, 

P<0.001 and P=0.003). 4-HNE was found to be significantly higher in smokers with 

periodontitis, than in periodontally healthy participants (P=0.001). After initial 

periodontal treatment, the levels of 8-OHdG in GCF and saliva were significantly 

decreased in both periodontitis groups (P<0.001). The results concluded that 8-OHdG 

levels in GCF and saliva can be used as a biomarker to detect DNA damage, and       

4-HNE levels in GCF can be used as a biomarker to detect lipid peroxidation caused 

by oxidative stress. 

   Kurgan et al., (2015)
41

 tested the sensitivity of liquid chromatography 

with tandem mass spectrometry (LC-MS/MS) in comparison to ELISA for the 

detection of 8-OHdG in saliva of 23 patients with chronic periodontitis before and 6 

weeks after periodontal treatment. Salivary levels of 8-OHdG decreased significantly 

after the non-surgical periodontal treatment (P<0.001). Statistically significant 

positive correlations were observed between clinical parameters (PI, GI, PD, CAL, 
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BOP); and levels of 8-OHdG evaluated using LC-MS/MS (P<0.001) and ELISA 

(P<0.001). It was concluded that LC-MS/MS is a reliable and sensitive method for 

evaluating salivary 8-OHdG levels to monitor the treatment response of periodontitis.
 

   Zamora-Perez et al., (2015)
42

 conducted a study to evaluate DNA and 

oxidative damage using buccal mucosa cells and whole saliva collected from 58 

subjects with CP, 42 subjects with AP and 60 periodontally healthy individuals who 

acted as controls. DNA damage was determined by counting micronuclei (MN) and 

nuclear abnormalities in exfoliated cells, including binucleated cells, cells with 

nuclear buds and karyolitic, karyorrhectic, condensed chromatin and pyknotic cells. 

The degree of oxidative stress was determined by quantifying 8-OHdG in whole 

saliva. 8-OHdG level was significantly high in patients with AP (P=0.001) than in CP 

patients, followed by controls.  Intergroup comparisons show that the frequencies of 

MN cells with nuclear buds, binucleated cells (CP: P=0.001; AP: P=0.02), condensed 

chromatin and karyorrhectic cells (P=0.001) were significantly higher in the CP and 

AP groups compared with the control group. In addition, the numbers of MN 

(P=0.001), cells with nuclear buds (P=0.001), binucleated cells (P=0.001) and 

condensed chromatin cells (P=0.03) were significantly higher in the AP group 

compared with the CP group. Statistically significant positive correlations (P=0.001) 

were observed between MN and 8-OHdG levels in CP patients and also with AP 

patients (P=0.003). 

   The results concluded that subjects with CP or AP exhibited an 

increase in the frequency of MN, NAs and 8-OHdG, which is directly related to DNA 

damage. It also showed a positive correlation between oxidative stress produced by 

periodontitis disease and MN.
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   Arunachalam et al., (2015)
43

 conducted a case control study, to 

evaluate the salivary levels of 8-OHdG in 30 individuals with clinically healthy 

periodontium and 30 CP patients. Periodontal status such as PI, GI, PD, CAL and 

salivary 8-OHdG levels were evaluated at baseline and one month following initial 

periodontal therapy in CP patients. The mean 8-OHdG level in the saliva of the test 

subjects (645.18 ± 84.91 ng/ml) was significantly higher than healthy individuals 

(527.23 ± 62.19 ng/ml) and they observed a statistically significant decrease in 8-

OHdG levels after initial periodontal therapy in CP group [532.18 ± 91.37 ng/ml, 

(P<0.05)]. A statistically significant correlation between the salivary levels of           

8-OHdG and GI in CP group (P<0.05) was also observed. The results concluded that 

elevated salivary levels of 8-OHdG can be a marker for disease activity, which 

indirectly reflects the disease severity parameters that aid in the diagnosis of CP and 

to monitor the effect of initial periodontal therapy on it.
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OXIDATIVE STRESS AND DIABETES MELLITUS: 

   Oxidative stress is defined as an imbalance between oxidants and 

antioxidants in favour of the oxidants, potentially leading to damage.
12

 In diabetes 

mellitus, oxidative stress is mainly caused by an increase in plasma free radical 

concentrations and a sharp reduction in antioxidant defence.
44

 Hyperglycemia, 

hyperinsulinemia and insulin resistance play a major role in increased free radical 

production.  

Hyperglycemia and Oxidative Stress 

   Hyperglycemia is a known cause for increased plasma free radical 

concentrations.
45

 Free radical production caused by hyperglycemia may occur through 

three different routes:  

1) Nonenzymatic glycation
46

  

2) Auto-oxidation of glucose
47

 and  

3) Intracellular activation of the polyol pathway.
48

  

   Ceriello A et al., (1997)
45

 stated that an acute increase in blood 

glucose concentration can impair physiological homeostasis in various systems in the 

living organism and antioxidants can oppose these effects.  

   Extracellular fluids lack protection by antioxidant enzymes, but 

contain several molecules that delay or inhibit the oxidative process. The majority of 

these molecules have multiple antioxidant properties, so that the total antioxidant 

capacity of the plasma is determined not only by the concentration of individual 

antioxidants but also by their synergy.
49

  

   More direct evidence comes from studies on total radical-trapping 

antioxidant parameter (TRAP). The TRAP value of human plasma is defined as the 
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number of moles of peroxyl radical that can be scavenged per dm
3
 of plasma. It is 

around 8 x 100
-4

 (800 µmol/dm
3
) and is largely determined by the plasma content of 

ascorbic acid, uric acid, and proteins such as albumin, whose -SH groups react with 

peroxyl radicals.
50

 

   An assay of TRAP had been conducted by Tsai et al., (1994)
51

 to 

evaluate plasma antioxidant capacity, a measure of the concentration of antioxidants 

and their mutual cooperation in reducing oxidative stress. Reduced TRAP activity has 

been reported in patients with Type I Diabetes Mellitus by Tsai et al., (1994)
51

 and in 

Type II diabetes Mellitus by Ceriello et al., (1997)
52

. 

   Ceriello et al., (1998)
53

 evaluated the impact of hyperglycemia on 

antioxidant status in 10 Type II Diabetic and 10 non-diabetic subjects. All patients 

underwent oral glucose tolerance test. During oral glucose tolerance test the plasma 

concentrations of protein-bound sulfydryl groups, vitamin C and uric acid, as well as 

TRAP decreased significantly in both healthy individuals and Type II Diabetes 

Mellitus patients who were hyperglycemic. The above finding confirmed that 

hyperglycemia provokes oxidative stress, which ultimately leads to depletion of 

antioxidant capacity. 

   Karim et al., (2005)
54

 examined the activity of superoxide (O2
–
)-

generating reduced nicotinamide adenine dinucleotide phosphate-oxidase complex 

(NADPH-oxidase) and protein kinase C (PKC) in neutrophils. 50 diabetic patients, 45 

nondiabetic healthy subjects and 6 patients with chronic periodontitis were enrolled in 

the study. Patients were grouped based on HbA1c levels and also by periodontal 

status. Periodontal status was evaluated based on radiographic findings (bone level as 

a percentage of total tooth length) and clinical attachment loss. Upon stimulation with 
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4β- phorbol 12-myristate 13-acetate or N-formyl-Met-Leu-Phe neutrophils from 

diabetic patients with moderate [HbA1c between 7.0% and 8.0%] or poor 

(HbA1c>8.0%) glycemic control released significantly more O2
-
 than neutrophils 

from diabetic patients with good glycemic control (HbA1c<7.0%) (P<0.05) and 

neutrophils from nondiabetic, healthy individuals (P<0.05). Depending on glycemic 

status, neutrophils from patients with moderate to poor glycemic control also 

exhibited increased activity of the soluble- and membrane-bound forms of PKC, 

elevated amounts of diglyceride and enhanced phosphorylation of p47-phox during 

cell stimulation. Out of 50 diabetic subjects that were evaluated, 23% showed 

moderate periodontitis and 39% had severe periodontal tissue destruction as assessed 

by clinical and radiographic analyses. In addition, they reported a significant 

correlation between glycemic control (HbA1c levels) and the severity of periodontitis 

in diabetic patients (r = 0.71, P<0.001), suggesting that enhanced oxidative stress and 

increased inflammation exacerbate both diseases.
 

Insulin Resistance and Oxidative Stress 

   Galvan et al., (1996)
55

 measured the effect of physiologic 

hyperinsulinemia on plasma concentrations of vitamin E. Isoglycemic clamps (at an 

insulin infusion rate of 6 pmol min 
-1

kg 
-1

) were performed in 12 Type II Diabetes 

Mellitus patients, 8 patients with essential hypertension, 11 non - diabetic obese 

individuals and in 12 healthy subjects. In 10 healthy volunteers, a time-controlled 

experiment was performed by replacing the insulin infusion with normal saline. 

Vitamin E and plasma lipid levels were determined at baseline and after 2 hours of 

insulin/saline infusion. Insulin sensitivity was reduced in diabetic, obese and 

hypertensive groups in comparison to healthy controls, but fasting plasma vitamin E 
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concentrations were similar in all groups. A consistent decrement in plasma vitamin E 

concentrations was observed in all subjects receiving insulin regardless of the level of 

insulin sensitivity, whereas no significant changes in plasma vitamin E were seen in 

subjects receiving saline infusion. The above findings convincingly support the 

hypothesis that insulin resistance is linked with oxidative stress. 

Effects of Oxidative Stress on Insulin Secretion and Action 

 

   Ammon et al., (1980)
56

 conducted an in vitro study in pancreatic islets 

isolated from rats, to examine the effect of glucose and exogenous insulin on GSH 

present in the islets of Langerhans. It was found that membrane-penetrating thiol 

oxidants impair insulin secretion and increase in extracellular glutathione or cysteine 

enhances the response of β cell to glucose. 

   Paolisso et al., (1994)
57

 conducted a study to investigate a possible 

relationship between plasma free radical levels (O2
-
) and insulin action in 30 Type II 

Diabetic patients, with 10 systemically healthy subjects as controls. In all subjects, 

fasting plasma free radical (O2-) levels and basal membrane lipid fluidity (MLF) and 

protein mobility (MPM) were determined. The whole group of subjects underwent a 

euglycemic hyperinsulinemic glucose clamp with simultaneous indirect calorimetry 

for substrate oxidation determination. Diabetic patients displayed higher fasting 

plasma glucose (P±0.001), O2- (P<0.03), and HbA1c (P<0.03) levels and a stronger 

reduction in basal MLF (P<0.003), basal MPM (P<0.002) and GSH/GSSG ratio 

(P<0.04), when compared to controls. In diabetic patients, a possible relationship 

between plasma free radical levels and insulin action was demonstrated by the 

presence of significant correlations between plasma  O2
-
  levels and the main 

metabolic parameters of insulin action, such as fasting plasma insulin (P<0.004), 
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whole-body glucose disposal WBGD (P<0.002) and nonoxidative glucose metabolism 

(P<0.0l). The results of the study concluded the fact that in Type II Diabetic patients, 

there seems to be a relationship between exaggerated plasma free radical production 

and poor insulin action.
 

  Tiedge et al., (1997)
58

 conducted an in vitro study on pancreatic islets 

isolated from rats and found that oxidative stress reduces insulin production by β cells 

as they are more susceptible to the effect of free radicals. 

   Increased oxygen radical production associated with a reduction in 

plasma antioxidants such as glutathione may have toxic effects on the structure of the 

plasma membrane structure or on the activity of β cells, contributing to impaired 

insulin action in diabetes.
59

 

RELATION BETWEEN OXIDATIVE STRESS AND GLYCEMIC 

REGULATION 

 

Fig. 2: Proposed model for the relation between oxidative stress and glycemic 

regulation 

Hyperglycemia and insulin resistance are typical features of Type II Diabetes Mellitus 

and may be accompanied by oxidative stress, which itself may produce decreased 

insulin secretion and impaired action. Therefore, it may be hypothesized that 
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oxidative stress represents the common pathway through which hyperglycemia and 

insulin resistance induce depressed insulin secretion and action.
60 

RELATION BETWEEN 8-OHDG AND DIABETES MELLITUS: 

   Dadona et al., (1996)
61

 conducted a study to estimate the oxidative 

DNA damage in mononuclear cells of 12 patients with Type I Diabetes Mellitus and 

15 patients with Type II Diabetes Mellitus by extracting DNA from mononuclear 

cells. 8-OHdG was assayed by High Performance Liquid Chromatography - 

electrochemical detection method (HPLC-ECD) and ROS by chemiluminesence. The 

results of the study showed that both Type I Diabetics and Type II Diabetics had 

higher levels of 8-OHdG in mononuclear cells than in healthy controls (P<0.001). The 

generation of ROS was also higher in diabetic patients when compared to healthy 

controls (P<0.001). The results also concluded that 8-OHdG in Type I Diabetes 

Mellitus patients was higher than in subjects with Type II Diabetes Mellitus patients 

(238.0 mV vs 101.3 mV).
 

  Leinonen J et al., (1997)
62

 investigated oxidative DNA damage in 

Type II Diabetes Mellitus patients who had been under medication for 9 years, by 

measuring the urinary levels of 8-OHdG. The total urinary excretion of 8-OHdG was 

estimated from 24 hour urine samples of 81Type II Diabetes Mellitus patients and 100 

non-diabetic control subjects, matched for age and gender. The results of the study 

showed that total 24 hour urinary excretion of 8-OHdG was markedly higher in 

NIDDM patients than in control subjects (68.2 ± 39.4 µg vs. 49.6 ± 37.7 µg, P=0.001) 

and higher levels of HbA1c were associated with increased urinary 8-OHdG levels 

(P=0.009). The author concluded that high urinary excretion of 8-OHdG was found in 
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Type II Diabetes Mellitus patients, especially in patients with poor blood glucose 

control.
 

  Hinokio et al., (1999)
63

 investigated the relationship between 

oxidative DNA damage and diabetic complications, by measuring the content of 8-

oxo, 2’- deoxyguanosine (8-oxodG) in the urine and blood mononuclear cells of 53 

Type II Diabetes Mellitus patients by HPLC-ECD. The results of the study showed 

that, the content of 8-oxodG in the urine (P<0.05) and in the mononuclear cells of 

Type II Diabetes Mellitus patients was significantly higher than the control subjects 

(P<0.0001). Urinary 8-oxodG excretion and the 8-oxodG content in the mononuclear 

cells of diabetic patients with complications were significantly higher than those in 

diabetic patients without complications (P<0.05). The results also showed a positive 

correlation between 8-oxodG content of urine and mononuclear cells, with HBA1c 

value (P<0.0001). The author concluded that that 8-oxodG in urine and mononuclear 

cells can serve as useful biomarkers for the evaluation of oxidative stress in diabetic 

patients.
 

  Suzuki et al., (1999)
64

 conducted a study to investigate the content of  

8-OHdG and to survey mitochondrial DNA (mtDNA) mutations in the muscle of 

diabetic patients. 22 Type II Diabetes Mellitus patients were included in the study of 

which, 14 patients had no muscular symptoms, 2 patients suffered from diabetic 

amyotrophy and 6 patients had myoatrophy along with chronic renal failure (CRF). 7 

age-matched subjects acted as healthy controls and 3 non diabetic patients with 

chronic renal failure were also included in the study. Muscle specimens were obtained 

from all patients. ΔmtDNA
4977

 (4977 bp-deleted mtDNA) was quantified by 

competitive PCR method and 8-OHdG was analyzed by High Performance Liquid 
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Chromatography - electrochemical detection method (HPLC-ECD). The results of the 

study showed that ΔmtDNA
4977

 was significantly higher in Type II Diabetes Mellitus 

patients (P<0.0001) and in Type II Diabetes Mellitus patients with CRF (P<0.001) 

when compared to healthy subjects. ΔmtDNA4977 of the Type II Diabetes Mellitus 

patients with CRF was significantly higher than that of the Type II Diabetes Mellitus 

patients without muscular symptoms (P<0.0001) and nondiabetic patients with renal 

failure (P<0.05). The content of 8-OHdG in the muscle DNA from diabetic patients 

with CRF was significantly higher than those in diabetic patients with 

macroalbuminuria (P<0.01), microalbuminuria (P<0.002) and normoalbuminuria 

(P<0.0002). The levels of 8-OHdG in the muscle DNA of diabetic patients with CRF 

was also significantly higher than those in healthy control subjects (P<0.0001) and 

non-diabetic patients with CRF (P<0.005). The results of the study concluded that          

8-OHdG and the ΔmtDNA4977 can serve as useful biomarkers for the evaluation of 

oxidative stress in diabetic patients.
 

  Sakuraba et al., (2002)
65

 conducted a study to examine pancreatic 

islet lesions in 29 Japanese patients, of which 14 were Type II Diabetic and 15 were 

healthy controls. Morphometric analysis was performed on autopsied sections of the 

tail portion of pancreas by immunostaining. Amyloid deposition, oxidative stress-

induced tissue damage, resistance to oxidative stress and expression of (pro) insulin 

mRNA were also evaluated in the sections. The results of the study showed that the 

volume density of β cells and total β cell mass in the islets reduced significantly in 

diabetic patients when compared to controls. (P<0.001 and P<0.05 respectively) 

Amyloid deposition was seen in 15% of islets of diabetics with intensified reactions 

for 8-OHdG and 4-HNE. Reduced expression of superoxide dismutase (SOD) was 
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also noted in diabetic patients. The results also showed an inverse correlation between 

beta cell volume and levels of 8-OHdG (P<0.01).
65

 

  Kakimoto M et al., (2002)
66

 conducted a study to evaluate the 

oxidative mitochondrial DNA (mtDNA) damage, accumulation and frequency of 

mtDNA with a 4,834-bp deletion in the kidneys of streptozotocin-induced diabetic 

rats. In addition, they evaluated the effect of intervention by insulin treatment on 8-

OHdG levels in mtDNA and the frequency of mtDNA with a 4,834-bp deletion in the 

kidneys of diabetic rats. 6 streptozotocin-induced diabetic rats and 6 age matched 

controls were included in study.  4,834-bp deleted mtDNA was evaluated by using 

PCR. At 8 weeks after the onset of diabetes, levels of 8-OHdG were significantly 

increased in mtDNA from kidney of diabetic rats but not in nuclear DNA. The results 

also showed that at the 8
th

 week, intervention with insulin treatment rapidly 

normalized renal 8-OHdG levels of diabetic rats, but did not reverse an increase in the 

frequency of deleted mtDNA.
 

  Dincer et al., (2002)
67

 conducted a study to investigate the relationship 

between glutathione (GSH) level, the level of formamidopyrimidine DNA glycosylase 

(Fpg) sensitive sites and the effect of glycemic control on oxidative DNA damage in 

63 patients who had Type II Diabetes Mellitus for more than 10 years. The control 

group consisted of 41 healthy individuals whose mean age was 50 ± 8 years. 6 ml of 

peripheral blood was collected from each subject, 2ml of the blood was used to 

determine Fpg-sensitive sites (to indirectly measure the oxidative DNA damage by 

comet assay), and another 2ml was centrifuged to obtain serum for glucose 

determination. The remaining 2ml was collected into EDTA coated tubes for analysis 
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of HbA1c by column chromatographic method. GSH levels were measured by using 

5, 5-dithiobis 2-nitro benzoic acid (DTNB) as sulfhydryl reagent.  

   The results of the study showed that GSH level was found to be 

significantly higher in the well-controlled diabetics (P<0.001) than in the poorly-

controlled diabetics. Fpg-sensitive sites were higher in the poorly-controlled diabetics 

than in the well-controlled diabetics and significantly higher in the well-controlled 

diabetics (P<0.001) than in the controls. Fpg-sensitive sites were negatively correlated 

with GSH (P<0.001), and positively correlated with glucose (P<0.01) and HbA1c 

(P<0.001) in the Type II Diabetic group. In the control group, number of Fpg-

sensitive sites correlated negatively with GSH (P<0.01) and positively with HbA1c 

(P<0.005). The results of the study concluded that decreased GSH level may be a 

contributory factor for enhanced oxidative DNA damage in Type II Diabetics; and 

chronic hyperglycemia derived from poorly-controlled diabetic conditions may induce 

oxidative DNA damage in these patients.
 

  Nishikawa et al., (2003)
68

 conducted a study to evaluate urinary 8-

OHdG as a marker for progression of microangiopathic complications in 96 patients 

with Type II Diabetes Mellitus. The result of the study showed that 8-OHdG -

creatinine ratio was 2.5 fold higher in patients with high HbA1c levels than in patients 

with normal HbA1c levels. Urinary 8-OHdG was also higher in patients with simple 

retinopathy (P<0.05) and advanced retinopathy (P<0.01), when compared to controls. 

Urinary 8-OHdG was also higher in patients with increased mean intima media 

thickness (P<0.005). The results of the study concluded that hyperglycemia 

independently increased urinary 8-OHdG in patients with Type II Diabetes Mellitus 
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patients and urinary 8-OHdG was also a useful marker in measuring the extent of 

microvascular as well as macrovascular complications. 

  Pan HZ et al., (2007)
69

 conducted a study to investigate the 

relationship of oxidative DNA damage with diabetes and diabetic nephropathy and to 

detect the oxidative DNA damage in 47 diabetic patients which included 25 patients 

without diabetic complications and 22 patients with diabetic nephropathy. 25 healthy 

subjects were used as controls. Serum 8-OHdG was determined by ELISA. Peripheral 

blood lymphocytes were analyzed by comet assay to detect DNA damage in 

individual cells. The results of the study showed that, the percentage of comet cells 

and the length of DNA migration (comet tail length) of peripheral blood lymphocytes 

were significantly increased in patients with diabetes and significantly higher in 

patients with diabetic nephropathy than in diabetic patients without vascular 

complications (P<0.05). There was a significant increase in serum 8-OHdG in 

diabetic patients when compared with healthy subjects (P<0.05). Serum 8-OHdG was 

much higher in patients with diabetic nephropathy than in diabetic patients without 

vascular complications (P<0.05). The results of the study concluded that there was 

severe oxidative DNA damage in diabetic patients, especially in patients with diabetic 

nephropathy.
 

  Al-Aubaidy et al., (2011)
70

 conducted a study to illustrate the 

relationship between oxidative DNA damage and obesity by estimating serum 
 

8-OHdG in 162 patients which included 8 prediabetic patients, 35 Type II Diabetes 

Mellitus patients, with the remaining patients being age, gender and weight matched 

healthy controls. The results of the study showed that serum 8-OHdG was 

significantly higher in Type II Diabetes Mellitus patients (P<0.001) and the 
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prediabetic patients (P=0.03) with significantly lower levels in control group. The 

results of the study also showed that serum 8-OHdG was significantly higher in obese 

(P<0.001) and overweight individuals (P=0.005) when compared with lean subjects. 

Significant positive correlation existed between 8-OHdG with body mass index and 

HBA1c (P<0.01), while a significant negative correlation existed between 8-OHdG 

and high density lipoprotein cholestrol (HDL-C) (P<0.01).
 

  Su H et al., (2012)
8
 conducted a study to evaluate concomitant levels 

of 8-OHdG, 8-epi-prostaglandin-2 α (8-epi-PGF2α) and protein carbonyls in 

unstimulated saliva procured from 215 diabetes patients of whom 81 individuals were 

diagnosed with Type I Diabetes Mellitus and 128 individuals with Type II Diabetes 

Mellitus. This study also ascertained the impact of pharmacotherapy and dietary 

control on the redox homeostasis in the saliva of patients with diabetes mellitus. The 

authors observed significantly higher mean levels of 8-OHdG and protein carbonyls 

in patients with diabetes compared to controls (P<0.001). Patients with Type II 

Diabetes Mellitus exhibited significantly higher log 8-OHdG levels than the controls 

(P<0.0001) and patients with Type I Diabetes Mellitus (P=0.047). Higher log 8-

OHdG levels were confined to patients receiving metformin (P=0.002) and patients 

on dietary control (P=0.08). No significant difference was found between patients 

with Type I Diabetes Mellitus and controls (P=0.36). The results of the study 

concluded that diabetes mellitus was associated with increased oxidative modification 

of salivary DNA and proteins. The results of the study also showed that salivary redox 

homeostasis was also perturbed in diabetes mellitus which may indicate the presence 

of disease and efficacy of therapeutic interventions. 
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EFFECT OF PERIODONTAL TREATMENT ON GLYCEMIC CONTROL  

   Grossi et al., (1997)
71

 conducted a study to evaluate the effect of 

periodontal treatment done with topical and systemic antibiotic on the level of 

glycemic control in 113 Native Americans suffering from periodontal disease and 

Type II Diabetes Mellitus. Periodontal treatment included ultrasonic scaling and 

curettage combined with one of the following antimicrobial regimens: 1) topical water 

and systemic doxycycline, 100 mg for 2 weeks; 2) topical 0.12% Chlorhexidine 

(CHX) and systemic doxycycline, 100 mg for 2 weeks; 3) topical 0.05% povidone-

iodine and systemic doxycycline, 100 mg for 2 weeks; 4) topical 0.12% CHX and 

placebo; and 5) topical water and placebo (control group). Periodontal parameters 

such as PI, GI, PD and CAL were assessed at baseline and at 3 and 6 months after 

treatment. A pooled subgingival plaque sample was collected from 4 sites with the 

deepest probing depths and assayed for the presence of Porphyromonas gingivalis (P. 

gingivalis) using Evalusite at baseline and at 3 and 6 months after treatment. Venous 

blood samples were collected at baseline and at 3 and 6 months after treatment, and 

assayed for fasting blood glucose and HbAlc. The results showed that, at 3 and 6 

months after treatment all study groups showed a reduction in plaque scores, gingival 

scores, and mean probing depth (P<0.01). The results also showed that at 3 months all 

3 doxycycline-treated groups showed a reduction in HbA1c to a level below 10%. The 

H20/doxycycline group showed a 0.94% reduction in HbAlc from pre-treatment value 

(P<0.04). This reduction equates to approximately 10% from the baseline HbA1c 

level. Both the CHX/doxycycline and povidone-iodine/doxycycline treated groups 

each showed a 0.51% reduction in levels of HbA1c compared to baseline (P<0.04). 

The results of the study concluded the fact that effective treatment of periodontal 
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infection and reduction of periodontal inflammation was associated with a reduction 

in level of HbAlc and also, the author emphasized on the fact that control of 

periodontal infections should be an important part of the overall management of 

diabetes mellitus patients.
 

  Stewart et al., (2001)
72

 conducted a clinical trial in 72 Americans with 

Type II Diabetes Mellitus, to compare the changes in glycemic control of a group of 

36 patients with Type II Diabetes Mellitus following periodontal therapy to a control 

group of 36 patients with Type II Diabetes Mellitus not receiving periodontal therapy. 

Patients in treatment group received therapy for adult periodontitis during an 18-

month period. All patients received oral hygiene instructions, followed by full mouth 

scaling, root planing and sub-gingival curettage performed under local anaesthesia. 

Teeth with periapical radiolucencies and sufficient periodontal destruction that 

deemed them to be unsalvageable were extracted. Seventy-five percent of the teeth 

extracted had severe periodontitis and 25% had periapical lesions due to caries.  

   All of the teeth designated for extractions due to periapical 

involvement also had moderate to severe periodontal disease. Subjects of both groups 

were stratified according to the method used to control hyperglycemia (i.e., diet, oral 

hypoglycemic medications, or insulin). The HbA1c levels for the treatment group 

decreased from 7.6 to 6.6 (16%), 9.4 to 7.7 (18%), and 10.3 to 8.4 (18%) for diet, oral 

hypoglycemic and insulin respectively. Statistically significant changes in HbA1c 

were seen in treatment group subjects receiving oral hypoglycemics (P=0.0005) and 

insulin (P=0.003). The HbA1c levels in the control group decreased from 7.7 to 6.8 

(13%), 8.1 to 7.4 (8.7%), and 9.5 to 8.5 (10%) for diet, oral hypoglycemic, and insulin 

respectively. The changes in the control group were statistically significant but less 
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when compared to treatment group. The results of the study concluded that 

periodontal therapy was associated with improved glycemic control in persons with 

Type II Diabetes Mellitus.
 

  Rodrigues et al., (2003)
73

 conducted a study to compare the changes 

in glycemic control in 30 Brazilians with Type II Diabetes Mellitus, of which 15 

patients undergone one-stage full mouth scaling and root planing in combination with 

amoxicillin/clavulanic acid (875 mg BD for two weeks) started 24 hours prior to the 

commencement of periodontal treatment (Group 1) and 15 patients undergone one-

stage full mouth scaling and root planing alone (Group 2). All patients received 

standard oral hygiene instructions before first session of SRP.  Periodontal parameters 

like BOP%, suppuration, PD and relative attachment level were recorded at baseline 

and three months following treatment. Blood samples were also taken at baseline and 

at the third month recall visit to monitor HbA1c and fasting glucose levels.  

   The results of the study showed that PD reduction of 0.8 ± 0.6 mm 

occurred in Group1 (P<0.05) and 0.9 ± 0.4 mm occurred in Group 2 (P<0.05) but 

there were no significant changes in clinical attachment level in both groups. 

Treatment reduced HbA1c levels in both groups (0.3 ± 1.6% reduction for Group 1 

and 1.2 ± 1.3% reduction for Group 2 but the reduction in Group 2 was statistically 

significant (P<0.05). The changes in the fasting blood glucose levels were not 

significant for both groups. The author concluded that periodontal therapy resulted in 

significant reduction in HbA1c levels with reduction being more in patients treated 

with full mouth SRP alone.
 

   Promsudthi et al., (2005)
74

 conducted an interventional study to 

examine the effect of periodontal therapy on glycemic control in 52 Thai individuals 
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with Type II Diabetes Mellitus. Patients aged 55–80 years (mean age = 61 years), 

with HbA1c 7.5–11.0% (mean ± s.d = 8.98 ± 0.88) and severe periodontitis were 

included in the study. Periodontal status was assessed at baseline and 3 months and 

included plaque scores, BOP%, PD and the distance from cemento-enamel junction to 

gingival margin (CEJ-GM) on all teeth present in the mouth at mesiobuccal, 

midbuccal, distobuccal, mesiolingual, midlingual, and distolingual areas.  

   Venous blood samples were collected at baseline and at 3 months and 

assayed for fasting plasma glucose (FPG) and HbA1c. Twenty seven patients included 

in the treatment group received periodontal treatment including oral hygiene 

instruction, and removal of supra and subgingival calculus. Each tooth was 

thoroughly scaled and root planed with ultrasonic and hand instruments in four 

sessions within 2 weeks. Subjects in this group received systemic doxycycline (100 

mg day) for 2 weeks, starting on the first session. Subjects in the control group 

received neither oral hygiene instruction and periodontal treatment nor systemic 

doxycycline nor placebo. In the treatment group periodontal parameters showed a 

significant decrease post treatment (P<0.05). In the treatment group HbA1c showed a 

decrease from 8.98 ± 0.88 % to 8.78 ± 1.24 (P>0.05) where as it increased from 9.17 

± 1.02 to 9.28 ± 1.50 % in control group. The results of the study had concluded that 

periodontal condition of older Thais with uncontrolled diabetes was significantly 

improved by 3 months after mechanical periodontal therapy with adjunctive systemic 

antimicrobial treatment, and the periodontal treatment resulted in decrease in HbA1c 

levels but not significant. (P>0.05)
 

  Kiran et al., (2005)
75

 conducted a study to investigate the effect of 

improved periodontal health on metabolic control in 44 Turkish individuals with Type 
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II Diabetes Mellitus. 22 subjects were allotted to control group and treatment group. 

The treatment group received full-mouth scaling and root planing whereas the control 

group received no periodontal treatment. Periodontal parameters such as PI, GI, PD, 

CAL, gingival recession (GR) and BOP% were recorded at baseline and at 1
st
 and 3

rd
 

month. Fasting plasma glucose (FPG), 2-hour post-prandial glucose (PPG), HbA1c, 

total cholesterol (TC), triglyceride (TG), HDL-cholesterol, LDL-cholesterol and 

microalbuminuria were analysed at baseline and at 3 months following the 

periodontal therapy. 

   The results of the study had showed that the mean HbA1c values were 

7.31 ± 0.74 for the treatment group and 7.00 ± 0.72 for the control group at the 

baseline. Both groups showed moderate metabolic control at baseline. The treatment 

group showed a reduction in HbA1c to 6.51 ± 0.80. This reduction equates to a level 

approximately 10.94% of the baseline HbA1c level. The control group showed 4.42% 

increases in levels of HbA1c compared with baseline whereas this was not found to be 

statistically insignificant (P>0.05) and the reductions in the HbA1c levels in the 

treatment group did last beyond the 3-month period. PD showed a statistically 

significant reduction by 3
rd

 month (P=0.005) in treatment group. PI, GI, BOP% also 

showed a statistically significant reduction by 3
rd

 month. The results of the study 

concluded that non-surgical periodontal treatment was associated with improved 

glycemic control in patients with Type II Diabetes Mellitus and could be undertaken 

along with the standard measures for the diabetic patient care.
 

  Jones et al., (2007)
76

 conducted a multi-centered, single-blind, 

randomized, controlled clinical trial to report 4-month results of the efficacy of 

periodontal care in improving the glycemic control in veterans with poorly controlled 
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diabetes. 165 American veterans with one or more HbA1c values >8.5% within the 

last 6 months included in the study were randomized into four study groups: 1. Early 

Treatment/4 months therapy: Early Treatment for 4 months (periodontal scaling and 

root planing until smooth root surfaces were achieved plus doxycycline [100 mg by 

mouth daily for 14 days] and chlorhexidine gluconate [CHX] rinses [30 cc, 0.12%, 

twice daily for 4 months]), then Usual Care. 2. Early Treatment/12 months therapy: 

Early Treatment continued for 12 months. Participants were seen every 4 months for 

periodontal scaling and root planing. No additional antimicrobials were used. 3) Usual 

Care/4 months therapy: Usual Care, then 4 months of treatment, then Usual Care. 4) 

Usual Care/12 months therapy: Usual Care, then 12 months of treatment as in group 

2. Primary outcomes were changes in HbA1c in the Early Treatment versus untreated 

(Usual Care) groups and percent of participants with decreases in HbA1c after 4 

months.  

   The results showed that the mean absolute HbA1c change in the Early 

Treatment group was - 0.65% versus - 0.51% in the Usual Care group (P=0.47). Usual 

Care subjects were twice as likely to increase insulin from baseline to 4 months (20% 

versus 11%, P=0.12) and less likely to decrease insulin (1% versus 6%, P=0.21) than 

Early Treatment subjects. They concluded that periodontal treatment showed no 

significant decrease in HbA1c after 4 months in early treatment group when compared 

to control group, but the frequency of insulin usage were decreased in early treatment 

group when compared to patients under usual care.
 

   
Singh S et al., (2008)

77
 conducted a study to evaluate the effect of 

periodontal treatment on levels of HbA1c in 45 Indian patients with Type II Diabetes 

Mellitus and generalized periodontal disease. 15 individuals received SRP (Group A), 
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15 individuals received SRP followed by systemic doxycycline 100 mg/day for 14 

days (Group B) and 15 individuals received no treatment which served as control 

(Group C). Periodontal parameters such as PI, GI, PD, CAL were recorded at 

baseline, at 1 month and at the end of 3 months in all participants. Metabolic 

parameters such as fasting blood glucose, postprandial blood glucose and HbA1c 

were recorded at baseline and at the end of 3 months. All periodontal parameters 

showed a significant reduction in Groups A and B (p=0.000). Mean HbA1c values 

showed a reduction of 0.7% (p=0.000) in Group B and 0.6% (p=0.000) in Group A. 

The results of the study concluded that periodontal treatment is associated with 

improved glycemic control in individuals with Type II Diabetes Mellitus and 

generalized periodontitis. 

  Katagiri et al., (2009)
78

 conducted a study to evaluate the effect of 

periodontal treatment with topical antibiotic therapy on levels of HbA1c and serum C 

- reactive protein (CRP) in 49 Japanese individuals with Type II Diabetes Mellitus 

and periodontal disease, and to explore the relationship between the CRP and HbA1c. 

Subjects were randomly allocated to either the periodontal treatment (intervention) or 

non-periodontal treatment (control) groups by the envelope method. In the 

intervention group, intensive periodontal treatment consist of mechanical debridement 

of the sub-gingival plaque and calculus performed using piezoelectric ultrasonic 

scalers, completed over course of four visit within 2 month and 10 mg of minocycline 

ointment was administered topically in every periodontal pocket at the end of each 

visit. The intensive periodontal treatment was completed over the course of four visits 

within 2 months. Control group participants received oral hygiene instructions 

depending on their individual needs.  
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   After the completion of intensive periodontal treatment, all participants 

were recalled to their respective medical and dental clinics at 1, 3 and 6 months. In the 

intervention group, additional periodontal treatment including instructions for 

brushing, supra- and sub-gingival debridement without topical administration of 

antibiotics was performed during the follow-ups. The results showed that, in the 

whole intervention group both PD and BOP% improved significantly at 1 month 

following the intensive periodontal treatment compared with those at baseline, and 

these improvements were maintained throughout the study period (P<0.01). In the 

control group, PD and BOP% were slightly reduced at 6 months compared with those 

at baseline. The HbA1c levels in the intervention and control groups were not 

significantly different at baseline (7.2 ± 0.9% in the intervention group vs. 6.9 ± 0.9% 

in the control group). A significant reduction in the HbA1c was observed in the 

intervention group (P<0.05) by one month postoperatively. The reduced HbA1c levels 

in the intervention group tended to continued thereafter. However, the reduction in the 

HbA1c levels at 3 or 6 months were not statistically significant compared with the 

baseline HbA1c. Based on the results of multiple regression analysis, the intervention 

group was subdivided into two groups: 1) patients in which hs-CRP levels decreased 

(CRP-D group), and 2) patients in which hs-CRP levels unchanged or increased 

(CRP-N group) and re-analysis was conducted based upon these subgroups. In the 

CRP-D subgroup, HbA1c was significantly reduced at the end of the study (P<0.05), 

but it did not decrease in the CRP-N subgroup. The decrease of HbA1c in the CRP-D 

subgroup following periodontal treatment was significantly greater than that in the 

CRP-N.
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  Santoz et al., (2009)
79

 conducted a study to evaluate the effect of full-

mouth scaling and root planing (FMSRP) versus partial-mouth scaling and root 

planing (PMSRP) on periodontal parameters in 36 Brazilian subjects with Type II 

Diabetes Mellitus and Chronic Periodontitis, at 3 and 6 months follow up and to 

assess the impact of the glycemic status on the clinical and metabolic response to non-

surgical periodontal therapy. Clinical parameters like PI, BOP%, presence or absence 

of spontaneous suppuration or suppuration on probing (SUP), PD and CAL were 

assessed at baseline and at 3 and 6 months post-therapy. Blood samples were taken 

from each subject at baseline and at 3 and 6 months post-therapy for measuring 

Fasting Plasma Glucose (FPG) and HbA1c. Test group (n=18) received FMSRP in 

which SRP was completed in two appointments, lasting 120 minutes for each 

appointment. SRP of all teeth was concluded within a maximum of 24 hours on two 

consecutive days. Control group (n=18) received PMSRP in which SRP was 

completed in four appointments, lasting 60 minutes each appointment. Treatment of 

all teeth was concluded in a maximum of 21 days. The sites were divided into three 

categories based on PD: shallow (≤ 3mm), intermediate (4 to 6mm), and deep (≥ 

7mm) sites. The results showed that FMSRP and PMSRP groups showed similar 

reductions in PD and CAL in all PD categories at 3 and 6 months post-therapy. For 

both groups, the initially deep sites had the greatest reduction in mean PD and CAL, 

followed by the intermediate and shallow sites. It was also observed that there were 

no statistically significant differences between FMSRP and PMSRP groups in the 

mean HbA1c and FPG levels at baseline and at 3 and 6 months post-therapy (P>0.05) 

and there were no changes in the HbA1c values from baseline to 3 months and to 6 

months for any therapeutic group (P>0.05). Subjects with good glycemic control had 
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a significant reduction in mean CAL at 6 months after SRP in FMSRP and PMSRP 

(3.1 ± 0.7mm versus 3.5 ± 0.8 mm). A statistically significant increase in mean FPG 

level was observed for the FMSRP group at 3 and 6 months and for the PMSRP group 

at 6 months after therapy. The results of the study concluded that FMSRP and 

PMSRP were equally effective in treating chronic periodontitis in subjects with Type 

II Diabetes, without significant improvements in the glycemic control at 3 and 6 

months. FMSRP as well as PMSRP in subjects with better-controlled diabetes 

exhibited a CAL gain at 6 months (P<0.05) compared to subjects with poorly 

controlled diabetes.
 

   Koromantzos et al., (2011)
80

 conducted a 6 month randomized, 

controlled clinical trial in 60 Greeks with moderate-to-severe periodontitis and Type 

II Diabetes Mellitus, to assess the effect of non-surgical periodontal therapy on their 

glycosylated hemoglobin (A1C) levels. Patients with A1C levels ranging from 7% to 

10% were included in the clinical trial. 30 patients were allocated to intervention 

group who received non-surgical periodontal therapy in the form of full-mouth SRP. 

SRP was done under local anaesthesia in two sessions, 1 week apart, with the use of 

an ultrasonic scaler and hand instruments, under local anaesthesia. 30 patients in 

minimal treatment group received periodontal prophylaxis at baseline, in the form of 

supragingival removal of all deposits with an ultrasonic scaler.  

   SRP was performed in the CG after the completion of the study. 

Periodontal parameters (BOP%, GI, PD and CAL) and A1C were evaluated at 1, 3 

and 6 months. All periodontal parameters improved significantly in the intervention 

group. A1C levels decreased statistically significantly more in the intervention group 

versus the minimal treatment group (0.72% versus 0.13%; P<0.01). The results of the 
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study had shown that periodontal treatment contributes to improved glycemic control 

in Type II Diabetes Mellitus.
 

  Moeintaghavi et al., (2011)
81

 conducted a randomized, controlled 

clinical trial to investigate the effect of nonsurgical periodontal therapy on metabolic 

control in forty Iranian subjects with Type II Diabetes Mellitus and Chronic 

Periodontitis. Patients with mean age of 50.29 years and mean HbA1c of 8.72 % were 

included in the trial. The treatment group (n=22) received full-mouth scaling and root 

planing, whereas the control group (n=18) received no periodontal treatment. 

Periodontal parameters were recorded at baseline (day 0) and three months later in 

both groups. Severity of periodontal disease was evaluated using GI, PI, CAL and PD. 

Venous blood samples were taken from each patient and analysed for fasting plasma 

glucose (FPG), HbA1c, triglyceride, total cholesterol, high density lipoprotein 

cholesterol (HDL) and low density lipoprotein cholesterol (LDL). Metabolic 

measurements were performed at baseline and three months later in both groups. The 

results of the study had shown that, from baseline to follow-up HbA1c levels 

decreased in the treated group (P=0.003). In the same time period FPG, GI, PD and 

CAL increased in the control group (P=0.016, 0.0, 0.0 and 0.004, respectively) but 

HbA1c did not change significantly (P>0.05). The author concluded that non-surgical 

periodontal therapy can effectively decrease FPG and HbA1c levels in moderate to 

poorly controlled diabetic patients. He also stated that periodontal therapy and follow-

up might be considered in the treatment plan of Type II Diabetes Mellitus patients, 

especially those who have poor metabolic control despite implementation of 

numerous medical interventions.
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  Sun et al., (2011)
82

 conducted a study to evaluate the effects of 

periodontal intervention on inflammatory cytokines, adiponectin, insulin resistance 

(IR) and metabolic control, and to investigate the relationship between Type II 

Diabetes Mellitus (T2DM) and moderately poor glycemic control and chronic 

periodontitis in 190 Chinese individuals with moderately poorly controlled T2DM 

(HbA1c between 7.5% and 9.5%) and periodontitis. The patients were subdivided into 

two groups who underwent periodontal treatment group (T2DM-T) and not undergone 

periodontal treatment (T2DM-NT). Periodontal intervention included oral hygiene, 

full-mouth scaling and root planning, periodontal flap surgery when indicated, 

extraction of hopeless teeth and restoration of balanced occlusion.  

   Antibiotics (Tinidazole 1.0 g, bid. and ampicillin 0.25 g, qid.) were 

prescribed for 3 days before and after periodontal intervention. All periodontal 

interventions were performed by one periodontist. Periodontal parameters PD, 

attachment loss (AL), sulcus bleeding index (BI) and PI were measured at baseline 

and by three months after periodontal treatment. The levels of serum adiponectin, C-

reactive protein (CRP), tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), lipid 

profile, glucose, insulin, homeostasis model of assessment - insulin resistance 

(HOMA-IR) and homeostasis model assessment of β-cell function (HOMA- β) were 

measured at baseline and after 3 months after periodontal treatment. The levels of 

clinical parameters such as PD, AL, SBI and PI were improved significantly in 

T2DM-T group after 3 months compared to T2DM-NT group (P<0.01). After 3 

months, the serum levels of CRP, TNF-α, IL-6, fasting plasma glucose (FPG), 

HbA1c, fasting insulin (FINS) and HOMA-IR index decreased in T2DM-T group 

(P<0.01) compared to those in the T2DM-NT group (P<0.05). Adiponectin was 
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significantly increased in T2DM-T group (P<0.01) compared to those in the T2DM-

NT group (P<0.05). Reduction in HbA1c (%) in non-intervention group after 3 

months was 0.14 ± 0.12 %, where as in intervention group it was 0.50 ± 0.18 % 

(P<0.01). The results concluded that periodontal intervention can improve glycemic 

control, lipid profile and IR, reduce serum inflammatory cytokine levels and increase 

serum adiponectin levels in moderately poorly controlled T2DM patients.
 

  Chen et al., (2012)
83

 conducted an intervention study which evaluated 

the effects of periodontal treatment on clinical response, systemic inflammatory 

parameters, and metabolic control in 134 Chinese patients with Type II Diabetes 

Mellitus and Chronic Periodontitis. Patients were randomly allocated into two 

treatment groups and one control group. In treatment group 1 non-surgical periodontal 

treatment was performed at baseline and additional subgingival debridement at the 3-

month follow-up. Patients in treatment group 2 received non-surgical periodontal 

treatment and supragingival prophylaxis at the 3-month follow-up, and those in the 

control group received no intervention throughout the study. All participants were re-

examined at 1.5, 3, and 6 months after initial treatment. At each visit, periodontal 

examinations were conducted and blood samples were taken to evaluate high 

sensitivity C-reactive protein (hsCRP), tumor necrosis factor- α (TNF- α), HbA1c, 

fasting plasma glucose (FPG), and lipid profiles. In both treatment groups, PI and 

BOP decreased significantly at 1.5 months after the non-surgical periodontal 

treatment, and these improvements were maintained throughout the study period. In 

the control group, PI and BOP declined significantly at 1.5 months compared to 

baseline values (P<0.05). Comparisons among groups showed that PI and BOP in 

both intervention groups were significantly lower than those in the control group at 



REVIEW OF LITERATURE 
 

 48 
 

1.5 months (P<0.05). The percentage of sites with PD = 4 to 5mm and PD ≥ 6 mm 

declined significantly over time in both treatment groups (P<0.05), whereas it did not 

change significantly in the control group throughout the study period (P>0.05). A 

significant reduction in HbA1c was seen at 6 months in treatment group 2 (P<0.05) 

but not in treatment group 1 or the control group (P>0.05). Compared to the control 

group, both therapeutic groups had significantly lower hsCRP at 6 months (P<0.05), 

with no significant difference between them (P>0.05).
 

  Engbreston et al., (2013)
84

 conducted a 6-month, single-masked, 

multicenter, randomized clinical trial to determine whether the nonsurgical 

periodontal treatment reduces levels of HbA1c in 514 Americans with Type II 

Diabetes Mellitus and moderate to advanced Chronic Periodontitis. 257 patients were 

included in treatment group and they received scaling and root planing plus 

chlorhexidine oral rinse at baseline and supportive periodontal therapy at 3 and 6 

months. 256 patients were included in the control group and they received no 

treatment for 6 months. Primary outcomes measured were difference in change in 

HbA1c level from baseline to 6 months between groups. Secondary outcomes 

measured were changes in PD, clinical attachment loss, BOP%, GI, fasting glucose 

level, and Homeostasis Model Assessment (HOMA2) score between groups. The 

results of the study had showed that at 6 months, mean HbA1c levels in the 

periodontal therapy group increased 0.17% (SD, 1.0), compared with 0.11% (SD, 1.0) 

in the control group, with no significant difference between groups (P=0.55). 

Periodontal parameters improved in the treatment group compared with the control 

group at 6 months, with adjusted between-group differences of 0.28mm (95% CI, 0.18 

to 0.37) for PD, 0.25mm (95% CI, 0.14 to 0.36) for clinical attachment loss, 



REVIEW OF LITERATURE 
 

 49 
 

13.1%(95% CI, 8.1% to 18.1%) for BOP%, and 0.27 (95% CI, 0.17 to 0.37) for GI 

(P<0.001 for all). The results concluded that nonsurgical periodontal therapy did not 

improve glycemic control in patients with Type II Diabetes Mellitus and moderate to 

advanced Chronic Periodontitis.
 

   Nassar et al., (2014)
85

 conducted a study in Brazilian population to 

evaluate the effectiveness of conventional periodontal treatment with scaling and root 

planning plus mechanical control (group1, n=20) and one-stage full-mouth 

disinfection plus mechanical control (group 2, n=20) on clinical parameters and 

glycemic control in Type II Diabetes Mellitus patients with chronic periodontitis. The 

analysis of PD, CAL, BOP% and HbA1c was carried at 0, 3 and 6 months in both 

groups. The results of the study had showed that PD was maintained from the initial 

period up to the 3-month period and a non-significant reduction was found after 6 

months in group 1 (from 2.5 ± 0.8 to 2.5 ± 0.2 to 2.3 ± 0.3), while in group 2 a 

statistically significant reduction (P<0.05) was found only from the initial period up to 

the 3- month period and from 3 to 6 months there was a non significant increase (from 

2.3 ± 0.7 to 1.8 ± 0.6 to 1.9 ± 0.3). Regarding CAL non-significant reduction was 

found in group 1 from the initial period up to the 3-month period and a significant 

reduction (P<0.05) after 3– 6 months (from 3.4 ± 1.4 to 3.3 ± 0.8 to 2.7 ± 0.4), while 

in group 2 a statistically significant reduction was found (P<0.05) from the initial 

period up to the 3-month period with a significant increase (P<0.05) after 3–6 months 

(from 2.9 ± 0.6 to 2.2 ± 0.8 to 2.5 ± 0.8). HbA1c also showed a progressive and 

significant reduction (P<0.05) in group 1 at the end of 6 months (from 9.0 ± 3.3 to 7.5 

± 1.3 to 7.0 ± 2.3), while in group 2 a significant reduction (P<0.05) occurred from 

the initial period up to 3-month period and significantly increasing after 6 months 
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(from 7.2 ± 1.6 to 6.6 ± 1.9 to 7.5 ± 1.7). The results concluded that after a period of 6 

months, the basic periodontal treatment is more efficient for glycemic control in 

patients with Type II Diabetes Mellitus and periodontal disease than full mouth 

disinfection.
 

  Raman et al., (2014)
86

 conducted a study to determine the effect of 

non surgical periodontal therapy (NSPT) compared to thorough oral hygiene 

instructions (OHI), on HbA1c as well as on systemic inflammatory marker hs C-

reactive protein (hs-CRP) in 40 Malaysian subjects with Type II Diabetes Mellitus 

and moderate to severe Chronic Periodontitis. Periodontal parameters such as PI, 

Gingival Bleeding Index (GBI), PD and Probing Attachment Loss (PAL), HbA1c and 

high-sensitivity C-reactive protein (hs-CRP) were evaluated at baseline, 2- and 3-

months intervals. The results of the study had showed that the reduction in PI scores 

within the NSPT group from baseline to 2 months recall and final visit were 

statistically significant (P < 0.001).  

   The reduction in PI seen within the OHI group was also statistically 

significant (P < 0.001) at all time points. The results also showed that mean PD and 

mean PAL within the NSPT group reduced significantly from baseline (2.56 ± 0.57 

mm, 3.35 ± 0.83 mm) to final visit (1.94 ± 0.26 mm, 2.92 ± 0.72 mm) (P = 0.003, P < 

0.001).  For OHI group, improvements in mean PD and mean PAL were also seen 

from baseline (2.29 ± 0.69 mm, 2.79 ± 0.96 mm) to final visit (2.09 ± 0.72 mm, 2.62 

± 0.97 mm) (P < 0.001 for both). Similarly, HbA1c levels decreased in both groups 

with NSPT group recording statistically significant reduction (P=0.038). Participants 

who demonstrated ≥ 50% reduction in PD showed significant reductions of HbA1c 

and hs-CRP levels (P=0.004 and P=0.012). The author concluded that NSPT 
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significantly reduced PI at 2 months post-therapy as compared to OHI. Both NSPT 

and OHI demonstrated improvements in other clinical parameters as well as HbA1c 

and CRP levels.
 

  Gay et al., (2014)
87

 conducted a randomized controlled trial to 

evaluate the effect of non-surgical periodontal therapy, compared to no 

instrumentation on glycemic control in 154 Hispanics with Type II Diabetes Mellitus 

and moderate to severe Chronic Periodontitis. Subjects under hypoglycaemic 

medications with initial HbA1C values between 5.7–6.5% were included. Periodontal 

examination including PD, CAL, gingival margin to the cementoenamel junction 

(FGM-CEJ), and BOP%. Blood was drawn for evaluating initial HbA1c values. At 

this appointment, patient education regarding periodontal disease and its association 

with diabetes was given along with oral hygiene instructions, which includes modified 

Bass technique, use of inter-proximal toothbrushes and dental floss. Experimental 

subjects were scheduled to return for SRP. Scaling and root planing was performed 

with an ultrasonic scaler and Gracey curettes. Two quadrants were instrumented at 

each appointment under local anaesthesia. The procedure was performed by two 

calibrated periodontists. Test subjects were given appointment by 4–6 weeks after 

scaling and root planing, while control subjects were seen 4–6 weeks after baseline 

examination for periodontal re-evaluation. Four months after the baseline 

appointment, all subjects returned for the 5th and final appointment where blood was 

drawn for final HbA1c values.  

   The results of the study showed that baseline mean ± SD HbA1c 

percentages for the experimental group was 9.0 ± 2.3% and for the controls it was 8.4 

± 2.0%. The percentages of HbA1c decreased in the experimental group was 0.6%  
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(8.4 ± 1.9) and was more when compared to the decrease in control group 0.3% (8.1 ± 

1.8) (P = 0.89). For the slight to moderately deep pockets, the observed changes 

measured was less than or equal to 0.5 mm. At sites initially ≥7 mm, PD reduction 

and CAL gain equalled 1.7 and 0.8 mm respectively.
 

   
Acharya AB, Thakur S and Muddapur MV. (2015)

88
 conducted a 

study to evaluate the effect of scaling and root planing (SRP) on HbA1c levels and the 

levels of serum interleukin‑10 (IL‑10) in Indian subjects with Type II Diabetes 

Mellitus patients and Chronic Periodontitis. 45 participants were included in the study 

of which 15 subjects were healthy controls (Group 1), 15 subjects were patients with 

Chronic Periodontitis (Group 2), and 15 subjects were Type II Diabetes Mellitus 

patients with Chronic Periodontitis (Group 3). PI, GI, PD, attachment loss (AL), 

BOP%, random blood sugar, HbA1C and serum IL‑10 were measured at baseline in 

all participants and SRP was performed on Groups 2 and 3 and the selected 

parameters recorded again at 6 months. Patients in group 3 revealed positive 

correlations between PD and HbA1c, BOP% and IL‑10, respectively, at 6 months and 

a predictable association of HbA1c with PD and GI, and IL‑10 levels with BOP, 

respectively, at 6 months. Group III patients showed a significant reduction in mean 

HbA1c levels of about 1.88% (p=0.000) when compared to Group II which showed a 

reduction of about 0.34% (p=0.020). Group II and Group III also showed concomitant 

increase in serum IL-10 (anti-inflammatory cytokine).The author concluded the fact 

that SRP had a role in reducing HbA1c levels and systemic inflammatory burden 

efficiently in Type II Diabetes Mellitus  patients with Chronic Periodontitis followed 

by patients with Chronic Periodontitis.
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  Altamash M, Klinge B and Engstrom PE. (2016)
89

 conducted a 

longitudinal intervention study to investigate and compare the effect of non-surgical 

and surgical periodontal treatment outcomes on HbA1c levels in 129 Pakistani 

diabetic and non-diabetic patients with or without periodontal disease. Out of 129 

patients 21 subjects were diabetics with periodontal disease, 8 subjects were non-

diabetics with periodontal disease, 68 subjects were non-diabetics without periodontal 

disease and 32 subjects were diabetics without periodontal disease.  Measurements of 

BOP%, PI and PD were recorded by a dental hygienist at baseline, 3
rd

 month and 6
th

 

month. All individuals were examined for HbA1c levels at baseline, 3
rd

 month and 6
th

 

month. At the baseline, all the participants were given supragingival scaling therapy, 

oral hygiene instructions and plaque control assessment. Both diabetic and non-

diabetic patients with PPD < 6mm were given another treatment of subgingival 

scaling. Those patients with PPD > 6mm were given periodontal treatment with 

modified Widman flap. Subjects with or without PD were recalled after 6 months to 

be examined for periodontal conditions and blood glucose levels. The results of the 

study had showed that diabetics with and without periodontal disease showed 

reductions in HbA1c levels with a mean value of 0.3% after 3 months (P < 0.01), and 

mean values of 1% and 0.8% respectively, after 6 months (P < 0.01). After 6 months, 

diabetics with periodontal disease showed higher number of sites with PPD of 4 < 6 

mm versus diabetics without periodontal disease.
 

 



 

 

 

 

 

 

 

Materials & 

methods 
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STUDY DESIGN AND PATIENT SELECTION: 

 

   This study was conducted in the Department of Periodontics and Oral 

Implantology, Sri Ramakrishna Dental College and Hospital, Coimbatore. 46 patients 

of age limit 25-60 years were recruited for the study. Study population included 17 

patients with Chronic Periodontitis, 17 patients with Chronic Periodontitis and Type II 

Diabetes Mellitus; and 12 systemically healthy individuals with clinically healthy 

periodontium served as controls. All the patients except healthy controls were treated 

with full mouth scaling and root planing followed by evaluation after three months. 

STUDY ETHICS AND SAFETY: 

 

   This clinical study followed the principles in the Declaration of 

Helsinki. Study was approved by Institutional Review Board and Ethical Committee 

of Sri Ramakrishna Dental College and Hospital, Coimbatore. Informed consent was 

obtained from each patient before enrolling them in the study. The subjects involved 

in this study had to satisfy the following criteria. 

INCLUSION CRITERIA: 

Group I: Healthy individuals (Control group)  

• Absent of bleeding on probing. 

• Probing depth (PD) < 4mm. 

• Absence of clinical attachment loss. 

• Patients without any systemic disease.  

Group II: Chronic Periodontitis without Type II Diabetes Mellitus (Test group I)  

• Probing depth (PD) ≥ 5mm. 

• Presence of clinical attachment loss. 

• Radiographic evidence of alveolar bone loss. 
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• Patients without any systemic disease. 

Group III: Chronic Periodontitis with Type II Diabetes Mellitus (Test group II)  

• Probing depth (PD) ≥ 5mm  

• Presence of clinical attachment loss. 

• Radiographic evidence of alveolar bone loss. 

• Chronic periodontitis patients suffering with type II diabetes mellitus.  

EXCLUSION CRITERIA: 

• Patients with history of antibiotics, anti oxidants and anti-inflammatory drugs 

intake for past 3 months.  

• Patients who had undergone any form of periodontal therapy in past 6 months.  

• Patients with history of smoking and alcohol consumption. 

• Pregnant and lactating women. 

ARMAMENTARIUM 

DIAGNOSTIC AND OPERATING INSTRUMENTS: 

1. Mouth mirror 

2. Williams Periodontal probe 

3. Explorer 

4. Tweezers 

5. Cheek retractor 

6. Suction tip 

7. Local anaesthetic solution-Lignocaine 2% with adrenaline 1: 80,000 

8. 3 ml disposable syringe 

9. Gauze pieces 

10. Gracey curettes 

11. Ultra sonic scaler (EMS SCALER) 
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12. Enzyme Linked Immune Sorbent Assay kit (ELISA) for analysing 8-OHdG. 

13. Microcapillary pipettes (for collecting GCF) (1- 10μl) 

14. Labelled sterile vials for storing GCF 

15. Aluminium foil 

CLINICAL EXAMINATION: 

On every examination, the following clinical parameters were scored: 

Plaque Index (PI): Full mouth plaque score was recorded by using Plaque Index 

given by Silness and Loe (1964).
90 

Pocket Depth (PD): 

Conventional Probing Depth (Hill EG 2006): The probing pocket depth was 

assessed on each tooth from the gingival margin to the base of the sulcus using 

Williams periodontal probe at 6 specific sites 

1. Distofacial line angle to the midline of distal surface 

2. Facial surface 

3. Mesiofacial line angle to the midline of mesial surface 

4. Distolingual line angle to the midline of distal surface 

5. Lingual surface 

6. Mesiolingual line angle to the midline of mesial surface.
91 

Clinical Attachment Level (Philstrom BL 1992): From the Cemento enamel 

junction (CEJ) to the base of the sulcus in all the 6 sites using Williams periodontal 

probe as mentioned for probing depth.
92 

Bleeding On Probing (Mombelli et al 1987): Bleeding on probing was assessed in 

each tooth using Modified Sulcular Bleeding Index.
93 



MATERIALS AND METHODS 
 

 57 
 

RADIOGRAPHIC ASSESSMENT (Kallestal C 1989): The radiographic evidence 

of bone loss was determined if the distance from CEJ to the alveolar crest was 

>2mm.
94 

GLYCOSYLATED HEMOGLOBIN (HbA1c) ESTIMATION: Glycosylated 

Hemoglobin (HbA1c) levels were estimated in Group II and Group III patients using 

venous blood samples obtained from them. 

GCF COLLECTION FOR 8-OHdG ESTIMATION: 

 

   GCF samples were obtained using microcapillary pipettes
95

 in the 

morning following an overnight fast of eight hours, during which patients were 

requested not to drink (except water) or eat. GCF samples were collected from sites 

with maximum attachment loss for patients in Group II and Group III
 27

; and from non 

diseased sites in healthy individuals. Isolate the site selected for GCF sampling with 

cotton rolls. Plaque along with the supragingival calculus was removed with area 

specific Gracey curette and cotton gauze, to avoid contamination and blocking of 

microcapillary pipette by plaque. The sulcular areas were gently air dried. A colour 

coded, calibrated (1-10μl) volumetric microcapillary pipette (Sigma-Aldrich co, St. 

Louis, USA) 
TM

 was placed at the entrance of the gingival crevice. The GCF samples 

which were contaminated with blood or saliva and air bubbles were discarded and 

fresh samples were collected. Each microcapillary pipette containing GCF was 

wrapped in aluminium foil and was placed inside separate sterile tubes and stored at    

-80°C in an ultra low temperature freezer (Hera freeze-86°C basic upright freezers, 

Thermo Fisher Scientific India Pvt.td, Mumbai, India), until further analysis of 8-

OHdG by ELISA.
34
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ELISA Analysis for GCF Samples: 

 
   The biochemical evaluations were done in Microtech laboratory, 

Coimbatore. On the day of ELISA analysis, the GCF samples which were stored at      

-80°C were thawed and brought to room temperature. The ELISA buffer was added to 

the NSB and B0 wells. The samples and the standards were added to the wells. 1 μl of 

the GCF sample was transferred to 49 μl of ELISA buffer which was provided with 

the DNA/RNA Oxidative Damage ELISA kit (Cayman Chemical), 
TM

 by passing the 

plunger through the micro capillary pipettes. Wells of plates precoated with 

polyclonal antimouse IgG antibodies were used. The wells were designateed as blank; 

NSB (non-specific binding); B0 (maximum binding); TA (total activity) or standard 

(S1–S8), and samples.  8-OHdG AChE tracer (8-OHdG acetylcholinesterase 

conjugate) was added to the wells except the blank and TA. Monoclonal antibody was 

added to appropriate wells except the blank, TA and NSB wells. The plate was 

covered with an adhesive strip and incubated for 18 hours at 4°C after mixing. Each 

well was aspirated and washed five times using an autowasher. After washing, 8-

OHdG AChE tracer was added to the TA wells and Ellman’s reagent (5,5’-dithiobis-

(2-nitrobenzoic acid) which contains the substrate to AChE, was added to each well, 

and the wells were placed  at room temperature for 120 minutes. Finally, the optical 

densities were read at 405 nm by a microplate reader. Corrected B0 (B0 – NSB) was 

determined using the optical densities and calculated %B/B0 for each standard and 

samples. The samples were compared with the standards. The concentrations of        

8-OHdG were expressed as picograms per millilitre (pg/ml). 
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SCALING AND ROOT PLANING (SRP): 

 

   After collecting GCF, complete scaling and root planing procedures 

were carried out under local anesthesia (2% lignocaine plus 1:80,000 adrenaline) with 

ultrasonic scaler (EMS SCALER) and Gracey curettes (Hu-Friedy) on the same day in 

Group II and Group III patients. Oral hygiene instructions were given to the patients 

and they were instructed to use chlorhexidine mouthwash 10 ml twice daily for 2 

weeks. No analgesics were prescribed. 

FOLLOW UP: 

   After 3 months, patients were re-examined to observe any changes in 

the clinical parameters. Estimation of HbA1c were also repeated in Group II and III 

patients. GCF samples were also collected at the same sites to observe any changes in 

the biochemical parameters that were measured earlier. 
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DEPARTMENT OF PERIODONTICS 

EFFECT OF SCALING AND ROOT PLANING ON LEVELS OF 8-

HYDROXY DEOXYGUANOSINE (8-OHdG) IN GINGIVAL 

CREVICULAR FLUID OF CHRONIC PERIODONTITIS 

PATIENTS WITH AND WITHOUT TYPE II DIABETES 

MELLITUS 

PROFORMA 

FORM I - SCREENING PROFORMA 

   NAME:     O.P NO: 

   AGE:     SEX: 

   OCCUPATION: 

   POSTAL ADDRESS: 

   TELEPHONE NUMBER: 

   INCLUSION CRITERIA: 

   Group 1: Healthy individuals (Control group) 

• Absent of bleeding on probing. 

• Probing depth (PD) < 4mm. 

• Absence of clinical attachment loss. 

• Patients without any systemic disease. 

   Group 2: Chronic Periodontitis without Type II Diabetes Mellitus (Test group 1) 

• Probing depth (PD) ≥ 5mm  

• Presence of clinical attachment loss. 

• Radiographic evidence of alveolar bone loss. 

• Patients without any systemic disease. 

   Group 3: Chronic Periodontitis with type II Diabetes Mellitus (Test group II) 

• Probing depth (PD) ≥ 5mm  
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• Presence of clinical attachment loss. 

• Radiographic evidence of alveolar bone loss. 

• Chronic periodontitis patients suffering with type II diabetes mellitus.  

EXCLUSION CRITERIA: 

• Patients with history of antibiotic, anti oxidant, and anti-inflammatory drug 

intake for past 3 months.  

• Patients who had undergone any form of periodontal therapy in past 6 months.  

• Patients with history of smoking and alcohol consumption. 

• Pregnant and lactating women. 

FORM II- HISTORY PROFORMA 

Chief complaint with duration: 

Absent                          Present 

1. Bleeding gums 

2. Bad breath  

3. Pain in gums  

4. Swollen gums 

5. Pus discharge from gums 

6. Mobility 

7. Hypersensitivity 

8. Any other complaint’s (Specify): 

PERSONAL HISTORY: 

 1. Brushing habit:                                              

 2. Drug history: 

Dosage:        

Duration:  
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FORM III- CLINICAL ASSESSMENT (Baseline) 

DATE: __________ 

1. PLAQUE INDEX (SILNESS AND LOE 1967): 

 

Calculation: 

 

 

Inference: 

Excellent: 0 

Good: 0.1 – 0.9   

Fair: 1.0 – 1.9 

Poor: 2.0-3.0 

2) PERIODONTAL STATUS 

 

a) PROBING DEPTH (CONVENTIONAL PROBING METHOD) 

 

b)  

 

 

 

 

       Sum of score of each teeth 

   Total number of teeth examined 
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b) CLINICAL ATTACHMENT LEVEL: 

 

 

 

 

 

c) SULCUS BLEEDING INDEX (SBI) (MUHLEMANN & SON 1971) 

  

3) MODIFIED SULCULAR BLEEDING INDEX (Mombelli et. al, 1987) 

 

18     17      16      15      14     13      12    11     21     22     23     24      25     26     27     28 

                

                

 

48     47     46      45     44     43      42     41      31      32      33     34     35      36     37     38 

 

                Total score obtained 

              Maximum score obtained × Total number of teeth examined 

4) RADIOGRAPHIC ANALYSIS: 

 

5) GCF 8-hydroxy deoxy guanosine level – 

 

 

× 100% 
Bleeding on  

Probing %    
= 
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6) HbA1c levels in blood (Only for patients in Group II and Group III) – 

Inference – 

4% - 6% - Normal 

< 7 % - Good diabetes control 

7% - 8 % - Moderate diabetes control 

>8% - Action suggested to improve diabetes  

  (American Diabetes Association guidelines - 2003) 

FORM III- CLINICAL ASSESSMENT (Post operative-3
rd

 month) 

DATE: __________ 

1) PLAQUE INDEX (SILNESS AND LOE 1967): 

 

Calculation: 

 

  

Inference:                                                                                              

 Excellent: 0 

Good: 0.1 – 0.9   

Fair: 1.0 – 1.9 

Poor: 2.0-3.0  

 

 

       Sum of score of each teeth 

   Total number of teeth examined 
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2) PERIODONTAL STATUS 

a) PROBING DEPTH (CONVENTIONAL PROBING METHOD) 

 

d)  

 

 

 

 

b) CLINICAL ATTACHMENT LEVEL: 

 

 

 

 

 

 

c) MODIFIED SULCULAR BLEEDING INDEX (Mombelli et. al, 1987) 

 18     17    16     15     14     13     12     11     21     22    23     24    25    26     27      28 

 

 48     47     46     45     44     43     42    41     31     32    33    34    35     36     37      38 
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Calculation –  

 

                                Total score obtained 

              Maximum score obtained × Total number of teeth examined 

 

 

4) GCF 8-hydroxy deoxy guanosine level – 

 

 

5) HbA1c levels in blood (Only for patients in Group II and Group III) – 

Inference- 

4% - 6% - Normal 

< 7 % - Good diabetes control 

7% - 8 % - Moderate diabetes control 

>8% - Action suggested to improve diabetes  

(American Diabetes Association guidelines-2003) 

 

 

 

 

 

 

 

 

 

Bleeding on  

 Probing %    
× 100% = 
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FORM V 

CONSENT FORM 

CERTIFICATE BY INVESTIGATOR 

 

   I certify that I have disclosed all details about the study in the terms 

easily understood by the patient. 

Dated:  ___________                                                  Signature:  ______________ 

                                                                                      Name: __________________ 

 

CONSENT BY SUBJECT 

   I have been informed about the procedure of non surgical periodontal 

therapy under local anaesthesia. I have been explained about the risks involved in the 

procedure.  

   I, exercising my free power of choice, hereby, give my consent to be 

included as a subject in the study “EFFECT OF SCALING AND ROOT PLANING 

ON LEVELS OF 8-HYDROXY DEOXYGUANOSINE (8-OHdG) IN GINGIVAL 

CREVICULAR FLUID OF CHRONIC PERIODONTITIS PATIENTS WITH AND 

WITHOUT TYPE II DIABETES MELLITUS.” 

 

Dated: _________                         Signature or thumb impression:    __________ 
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Fig. 3: Armamentarium 

    

 

 

Fig. 4: Healthy control (Baseline) 
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Fig. 5:  GCF collection in Healthy control 

 

 

 

 

Fig. 6: Chronic Periodontitis patient (Baseline) 
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Fig. 7:  GCF collection in Chronic Periodontitis patient using 

microcapillary pipette (Baseline) 

  

 

 

Fig. 8: Chronic Periodontitis patient (3
rd

 month follow up) 

 

 

 

 



FIGURES 
 

 71 
 

 

 

 

Fig. 9: GCF collection in Chronic Periodontitis patient using microcapillary 

pipette (3
rd

 month follow up)) 

 

 

 

 

Fig. 10: Chronic Periodontitis with Type II Diabetes Mellitus (Baseline) 
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Fig. 11: GCF collection in patient with Chronic Periodontitis and Type II 

Diabetes Mellitus using microcapillary pipette (Baseline) 

  

 

 

 

Fig. 12: Chronic Periodontitis with Type II Diabetes Mellitus (3
rd

 month 

follow up) 
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Fig. 13: GCF collection in patient with Chronic Periodontitis and Type II 

Diabetes Mellitus using microcapillary pipette (3
rd

 month follow up) 

 

  

 

 

Fig. 14: Collected GCF samples stored in vials 
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Fig. 15: Ultra low temperature freezer for storing collected samples 

 

 

 

Fig. 16: ELISA kit (8-OHdG) 
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Fig. 17: Dispensing Samples into wells 

 

 

Fig. 18: Addition of Antibody solution into wells 
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Fig. 19: After Addition of Antibody solution into wells 

  

Fig. 20: Incubation at 4 degree Celsius for 18 hours 
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Fig. 21: Colour change after incubation and addition of Ellman’s Reagent 

 

 

 

Fig. 22: Reading the plate using ELISA Reader 
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Fig. 23: Standard curve for 8-OHdG concentration 
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Table .2: Mean age group of Healthy controls (Group I), Chronic Periodontitis 

patients (Group II) and Chronic Periodontitis patients with Type II Diabetes 

Mellitus (Group III) 

 

 

 

Table 3: Comparison of Group I, Group II and Group III. 

 

Clinical 
Parameters 

GROUP I 
 

Baseline  
 

GROUP II P 
VALUE 

GROUP III P VALUE 

Baseline  
 

(Mean ± SD) 

Post 
treatment 

(Mean ± SD) 

Baseline  
 

(Mean ± SD 

Post 
treatment 

(Mean ± SD) 

 
PI 

 
0.287± 
0.2486 

 
1.286± 
0.4861 

0.825± 

0.279 

 
 

P<0.05* 

 
1.669± 
0.375 

1.033± 

0.264 

 
P<0.05* 

  
PD (mm) 

 
2.000± 
0.625 

 
3.283± 
0.554 

2.665± 

0.581 

 
P<0.05* 

 
3.526± 
0.625 

2.816± 

0.433 

 
 

P<0.05* 

 
CAL(mm) 

0  
4.108± 
0.955 

3.417± 

1.011 

 
P<0.05* 

 
4.921± 
0.881 

4.031± 

0.878 

 
P<0.05* 

 
BOP % 

0  
65.171± 
24.1925 

39.644± 

14.868 

 
P<0.05* 

 
80.221±  
15.722 

53.771± 

12.515 

 
P<0.05* 

 
HbA1C % 

-  
5.475± 
0 .2016 

5.446± 

0.183 

 
P>0.05* 

 
7.837± 
1.405 

7.468± 

0.864 

 
P<0.05* 

 
8-OHdG 
(pg/ml) 

 
103.912± 

88.577 

 
943.735± 
606.725 

 
478.941± 
317.809 

 

 
P<0.05* 

 
1639.856± 
793.462 

 
646.42± 
313.808 

 
P<0.05* 

  

 

 

 

 

Participants N Minimum 
(Age in 

Yrs) 

Maximum 
(Age in 

Yrs) 

Mean 
(Age in 

yrs) 

Std. 
Deviation 

GROUP I 16 25.00 38.00 28.2500 3.90726 

GROUP II 16 30.00 64.00 44.7500 9.98999 

GROUP III 16 38.00 61.00 48.8125 7.74785 
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Table 4: Mean Reduction In All Parameters At 3 Months In Group-II And  

Group III 

Groups Mean 
Reduction in 

PI ± SD 

Mean 
Reduction 

in PD ± 
SD (mm) 

Mean 
Reduction 

in CAL ± 
SD (mm) 

Mean 
Reduction 
in BOP % 

± SD 

Mean 
Reduction in 

HBA1c %± SD 

Mean Reduction in  

8-OHdG pg/ml ± 
SD 

GROUP 
II 

0.4608± 
0.4081 

 

0.6176± 
0.3378 

 

0.6909± 
   0.4751 

 

25.5267± 
18.6392 

 

0.0125± 
0.2334 

 

464.7937± 
        450.6607 

GROUP 
III 

0.6356± 
0.3224* 

 

0.7102± 
0.3495* 

 

0.8901± 
0.3343* 

 

26.357± 
11.264* 

 

0.3688± 
1.0011* 

 

993.436± 
         855.439* 

 

Note: * denotes significance of (P<0.05). 

Table 5: Intergroup Difference Of The Percentage Reduction In The Respective 

Parameters Between 3 Months To Baseline Using Mann Whitney U Test 

 

 

 

Groups 

Percentage 

reduction in 

PI 

Percentage 

reduction in 

PD 

Percentage 

reduction in 

CAL 

Percentage 

reduction in 

BOP 

Percentage 

reduction in 

HBA1c 

Percentage 

reduction in  

8-OHdG 

GROUP II Mean 28.9904 18.7633 17.2517 32.5422 0. 0781 45.0385 

N 16 16 16 16 16 16 

Std. 

Deviation 
33.95854 10.44709 11.06117 10.47709 2.3345 22.29573 

GROUP III Mean 36.8436 19.4061 18.4689 35.9378 3.6520 51.5387 

N 16 16 16 16 16 16 

Std. 

Deviation 
15.92849 7.79695 7.37708 17.82428 8.19489 25.93795 

Difference 

between  

GROUP III 

and GROUP 

II 

Mean 7.8532 0.6428 1.2172 3.3956 3.5739 6.5002 

Std. 

Deviation 
26.5225 9.21722 9.40124 12.60363 6.22280 24.18549 
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    Statistical analysis was performed using paired t-test, independent t-

test and Mann Whitney U Test. The baseline GCF levels of 8-OHdG and clinical 

parameters (PI, PD, CAL, and BOP) in groups I, II and III were analysed and 

compared. At the recall visit, 3 months after scaling and root planing, the same 

comparison was performed for groups II and III. The levels of HbA1c were recorded 

and compared for groups II and III at baseline and after 3 months. The various clinical 

parameters assessed along with the demographic data and biochemical analyses are as 

follows: 

a) SAMPLE CHARACTERISTICS: 

1) Age:  

Group I -The mean age of the healthy controls was 28.25±3.907 years  

Group II - The mean age of the Chronic Periodontitis patients was 

44.75±9.989 years 

Group III - The mean age of the Chronic Periodontitis patients with Type II 

Diabetes Mellitus was 48.812±7.747 years (Table.2). 

b) BASE LINE AND POST TREATMENT (SRP) CLINICAL PARAMETERS:  

1) Plaque Index (PI): 

   The full mouth PI scores were recorded for all participants at baseline 

and after SRP in Groups II and III. At baseline, the mean plaque scores of Groups I, II 

and III were 0.287±0.248, 1.286±0.486 and 1.669±0.375 respectively (Table.3) 

(Figure.24). Following SRP, the scores were reduced to 0.825±0.279 and 1.033±0.264 

in groups II and III respectively, which was statistically significant. (P<0.05) 

(Table.3) (Figure.30). Group III (0.635±0.322) had a statistically significant (P<0.05) 
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higher plaque score reduction when compared to Group II (0.460±0.408) (Table.4) 

(Figure.36), with percentage difference being 7.8532±26.5225 (Table.5). 

2) Probing Depth (PD): 

   The probing depth was measured by the conventional method. Probing 

depths were recorded for all participants at baseline and after SRP in Groups II and 

III. At baseline, the mean probing depths of Groups I, II and III were 2.000±0.625 

mm, 3.283±0.554 mm and 3.526±0.625 mm respectively (Table.3) (Figure.25). 

Following SRP the scores were reduced to 2.665±0.581 mm and 2.816±0.433 mm in 

groups II and III respectively which was statistically significant. (P<0.05) (Table.3) 

(Figure.31). Group III (0.710±0.349 mm) had a statistically significant (P<0.05) 

probing depth reduction when compared to Group II (0.617±0.337 mm) (Table.4) 

(Figure.37), with percentage difference being 0.6428±9.21722 (Table.5). 

3) Clinical Attachment Level (CAL): 

   The clinical attachment levels (CAL) were recorded for all participants 

at baseline and after SRP in groups II and III. At baseline, the mean clinical 

attachment levels of groups I, II and III were 0.0 mm, 4.108±0.955 mm and 

4.921±0.881 mm respectively (Table.3) (Figure.26). Following SRP, a significant 

gain in CAL was obtained in group II (3.417±1.0119mm) and group III (4.031±0.878 

mm) which was statistically significant (P<0.05). (Table.3) (Figure.32) Group III 

(0.890±0.334 mm) had a statistically significant (P<0.05) CAL gain when compared 

to Group II (0.690±0.475mm) (Table.4) (Figure.38), with percentage difference being 

1.2172±9.40124 (Table.5). 
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4) Bleeding on probing (BOP): 

   Bleeding on probing was observed in all patients at baseline and at the 

post treatment visit in group II and group III.  The mean bleeding scores of groups I, 

II and III were 0, 65.171±24.192 and 80.221±15.722 % respectively at baseline. 

(Table.3) (Figure. 27) Following SRP, bleeding on probing in groups II and III were 

reduced to 39.644±14.868 % and 53.771±12.515 % respectively which was 

statistically significant (P<0.05) (Table.3) (Figure. 33). Group III (26.357±11.264 %) 

had a statistically significant (P<0.05) reduction in bleeding on probing when 

compared to Group II (25.526±18.639 %) (Table.4) (Figure.39), with percentage 

difference being 3.3956±12.60363 (Table.5). 

5) Estimation of HbA1c: 

   Estimation of HbA1c was done in group II and group III patients at 

baseline and at the post treatment visit. At baseline the mean HbA1c levels of groups 

II and III were 5.475 ±0.201 % and 7.837±1.405 % (Table.3) (Figure. 28). At the post 

treatment visit, the values of HbA1c in groups II and III were reduced to 

5.446±0.1833 % (P>0.05) and 7.468±0.864 % respectively which was statistically 

significant (P<0.05) (Table.3) (Figure. 34). The reduction of HbA1c levels was 

greater and statistically significant in group III (0.368±1.0011 %) when compared to 

group II (0.0125±0.233 %) (P<0.05) (Table.4) (Figure. 40), with percentage 

difference being 3.5739±6.22280 (Table.5). 
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6) Estimation of 8-OHdG: 

   Estimation of 8-OHdG was done in all patients at baseline and at the 

post treatment visit in group II and group III patients. At baseline, the mean 8-OHdG 

levels were 103.912±88.577 pg/ml, 943.735±606.725 pg/ml and 1639.856±793.462 

pg/ml for groups I, II and III respectively. (Table. 3) (Figure. 29) Following SRP,      

8-OHdG in groups II and III were reduced to 478.941±317.809 pg/ml (P<0.05) and 

646.42±313.808 pg/ml (P<0.05) respectively which was statistically significant 

(Table.3) (Figure. 35). The reduction being statistically higher (P<0.05) in group III 

patients (993.436±855.439pg/ml) when compared to group II patients 

(464.793±450.660 pg/ml) (Table.4) (Figure. 41), with the percentage difference in 

reduction being 6.5002±24.18549 (Table.5). 
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Fig. 24: Baseline-Plaque Index 

 

    

Fig. 25: Baseline-probing depth 

 

      

Fig. 26: Baseline-Clinical Attachment Level 
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Fig. 27: Baseline-Bleeding On Probing 

 

 

Fig. 28: Baseline-HbA1c 

 

 

Fig. 29: Baseline-8-OHdG 
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Fig. 30: 3
rd

 month Plaque Index 

 

 

Fig. 31: 3
rd

 month Probing depth 

 

 

Fig. 32: 3
rd

 month Clinical Attachment Level 
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Fig. 33: 3
rd

 month - Bleeding On Probing 

 

 

Fig. 34: 3
rd

 month-HbA1c 

 

 

Fig. 35: 3
rd

 month-8-OHdG 
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Fig. 36: Mean Reduction in PI 

 

 

Fig. 37: Mean Reduction in PD 

 

 

Fig. 38: Mean Reduction in CAL 
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Fig. 39: Mean Reduction in BOP 

 

 

Fig. 40: Mean Reduction in HbA1c 

 

 

Fig. 41: Mean Reduction in 8-OHdG 
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   The progression of periodontitis depends on interaction between the 

host and dental plaque. Tissue infiltration by polymorphonuclear leukocytes and 

monocytes in response to dental plaque and subsequent phagocytosis, leads to 

excessive production of free radicals which damage the cell membrane and organelles 

including DNA.
2
 8-OHdG, a stable product of DNA damage is excreted in oral fluids 

such as saliva and GCF in patients with periodontitis.
5,25,26,27,32,41,43 ,34,35,40

 Its levels in 

various body fluids such as urine, serum and saliva were found to be high in patients 

with Type II Diabetes Mellitus, an endocrinal disorder implicated with oxidative 

damage 
8,63,68,69

 

   An increase in 8-OHdG has been observed in periodontitis as well as in 

type II diabetes mellitus. However, so far, no study has reported the cumulative effect 

of diabetes and periodontitis on GCF 8-OHdG levels. Many studies were conducted to 

evaluate the effect of SRP on salivary 8-OHdG levels, but very few studies evaluated 

the effect of SRP on levels of 8-OHdG in GCF which is more site specific. With this 

in mind, we performed a study to assess the change in gingival crevicular fluid (GCF) 

levels of 8-OHdG using ELISA at baseline and three months after scaling and root 

planing (SRP) in chronic periodontitis patients with and without type II diabetes 

mellitus. The systemically healthy individuals who had clinically healthy 

periodontium acted as controls. The clinical parameters and HbA1c levels were 

assessed at baseline and 3-months after intervention in chronic periodontitis patients 

with and without type II diabetes mellitus. The relationship between GCF levels of 8-

OHdG and serum HbA1c levels were also assessed at the baseline and post treatment 

in chronic periodontitis patients with and without type II diabetes mellitus. 
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   At baseline, the mean plaque scores were significantly higher in CP-D 

(P<0.05) group which was followed by CP and healthy controls in descending order.  

Patients with CP showed a reduction in plaque scores of 0.4608±0.4081 by the 3
rd

 

month in our study. Similar results were obtained by Dede et al. 2013
34

 who 

evaluated the effect of SRP on GCF 8-OHdG levels and showed a reduction in plaque 

scores of 1.50, 3 months after SRP. Chandra et al. 2013
35

 evaluated the effect of 

SRP on GCF 8-OHdG levels and showed a reduction in plaque scores of about 1.44.
 

Hendek et al. 2015
40

 conducted a study to evaluate the effect of SRP on GCF 8-

OHdG levels and showed a significant reduction in plaque scores of 0.59 in chronic 

periodontitis patients, 3-months after SRP.
 
Arunachalam et al. 2015

43
 conducted a 

study to evaluate the effect of SRP on salivary 8-OHdG levels and showed a reduction 

in plaque scores of about 1.18, 1 month after SRP. Reduction in plaque scores were 

significantly higher in CP-D group when compared to CP group (P<0.05) in our 

study, with percentage difference being 7.8532±26.5225 %.
 

   Mean probing depth at baseline was significantly high in the CP-D 

(P<0.05) group followed by CP and healthy controls. The probing depth decreased 

significantly (P<0.05) after SRP in CP and CP-D groups. Takane et al. 2002
25

 

conducted a study to evaluate the effect of SRP on salivary 8-OHdG levels and 

showed a probing depth reduction of 0.57 mm, 2 to 4 months after SRP.
 
The same 

author conducted a study in 2005 to evaluate the effect of SRP on GCF and salivary 

8-OHdG levels which showed a probing depth reduction of 0.52 mm in 2-6 months 

after SRP which is similar to the reduction observed in our study (0.6176±0.3378 

mm).
27

 Dede et al. 2013
34

 showed a probing depth reduction of 0.18 mm, 3 months 

after SRP.
 
Chandra et al. 2013

35
 also showed a reduction of 0.85 mm, 3 months after 



DISCUSSION 
 

 93 
 

SRP.
 
Hendek et al. 2015

40
 showed a significant reduction in probing depth of 1.04 

mm in chronic periodontitis patients, 3-months after SRP.
 
Arunachalam et al. 2015

43
 

in his study showed a probing depth reduction of 0.91 mm, 1 month after SRP.  

Reduction in probing depth in our study was significantly higher in CP-D group when 

compared to CP group (P<0.05), with percentage difference being 0.6428±9.2172 %.
 

   Mean CAL at baseline was significantly high in CP-D (P<0.05) groups 

followed by CP and healthy controls, with significant CAL gain (P<0.05) was 

achieved after SRP in CP and CP-D groups. CAL gain of 0.6909±0.4751 was 

achieved in patients with chronic periodontitis in our study. Similar results were 

found with Dede et al. 2013
34

 who showed a significant CAL gain of 0.20 mm, 3 

months after SRP. Chandra et al. 2013
35

 showed a significant CAL gain of 0.74 mm, 

3 months after SRP.
 
Hendek et al. 2015

40
 also showed a significant CAL gain of 0.9 

mm, 3 months after SRP and Arunachalam et al. 2015
43

 showed a significant CAL 

gain of 0.96 mm, 1 month after SRP. In the present study gain in CAL was 

significantly higher in CP-D group when compared to CP group (P<0.05), with the 

percentage difference being 1.2172±9.4012 %. 

   The mean BOP% at baseline was significantly high in the CP-D 

(P<0.05) group followed by CP and healthy controls and decreased significantly 

(P<0.05) after SRP in CP and CP-D groups. In our study, patients with chronic 

periodontitis showed a reduction of 25.5267±18.6392% which is in accordance to the 

studies performed by Takane et al. (2002)
25

, (2005)
27

 that showed a reduction in 

BOP% of about 31.22 % and 32.8% respectively. Dede et al. 2013
34

 also observed a 

reduction of about 62.72 %, 3 months after SRP. In the present study, reduction in 
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BOP% was significantly high in CP-D group when compared to CP group (P<0.05), 

with percentage difference being 3.3956±12.6036 %. 

   HbA1c was estimated in CP and CP-D groups at baseline and also 3-

months after SRP. The results of our study showed a 0.3688±1.0011 % reduction in 

mean HbA1c levels in the CP-D group. Similar results were obtained by Stewart et 

al. 2001
72

 who showed a significant reduction of 1.7 % in mean HbA1c levels, by 18-

months after SRP in Americans. In a study by Kiran et al. 2005
75

 on Turkish 

population, significant reduction of 0.8 % in mean HbA1c levels was achieved, 3 

months following SRP. Singh S et al. 2008
77

 also showed a significant reduction of 

0.6 % in mean HbA1c levels, 3 months after SRP in Indians.
 
Koromantzos et al. 

2011
80

 reported a significant reduction of 0.73 % in mean HbA1c levels, six months 

after SRP in Greeks. In a randomized controlled trial by Moeintaghavi et al. 2012
81

 

in Iranian population, a significant reduction of 0.74 % in mean HbA1c levels was 

reported by 3 months after SRP.
 
Acharya et al. 2015

88
 showed a significant reduction 

of 1.88% in mean HbA1c levels, six months after SRP in Indian population. 

Altamash et al. 2016
89

 also showed a significant reduction of 0.3 % in mean HbA1c 

levels, 3 months after SRP. Reduction in HbA1c was observed in both CP and CP-D 

groups, with significant reduction occurring in CP-D group (P<0.05) when compared 

to CP group, with percentage difference being 3.5739±6.2228 % in our study.
 

  The mean GCF 8-OHdG levels at baseline were significantly high in 

the CP-D (P<0.05) groups followed by CP and healthy controls and the levels 

decreased significantly to 464.7937±450.6607 pg/ml (P<0.05) after SRP in CP group. 

Similarly Takane et al. 2005
27

 showed a significant reduction of 2.76 ng/ml in GCF 

8-OHdG levels of chronic periodontitis patients, 2-6 months after SRP.
 
Dede et al. 
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2013
34

 also showed a significant reduction of 360 pg/ml in GCF 8-OHdG levels of 

chronic periodontitis patients 3 months after SRP.
 
Chandra et al. 2013

35
 showed a 

significant reduction of 4.82 ng/ml in GCF 8-OHdG levels of chronic periodontitis 

patients, 3 months after SRP.
 
Hendek et al. 2015

40
 also showed a significant 

reduction of 0.03 ng/ml in GCF 8-OHdG levels of chronic periodontitis patients, 3 

months after SRP. In this study, the reduction in 8-OHdG levels were significantly 

higher in CP-D group when compared to CP group (P<0.05), with percentage 

difference being 6.5002±24.1854 %.
 

  Patients in CP-D group showed good oral hygiene maintenance with 

significant improvement in periodontal and glycemic status with significant reduction 

in 8-OHdG levels when compared to the CP group. This is a notable finding of our 

study. As supportive evidence, Nishikawa et al. 2003
68

 demonstrated a reduction in 

serum 8-OHdG levels when the patients presented with good glycemic control while 

Karima et al. 2005
54

 demonstrated high oxidative stress in patients with poor 

glycemic control.
 
In addition, Karima et al. 2005

54
 reported a significant correlation 

between glycemic control (HbA1c levels) and the severity of periodontitis in diabetic 

patients suggesting that enhanced oxidative stress and increased inflammation 

exacerbate both diseases.
 

   Therefore, in this study with significant decrease in clinical parameters 

and HbA1c, levels of 8-OHdG in GCF also reduced significantly in the CP-D group 

when compared to CP group (P<0.05). Improvement in glycemic status was seen by 3 

months after SRP which can be attributed to the reduction in inflammatory and 

oxidative stress after SRP. Reduction in HbA1c values for CP-D and CP patients was 

associated with a good improvement in periodontal status. This supports the fact that, 
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with efficient control of inflammation and glycemic status, we can reduce the 

oxidative stress damage in our body and this is evident by statistically significant 

reduction of 8-OHdG levels in GCF of CP-D when compared to CP patients.  This 

study thus supports the bi-directional relationship between glycemic status and 

periodontal status in diabetic patients.
96

  

   As this study was conducted in a single centre with limited number of 

samples, multi-centered longitudinal studies with large sample size are required to 

substantiate these results. 
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   Chronic periodontitis is an infectious disease resulting in inflammation 

within the supporting tissues of the teeth leading to progressive attachment loss and 

bone loss. Diabetes Mellitus is a known risk factor for periodontitis.  Both Chronic 

Periodontitis and Diabetes Mellitus are associated with increased oxidative stress, 

leading to oxidative damage of DNA with formation of 8-OHdG. This is a stable 

product of DNA damage and it is excreted in body fluids including GCF and saliva. 

We decided to sample GCF as it is more site specific. 

   Hence this study was performed to assess the change in GCF levels of 

8-OHdG three months after SRP, in chronic periodontitis patients with (CP-D) and 

without Type II Diabetes Mellitus (CP). The levels of HbA1c in CP-D and CP 

patients were also analysed at baseline and 3 months after SRP. The clinical 

parameters (PI, PD, CAL and BOP%) were analysed at the baseline and three months 

after SRP in CP and CP-D patients. 

   The data were recorded and statistical analysis was performed using 

paired t-test, independent t-test and Mann-Whitney U test. Results showed that all the 

clinical parameters improved after SRP in CP-D and CP groups, with CP-D group 

showing statistically significant greater reduction in PI, PD, BOP% and greater gain 

in CAL when compared to CP patients. With regard to the levels of 8-OHdG in GCF 

and HbA1c, CP-D patients showed a statistically significant greater reduction 3 

months after SRP when compared to CP patients. 
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The following conclusions were drawn from the study, 

1) The levels of 8-OHdG and the clinical parameters at baseline were higher in CP-D 

patients when compared to CP patients. Healthy controls had the least 8-OHdG levels 

and clinical parameters. 

2) The levels of HbA1c at baseline were higher in CP-D patients when compared to 

the CP patients. 

3) All the clinical parameters were significantly reduced in CP-D patients when 

compared to CP patients, 3 months after SRP. 

4) 8-OHdG levels in GCF, reduced significantly in CP-D patients when compared to 

CP patients 3 months after SRP. 

5) HbA1c level reduced significantly in CP-D patients when compared to CP patients, 

3
 
months after SRP.  

6) Overall CP-D patients showed better response to SRP than CP patients. 
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