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Evaluation of Grape Seed Formulation as an 
Adjunct to Scaling and Root Planing on Oxidative 
Stress, Inflammatory Status and Glycaemic 
Control in Type 2 Diabetic Patients with Chronic 
Periodontitis: A Randomised Controlled Trial

INTRODUCTION 
Diabetes mellitus is a devastating disease occurring throughout 
the world [1]. Over 30 million have been diagnosed with diabetes 
in India. So, India right now is facing a healthcare crisis and is 
being considered as the diabetic capital of the world. It accounts 
for high mortality and morbidity nearly causing an epidemic in the 
population [2].

The relationship between periodontal infection and systemic diseases 
is well documented. The systemic inflammatory burden generated by 
a systemic condition may increase an individuals’ susceptibility to local 
periodontal inflammation [3]. The neutrophils or Polymorphonuclear 
leukocyte (PMN) are the sentinels of inflammation and highly specialised 
for their primary function of phagocytosis and destruction of 
microorganisms [4]. MPO is considered as a marker of neutrophil 

activation and degranulation [5]. Hence, the MPO levels in the local 
periodontal tissues can be suggestive of the link to the systemic health 
in diabetic patients [6].

Acute inflammation is a protective response whereas chronic 
inflammation is destructive in nature and one such chronic disease 
is periodontitis. Oxidative stress plays a central role in wide range of 
chronic inflammatory diseases and is thought to be a key driver of 
chronic inflammation [7].

Oxidative stress is a term used to describe the imbalance between 
the production as well as the manifestation of ROS in body [8]. 
When free radical production exceeds the body’s ability to neutralise 
them, oxidative stress occurs. Either decrease in the production of 
antioxidants; or excessive production of free radicals may lead to 
the imbalance [9].
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ABSTRACT
Introduction: Nutraceuticals are food derived products 
that provide health benefits, in addition to basic nutritional 
value of the food. Grape Seed Extracts (GSE) contain a high 
concentration of proanthocyanidin which is known to possess 
strongest antioxidant property. Control and modulation of 
Reactive Oxygen Species (ROS) activity is normally achieved 
by synthesis and accumulation of antioxidants. Increased ROS 
production due to oxidative stress results in hyperinflammatory 
state and worsens the glycaemic status in diabetic patients with 
chronic periodontitis. 

Aim: The aim of the present study was to evaluate the effect 
of grape seed formulation as an adjunct to scaling and root 
planing (SRP) on oxidative stress, inflammatory status and 
glycaemic control in type 2 diabetic patients with chronic 
periodontitis. 

Materials and Methods: This was a double blind randomised 
clinical trial where 48 diabetic patients with chronic periodontitis 
were selected from the Outpatient Department of Periodontology, 
JSS Dental College, Mysore, Karnataka, India. The duration 
of the study was 10 months. Patients were randomly divided 
into two groups of 24 each: test group (SRP+grape seed 
formulation) and control group (SRP+placebo) which was given 
once daily for two months. Clinical parameters such as Plaque 
Index (PI), Gingival Index (GI), Pocket Probing Depth (PPD) and 
Clinical Attachment Level (CAL); metabolic parameters such as 
glycated Hb (HbA1c), Fasting Blood Sugar (FBS) was carried 
out at baseline, 3 months and 6 months. Also, inflammatory 

marker i.e., Myeloperoxidase (MPO) was estimated from 
Gingival Crevicular Fluid (GCF) and Total Antioxidant Capacity 
(TAOC) were recorded at baseline, 3 months and 6 months. 
Statistical Package for the Social Sciences (SPSS) version 16 
was used for all statistical analysis. Intergroup and intragroup 
comparisons for both test and control group were analysed by 
paired t-test and independent t-test, respectively. A p-value 
≤0.05 was considered as statistically significant. 

Results: Intergroup comparison showed that there was no 
significant difference in PI, Sulcular Bleeding Index (SBI), CAL, 
PD between the test and control group at baseline, 3 months 
and 6 months except SBI scores at 3 months with p-value=0.017 
and PI scores with p-value=0.014. The test group (SRP+GSE) 
as well as control group (SRP+placebo) showed statistically 
significant improvement from baseline to 3 months and 
baseline to 6 months in PI, SBI, CAL and PD (p≤0.05). FBS 
showed significant improvement from baseline to 3 months in 
both test and the control group.

At 3 months statistically significant results was seen in SBI, FBS, 
TAOC, MPO and PI scores between the test and the control 
group (p≤0.05).

Conclusion: This study shows a promising result in using grape 
seed formulation as an adjunct to scaling and root planing to 
reduce the oxidative stress, decreasing the inflammation and 
achieving the glycaemic control in diabetic patients with chronic 
periodontitis. Further studies are needed to prove its efficacy as 
an adjunct to conventional therapy. 
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Oxidative stress is also associated with diabetes. Damage of 
cellular organelles and enzymes can be caused by increased 
levels of free radicals and at the same time decline of antioxidant 
defence mechanisms leading to increased lipid peroxidation and 
development of insulin resistance in diabetic patients with chronic 
periodontitis which ultimately results in poor glycaemic control and 
worsening of periodontal tissues health [10].

Various treatment modalities have been implemented to decrease 
the oxidative stress in diabetes and in periodontitis respectively 
but so far [11,12], no studies have been reported which uses an 
exogenous antioxidant as an intervention in type 2 diabetic patients 
with periodontitis. 

GSE, is one such protective, exogenous antioxidant which has 
anti-inflammatory, antithrombogenic and anticarcinogenic property 
[13,14]. Various published studies have stated the role of GSE as an 
anti-inflammatory agent [15,16].

Treatment with this propriety nutraceutical appeared to offer patients 
a noninvasive, systemic, adjunctive protocol to potentiate in office 
therapies [15,16]. 

Thus, the aim of the current study was to evaluate the antioxidant 
property of grape seed supplement as an adjunct to scaling and 
root planing on oxidative stress, inflammatory status and glycaemic 
control in type 2 diabetic patients with chronic periodontitis.

MATERIALS AND METHODS
The study was a double blind randomised controlled parallel clinical 
trial to evaluate the oxidative, inflammatory and glycaemic status 
in type 2 diabetes mellitus patients with chronic periodontitis with 
or without GSE supplement. The patients were selected from the 
Outpatient Department of Periodontology, JSS Dental College 
and Hospital and Department of Medicine, JSS Medical Hospital, 
Mysore and the duration of the study was 10 months from January 
2014 to October 2014. The study protocol was approved by the 
Institutional Review Board Ethical Committee governing the use of 
human subjects in clinical experimentation, JSS Dental College and 
Hospital, Mysore (JSS/DC/ETHICAL/2011-12). The investigation 
was performed in accordance to the requirements of the Declaration 
of Helinski, 18th World Assembly in 1964 and revised in Edinburgh 
(2000). Informed consent was obtained from all the participants.

A total of 48 diabetic patients with chronic periodontitis by purposive 
sampling were selected for the study. From the power analysis, it 
was shown that to achieve 80% power with a confidence limit of 
95% and detect mean differences of clinical parameters between 
groups, 24 samples in each group were required [Table/Fig-1]. 

inclusion criteria: The patients were included between 30-60 years 
with a body mass index of 18.5-30 kg/m2 and a glycated haemoglobin 
in the range 6%-8% coinciding with mean plasma glucose in the range 
135-205 mg/dL. Patients suffering from Type 2 diabetes receiving oral 
hypoglycaemic drugs only with duration of diabetes for more than 5 years 
but less than 10 years with Chronic generalised periodontitis having 
probing pocket depth ≥5 mm were included in the study [17,18]. 

exclusion criteria: Patients were excluded if they gave history of allergy 
to grapes, diabetic patients with any other complications of diabetes 
such as cardiovascular diseases e.g., coronary heart disease, diabetic 
nephropathy, pregnant and lactating mothers, smokers, patients 
receiving any anticoagulant drugs, those receiving any antioxidant drugs 
in the past three months or receiving treatment for any other condition. 

Prior to randomisation, baseline measurements were taken and the 
patients fulfilling the inclusion criteria underwent scaling and root 
planing and were randomised by computer generated randomisation 
using Random Allocation Software by the statistician into two 
groups of 24 patients each. Test group received 200 mg of capsule 
containing GSE (formulation: 95% GSE powder, 1.92% lost on drying, 
1.65% ash) ([Table/Fig-2]: I Dreamz pharma, Bengaluru) which were 
consumed orally whereas the control group received a capsule 
without the active ingredient, also taken orally. These capsules were 
taken once daily for a period of eight weeks. Both the capsules were 
identical in formulation, shape, size, weight, texture and packing which 
were disclosed after the completion of the study. The participants and 
operator were not aware of the treatment provided hence, it was a 
double blinded study.

One trained and calibrated examiner blinded to the study conducted 
all clinical measurements such as PI [19], PPD, CAL, SBI [20]; 
metabolic parameters such as HbA1c, FBS; also, inflammatory 
marker MPO was estimated from GCF and TAOC were recorded 
at baseline, 3 months and 6 months. Examiner provided the 
medications according to randomisation [Table/Fig-3]. Data analysis 
was performed to determine the intraexaminer reliability, using kappa 
statistics for the categorical clinical measurement variables such as 
PPD and CAL. The examiner’s measurements were considered 
calibrated, if the standard error was ≤0.8 and a k-value ranged 
between 0.8 and 0.95. 

Total Antioxidant Capacity Assessment (TAOC)
A 5 mL of venous blood sample was collected from ante-cubital vein 
by trained nurse and the sample was centrifuged at 3000 rpm for 
15 minutes and the supernatant serum was collected. The serum 
was stored with tris carbonate buffer in freezer at -4°c. It was sent 
for spectrophotometric analysis to Maratha Mandal Dental College, 
Belgaum within a month of collection.

Principle: The total antioxidant assay is based on reduction of 
Phosphate-Molybdenum (VI) to Phosphate-Molybdenum (V). By using 
the formula: Final absorbance=Absorbance of sample -Absorbance 
of Blank-Absorbance of Extract, the reducing capacity of extract was 
calculated [21,22].

Procedure: An aliquot of 0.1 mL of stored serum containing a 
reducing species (in water, methanol, ethanol, dimethyl sulfoxide) 
was combined in an Eppendorf tube with 1 mL of reagent solution [Table/Fig-1]: CONSORT flow diagram. 

[Table/Fig-2]: Armamentarium; Packets containing grape seed formulation and 
placebo capsules (I Dreamz pharma, Bengaluru).
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(sulfuric acid 0.6 M, sodium phosphate 28 mM, and ammonium 
molybdate 4 mM). The tubes were capped and incubated at 95°c 
for 90 minutes in a thermal block. The absorbance was measured 
at 695 nm of aqueous solution of each against a blank, after the 
samples were cooled to room temperature [Table/Fig-4].

[Table/Fig-4]: Estimation of Total Antioxidant Capacity (TAOC).

[Table/Fig-5]: Estimation of myeloperoxidase.

myeloperoxidase (mPO) test

1. Preparation of 0.1 M citric acid buffer: 50 mL of distilled water 
was taken and 16 mL of solution A that is citric acid buffer and 
34 mL of solution B that is sodium citrate was added to it. A 
125 mL of triton X 100 was mixed in citric acid buffer.

2. Preparation of 0.1 mM H2O2: 10 mL of citric acid buffer was 
taken in a test tube and 34 µL of H2O2 was added to it.

3. Preparation of 0.8 mM dianisidine substrate: 25 mg of dianisidine 
powder was mixed in 100 mL of distilled water [25].

MPO activity was measured using o-dianisidine and hydrogen 
peroxide (H2O2), spectrophotometrically. MPO catalyses the oxidation 
of o-dianisidine yielding a brown colored product, with maximum 
absorbance at 470 nm in the presence of H2O2, an oxidising agent [26].

STATISTICAL ANALYSIS
All the statistical methods were carried out through the SPSS 
for Windows (version 16.0, 2008) and Minitab (version 11.0) for 
windows. The descriptive statistics mean and standard deviation 
were calculated. Within the group comparison for PI, SBI, PPD, CAL, 
HbA1c, FBS, TAOC, MPO levels at baseline, 3 months, 6 months 
was carried out using paired t-test. Intergroup comparisons for PI, 
SBI, PPD, CAL, HbA1c, FBS, TAOC, MPO levels for both test and 
control group were analysed by student’s t-test. The p-value ≤0.05 
was considered to be statistically significant. 

RESULTS
i. analysis of clinical Parameters

Plaque index (Pi), Sulcular bleeding index, Probing depth, 
clinical attachment level (cal): Intergroup comparison of clinical 
parameters is shown in [Table/Fig-6]. At baseline, there was no 
significant difference in PI, SBI, CAL, PD between the test and control 
group. A statistically significant difference was noted in between test 
and the control groups at 3 months in PI scores with p-value=0.014. 
A statistically significant difference was noted in between test and 
the control groups at 3 months in SBI scores with p-value=0.017.

At 6 months, there was no significant difference in PI, SBI, CAL, PD 
between the test and control group.

Intragroup comparison of clinical parameters is shown in [Table/Fig-
7,8]. A statistically significant improvement was noted from baseline 
to 3 months and from baseline to 6 months in both groups (test 
and control) with a p-value ≤0.05 for all the clinical parameters. 
From 3 months to 6 months statistically significant difference was 
seen only in the PPD in control group (p=0.002) and in the PPD 
(p=0.015), SBI in test group (p=0.018).

[Table/Fig-3]: Flow chart showing study design.

Estimation of Myeloperoxidase (MPO)
Procedure: GCF Collection: Subjects selected were seated comfortably 
in an upright position in the dental chair with a proper lighting condition. 
The patients were asked to gargle vigorously with a glass of water to 
cleanse the teeth of loosely adherent debris. The selected site was 
then isolated with cotton and dried. Supragingival plaque and calculus 
obstructing access to the entrance of the crevice was carefully removed 
using a curette [23].

Micro capillary pipettes were placed at the opening of the gingival 
crevice and fluid of 2-3 µmL was collected [Table/Fig-5]. 

The collected GCF was immediately transferred into sterile vials 
with transport media (phosphate buffer saline) and transported in 
ice packs to a freezer and stored at -70°c until further analysis 
[24]. The biochemical analysis was done in Maratha Mandal Dental 
College, Belgaum.
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ii. analysis of metabolic Parameters

Glycated haemoglobin (hba1c), Fasting Blood sugar (FBS): 
Intergroup comparison of metabolic parameters is shown in 
[Table/Fig-9]. At baseline and 6 months, there was no significant 

Parameter Group Baseline mean±SD p-value

3 months 6 months

mean±SD p-value mean±SD p-value

PI Test 5.7125±0.71072
0.66

3.3542±0.67436
0.014*

3.6542±0.74131
0.786

Control 5.8±0.68474 3.8208±0.58828 3.5958±0.73985

SBI Test 5.7121±0.82
0.88

3.2542±0.44
0.017*

3.5875±0.73
1

Control 5.7467±0.76 3.6679±0.69 3.5875±0.73

PD Test 1.5267±0.73
1

1.0983±0.43
0.65

1.0461±0.42
0.89

Control 1.5267±0.73 1.1650±0.56 1.0433±0.46

CAL Test 5.4025±0.68
1

4.9875±0.67
0.40

4.9958±0.52
0.48

Control 5.4025±0.68 4.8292±0.61 4.8958±0.46

[Table/Fig-6]: Intergroup comparison of mean scores of PI, SBI, PD, CAL between test and control group at baseline, 3 months and 6 months using independent sample t-test.
(*Significance at p-value ≤0.05); PI: Plaque index; PD: Probing depth; CAL: Clinical attachment level; SBI: Sulcular bleeding index; SD: Standard deviation

Parameter Group Baseline mean±SD p-value

3 months 6 months

mean±SD p-value mean±SD p-value

HbA1c
Test 7.3333±0.73

0.85
6.3750±0.51

0.08
6.6833±0.59

0.63
Control 7.2958±0.71 6.8083±0.55 6.7625±0.54

FBS
Test 155.98±20.1

1
136.8±11.8

0.02*
149.5±19.5

1
Control 155.98±20.1 145.8±14.1 149.5±19.5

[Table/Fig-9]: Intergroup comparison of mean scores of HbA1c and FBS between test and control group at baseline, 3 months and 6 months using independent sample t-test.
(*Significance at p-value ≤0.05); HbA1c: Glycated Hb; FBS: Fasting blood sugar; SD: Standard deviation

Parameters and visits

Paired differences

p-valuemean SD

PI

Baseline to 3 months 1.97917 0.98910 <0.01*

Baseline to 6 months 2.20417 0.79267 <0.01*

3 months to 6 months 0.22500 1.02882 0.295

PD

Baseline to 3 months 0.36167 0.33141 <0.01*

Baseline to 6 months 0.48333 0.40567 <0.01*

3 months to 6 months 0.12167 0.16820 0.002*

CAL

Baseline to 3 months 0.57333 0.30364 <0.01*

Baseline to 6 months 0.50667 0.57968 <0.01*

3 months to 6 months -0.06667 0.47883 0.502

SBI

Baseline to 3 months 2.07875 0.74403 <0.01*

Baseline to 6 months 2.15917 0.83307 <0.01*

3 months to 6 months 0.08042 0.42497 0.364

[Table/Fig-7]: Intragroup comparison of mean scores for control group of PI, SBI, 
PD, CAL at various timelines using paired t-test.
(*Significance at p-value ≤0.05); PI: Plaque index; PD: Probing depth: CAL: Clinical attachment level; 
SBI: Sulcular bleeding index; SD: Standard deviation

Parameters and visits

Paired differences

p-valuemean SD

PI

Baseline to 3 months 2.35833 0.71864 <0.01*

Baseline to 6 months 2.05833 0.73461 <0.01*

3 months to 6 months -0.30000 0.67373 0.040

PD

Baseline to 3 months 0.40348 0.41567 <0.01*

Baseline to 6 months 0.46583 0.41528 <0.01*

3 months to 6 months 0.05217 0.09443 0.015*

CAL

Baseline to 3 months 0.41500 0.25675 <0.01*

Baseline to 6 months 0.40667 0.39235 <0.01*

3 months to 6 months -0.00833 0.34631 0.907

SBI

Baseline to 3 months 2.45792 0.69316 <0.01*

Baseline to 6 months 2.12458 0.85630 <0.01*

3 months to 6 months -0.33333 0.63975 0.018*

[Table/Fig-8]: Intragroup comparison of mean scores for test group of PI, SBI, PD, 
CAL at various timelines using paired t test.
(*Significance at p-value ≤0.05); PI: Plaque Index; PD: Probing depth: CAL: Clinical attachment level; 
SBI: Sulcular bleeding index; SD: Standard deviation

difference in HbA1c, FBS scores between the test and control 
group. Whereas, a significant difference was seen in FBS score at 
3 months (p-value=0.02) but not in the HbA1c scores at 3 months.

Intragroup comparison of metabolic parameters is shown in [Table/
Fig-10,11]. There was a statistically significant improvement in 
HbA1c scores from baseline to 3 months (0.48±0.31) and baseline 
to 6 months (0.533±0.36) in control; (0.95±0.53) from baseline 
to 3 months and (0.65±0.40) from baseline to 6 months in test 
(p<0.01) and also a significant improvement was noted in FBS 
scores at 3 months (10.1±11.52) (19.1±16.16) in control and test 
group, respectively compared to baseline. 

iii. analysis of Biochemical Parameters

total antioxidant capacity (taOc), myeloperoxidase (mPO): 
Intragroup comparison of biochemical parameters is shown in [Table/
Fig-10,11]. There was a statistically significant improvement in TAOC 
and MPO scores at 3 months and 6 months in both groups (test and 
control) compared to baseline scores (p<0.05) and also a significant 
improvement was noted in TAOC level in the test group at 6 months 
compared to 3 months (p<0.01).

Intergroup comparison of biochemical parameters is shown in 
[Table/Fig-12]. There was a significant difference in TAOC, MPO 
scores between the test and control group at 3 months and 
6 months with p-value <0.05. Whereas no statistically significant 
difference was noted in TAOC and MPO scores between both the 
groups at baseline. 

DISCUSSION
This was a double blind randomised controlled trial to evaluate the 
oxidative, inflammatory and glycaemic status in Type 2 Diabetes 
mellitus patient with chronic periodontitis with or without GSE 
formulation. Oxidative stress plays a key role in modulating the 
damage in periodontal tissues and is the underpin mechanism in 
the hyperglycaemic status in diabetes and its complications [27]. 
Periodontitis is regarded as the sixth complication of diabetes 
and both the chronic disorders are related to each other by the 
mechanistic link of inflammation [28]. Thus, it was hypothesised 
that the use of grape seed formulation which is a powerful 
antioxidant will combat the oxidative stress, thereby increasing the 
TAOC in the body, which in turn will reduce the inflammation as 
measured by the MPO levels along with the glycaemic status of 
the diabetic patients which will improve periodontal health, when 
used as an adjunct to scaling and root planing than conventional 
therapy alone [29,30].
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Parameter Group Baseline mean±SD p-value

3 months 6 months

mean±SD p-value mean±SD p-value

TAOC
Test 23.4±2.64

0.89
57.1±2.022

0.001*
42.41±2.12

0.002*
Control 23.566±2.66 39.42±3.05 40.07±2.70

MPO
Test 4.412±0.64

0.65
2.025±0.24

0.003*
1.991±0.212

0.012*
Control 4.32±0.63 2.479±0.670 2.25±0.451

[Table/Fig-12]: Intergroup comparison of mean scores of TAOC and MPO between test and control group at baseline, 3 months and 6 months using independent sample t-test.
(*Significance at p-value ≤0.05); SD: Standard deviation; TAOC: Total antioxidant capacity; MPO: Myeloperoxidase 

In present study, the grape seed formulation was given after four 
weeks of SRP which is to ensure that the pockets are adequately 
healed. This allows the patient sufficient practice with oral hygiene 
skills to achieve maximum improvement [31]. 

However, antidiabetic drugs like metformin can themselves act as 
antioxidants which can also influence the result to be uncertain. It has 
been seen by studies that administration of metformin ameliorates 
the antioxidant status [11]. 

Oxidative stress was measured by TAOC. This parameter provides 
information on the combined effect of the individual antioxidants 
and may account for the influence of antioxidant substances as 
yet undiscovered or those that are technically difficult to analyse 
[13]. Moreover, the decreased TAOC in the peripheral blood in 
the chronic periodontitis subjects with Type 2 Diabetes may be 
one of the pathogenic mechanisms underlying the links between 
periodontal disease and diabetes [12,32]. 

In this study, TAOC was highly significant in the test group than the 
control group at 3 and 6 months. The highly significant increase is 
based on the rationale upon the substantial literature base concerning 
the efficacy of antioxidant micronutrients in reducing extracellular 
oxidative stress [32]. However, there can be a number of reasons for 
the difference in the TAOC value. This can be explained by tendency for 
recalcitrant disease to develop at this stage [33,34]. Moreover, the water 
soluble nature of antioxidants decreases the bioavailability in the body.

The metabolic parameter was measured by the glycated haemoglobin. 
The American Diabetes Association guidelines advices that the 
glycated haemoglobin test should be performed twice a year in 
diabetic patients having stable glycaemic levels and quarterly in 
diabetic patients that are not meeting glycaemic goals [35]. Thus, 
in the present study the glycated haemoglobin was measured at an 
interval of 3 months each to see the effect of the intervention therapy.

Glycated haemoglobin showed significant improvement in both groups 
from baseline to 6 months. The overall improvement can be attributed 
to the nonsurgical therapy performed which has shown to improve the 
glycaemic control which is substantiated by ample meta-analysis [35].

In present study, the body mass index was standardised and 
patients whose BMI was 18.5-30 kg/m2. Overweight is commonly 

defined as a BMI 25-30 kg/m² and obesity as a BMI >30 kg/m². 
Obesity increases the risk of type 2 diabetes and its macrovascular 
complications, i.e., cardiovascular, cerebrovascular and peripheral 
vascular diseases. An increase in BMI also correlated significantly 
with deterioration of HbA1c. Thus, in the present study this range 
was included to ensure that the patients we have included are 
diabetics without any other systemic complications [36].

Inflammation is the underlying key to both diabetes and periodontitis. 
The persisting local inflammation in the periodontal tissues initiates a 
cascade of events which finally leads to insulin resistance in diabetes. 
Hence, the MPO levels in the local periodontal tissues can be 
suggestive of the link to the systemic health in diabetic patients [10].

In the present study, MPO levels showed statistically significant 
reduction in test group having mean value of 4.412±0.64 at baseline 
to 1.991±0.212 at 6 months as well as in the control group with a 
mean value of 4.32±0.63 at baseline to 2.25±0.451 at 6 months. 
The decrease in both groups is in consistent with the study in 2008 
in type 2 diabetic patients wherein MPO levels decreased after 
nonsurgical therapy depicting the reduction of inflammation after 
scaling and root planing [10].

In this study, it was found that the grape seed formulation as 
an adjunct has not shown the effects as desired on the clinical 
parameters. On the other hand, a significant decrease in inflammation 
was noticed as evident from the MPO levels but it failed to show the 
equivalent effect on the clinical parameters. There are no studies at 
present to compare the intervention of GSE as an adjunct to SRP 
on MPO levels as well as clinical parameters. Hence, there is lack of 
literature to correlate the MPO levels with clinical parameters.

Limitation(s)
The drug was administered systemically hence it could have failed 
to reach the adequate concentration in the periodontal tissues 
to show its required effects. Also, the dosage of the antioxidants 
used might be one of the confounding factors in the present 
study which might not be sufficient to reach the target tissues 
to cause the desired effects. Thus, further research to know the 
exact dosage and duration is required to establish its role as an 
adjunct. Anti-diabetic drugs like metformin can act as antioxidants 

Parameters and visits

Paired differences

p-valuemean SD

HbA1c

Baseline to 3 months 0.48750 0.31390 <0.01*

Baseline to 6 months 0.53333 0.36076 <0.01*

3 months to 6 months 0.04583 0.12151 0.07

FBS

Baseline to 3 months 10.15000 11.52498 <0.01*

Baseline to 6 months 6.40000 19.63900 0.12

3 months to 6 months -3.75000 19.22238 0.34

TAOC

Baseline to 3 months -15.85833 3.65655 <0.01*

Baseline to 6 months -16.50833 3.53072 <0.01*

3 months to 6 months -0.65000 4.24653 0.46

MPO

Baseline to 3 months 1.85000 0.68525 <0.01*

Baseline to 6 months 2.07083 0.62726 <0.01*

3 months to 6 months 0.22083 0.34764 0.005

[Table/Fig-10]: Intragroup comparison of mean scores for control group of HbA1c, 
FBS, TAOC, MPO at various timelines using paired t-test.
(*Significance at p-value ≤0.05); HbA1c: Glycated Hb; FBS: Fasting blood sugar; SD: Standard 
deviation; TAOC: Total antioxidant capacity; MPO: Myeloperoxidase 

Parameters and visits

Paired differences

p-valuemean SD

HbA1c

Baseline to 3 months 0.95833 0.53966 <0.01*

Baseline to 6 months 0.65000 0.40000 <0.01*

3 months to 6 months -0.30833 0.50469 0.006

FBS

Baseline to 3 months 19.10833 16.16523 <0.01*

Baseline to 6 months 6.40000 19.63900 0.124

3 months to 6 months -12.70833 19.76488 0.004

TAOC

Baseline to 3 months -33.64167 3.11852 <0.01*

Baseline to 6 months -18.95000 2.88127 <0.01*

3 months to 6 months 14.69167 2.57765 <0.01*

MPO

Baseline to 3 months 2.38750 0.61596 <0.01*

Baseline to 6 months 2.42083 0.66983 <0.01*

3 months to 6 months 0.03333 0.34347 0.63

[Table/Fig-11]: Intragroup comparison of mean scores for test group of HbA1c, 
FBS, TAOC, MPO at various timelines using paired t-test.
(*Significance at p-value ≤0.05); HbA1c: Glycated Hb; FBS: Fasting blood sugar; SD: Standard 
deviation; TAOC: Total antioxidant capacity; MPO: Myeloperoxidase 
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which can also influence the result to certain extent. It has been 
seen by studies that administration of metformin ameliorates the 
antioxidant status. The present study have measured the TAOC 
than the biomarkers of lipid peroxidation, DNA damage and 
protein damage which are more specific biomarkers of oxidative 
stress and implies if the damage is occurring intracellularly or 
extracellularly. Another limitation of the study is that the SRP 
was carried out after the baseline measurements which may 
have interfered with the accurate assessment of improvement in 
clinical parameters. 

CONCLUSION(S) 
This study shows a promising result in using grape seed formulation 
as an adjunct to scaling and root planing to reduce the oxidative 
stress, decreasing the inflammation and achieving the glycaemic 
control in diabetic patients with chronic periodontitis. Currently, 
few studies are available to extrapolate the therapeutic effects 
of antioxidants in dental practice. Although there have been 
promising results, overall benefit: risk ratio should be considered. 
Large scale and unbiased studies addressing the safety and 
standardisation issue are needed to prove its efficacy as an 
adjunct to conventional therapy. 

REFERENCES
 Piero MN, Nzaro GM, Njagi JM. Diabetes mellitus- A devastating metabolic disorder. [1]

Asian Journal of Biomedical and Pharmaceutical Sciences. 2014;04(40):01-07.
 Papapanou P. Epidemiology of periodontal disease: An update. J Int Acad [2]

Periodontol. 1999;1:110-16.
 Daniel R, Gokulanathan S, Shanmugasundaram N, Lakshmigandhan M, Kavin T. [3]

Diabetes and periodontal disease. Journal of Pharmacy and Bioallied Sciences. 
2012;4(6):280.

 Srinivasan PC. Neutrophils-the sentinels of periodontal innate immunity. J Clin [4]
Cell Immunol. 2013;13:002.

 Van Dyke TE, Levine MJ, Genco RJ. Neutrophil function and oral disease. J Oral [5]
Pathol. 1985;14:95-120.

 Peniche-Palma D, Carrillo-Avila B, Sauri-Esquivel E, Acosta-Viana K, [6]
Esparza-Villalpando V, Pozos-Guillen A, et al. Levels of myeloperoxidase and 
Metalloproteinase-9 in gingival crevicular fluid from diabetic subjects with 
and without stage 2, grade b periodontitis. BioMed Research International. 
2019;2019:5613514.

 Hussain T, Tan B, Yin Y, Blachier F, Tossou M, Rahu N. Oxidative stress and [7]
inflammation: What polyphenols can do for us? Oxidative Medicine and Cellular 
Longevity. 2016;2016:7432797.

 Armstrong D, Stratton R. Oxidative stress and antioxidant protection. 1[8] st ed. Wiley 
publishing. 2016.

 Chapple IL. Role of free radicals and antioxidants in the pathogenesis of the [9]
inflammatory periodontal diseases. Clinical Molecular Pathology. 1996;49(5):M247.

 Gonçalves D, Correa F, Khalil N, de Faria Oliveira O, Orrico S. The effect of non-[10]
surgical periodontal therapy on peroxidase activity in diabetic patients: A case-
control pilot study. Journal of Clinical Periodontology. 2008;35(9):799-806.

 Chakraborty A, Chowdhury S, Bhattacharyya M. Effect of metformin on oxidative [11]
stress, nitrosative stress and inflammatory biomarkers in type 2 diabetes patients. 
Diabetes Res Clin Pract. 2011;93(1):56-62. 

 Ceriello A. Oxidative stress and glycaemic regulation. Metabolism. 2000;49(2,Suppl [12]
1):27-29.

 Choi C, Chung H, Choi M, Kang M. Effects of grape pomace on the antioxidant [13]
defense system in diet-induced hypercholesterolemic rabbits. Nutrition Research 
and Practice. 2010;4(2):114.

 Terra X, Pallarés V, Ardèvol A, Bladé C, Fernández-Larrea J, Pujadas G, [14]
et al. Modulatory effect of grape-seed procyanidins on local and systemic 
inflammation in diet-induced obesity rats. The Journal of Nutritional Biochemistry. 
2011;22(4):380-87.

 Özden FO, Sakallioglu EE, Sakallioglu U, Ayas B, Erisgin Z. Effects of grape seed [15]
extract on periodontal disease: An experimental study in rats. Journal of Applied 
Oral Science. 2017;25(2):121-29.

 Katsuda Y, Niwano Y, Nakashima T, Mokudai T, Nakamura K, Oizumi S, et al. [16]
Cytoprotective effects of grape seed extract on human gingival fibroblasts in 
relation to its antioxidant potential. PLoS ONE. 2015;10(8):e0134704.

 Pi-Sunyer F. The medical risks of obesity. Obesity Surgery. 2002;12(S1):S06-11.[17]
 American Academy of Periodontology Task Force Report on the Update to the [18]

1999 Classification of Periodontal Diseases and Conditions. J Periodontology. 
2015;86(7):835-38. 

 Löe H. The gingival index, the plaque index and the retention index systems. J [19]
Periodontology. 1967;38(6):610-16.

 Mühlemann HR, Son S. Gingival sulcus bleeding-A leading symptom in initial [20]
gingivitis. Helvetica Odontologica Acta. 1971;15:107-13.

 Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation of antioxidant [21]
capacity through the formation of a phosphomolybdenum complex: Specific 
application to the determination of vitamin E. Anal Biochem. 1999;269:337-41.

 Ialongo C. Preanalytic of total antioxidant capacity assays performed in serum, [22]
plasma, urine and saliva. Clinical Biochemistry. 2017;50(6):356-63.

 Nazar Majeed Z, Philip K, Alabsi A, Pushparajan S, Swaminathan D. Identification [23]
of gingival crevicular fluid sampling, analytical methods, and oral biomarkers for 
the diagnosis and monitoring of periodontal diseases: A systematic review. 
Disease Markers. 2016;2016:1804727.

 Oezkavafo A, Aras H, Huri CB. Analysis of Factors that may affect the enzymatic [24]
profile of gingival crevicular fluid: Sampling technique, sequential sampling and 
mode of data presentation. J Oral Science. 2001;43(1):41-48.

 Cao C, Smith Q. Crevicular fluid myeloperoxidase at healthy, gingivitis and [25]
periodontitis sites. Journal of Clinical Periodontology. 1989;16(1):17-20.

 Hanson M, Olson J, Nauseef KM. Biosynthesis, processing and sorting of human [26]
myeloperoxidase. Arch Biochem Biophys. 2006,69:04-09.

 Acworth IN, Bailey B. The handbook of oxidative metabolism. ESA, Incorporated; [27]
1995. 

 Saini R, Saini S, Sugandha RS. Periodontal disease: The sixth complication of [28]
diabetes. J Family Community Med. 2011;18(1):31.

 Chis IC, Ungureanu MI, Marton A, Simedrea R, Muresan A, Postescu ID, et al. [29]
Antioxidant effects of a grape seed extract in a rat model of diabetes mellitus. 
Diabetes and Vascular Disease Research. 2009;6(3):200-04.

 Li XL, Li BY, Gao HQ, Cheng M, Xu L, Li XH, et al. Proteomics approach to study the [30]
mechanism of action of grape seed proanthocyanidin extracts on arterial remodeling 
in diabetic rats. International Journal of Molecular Medicine. 2010;25(2):237-48.

 Cobb CM. Non-surgical pocket therapy: Mechanical. Ann Periodontol. [31]
1996;1(1):443-90.

 Chapple IL, Brock GR, Milward MR, Ling N, Matthews JB. Compromised GCF [32]
total antioxidant capacity in periodontitis: Cause or effect? J Clin Periodontol. 
2007;34(2):103-07.

 Quirynen M, Vogels R, Pauwels M, Haffajee AD, Socransky SS, Uzel NG, et al. [33]
Initial subgingival colonization of ‘pristine’ pockets. Journal of Dental Research. 
2005;84:340-44.

 Brock G, Matthews JB, Butterworth CJ, Chapple ILC. Local and systemic total [34]
antioxidant capacity in periodontits and health. J Clin Perio. 2004;31:515-21.

 Grossi SG, Skrepcinski FB, DeCaro T, Robertson DC, Ho AW, Dunford RG, et [35]
al. Treatment of periodontal disease in diabetics reduces glycated hemoglobin. J 
Periodontol.1997;68:713-19.

 Martina T, Tamara P, Ivana PR. Obesity-a risk factor for microvascular and [36]
neuropathic complications in diabetes? Diabetologia Croatica. 2003;32(2):73-78. 

ParticularS OF cOntriButOrS:
1. Faculty, Department of Periodontics, JSS Academy of Higher Education and Research, Mysore, Karnataka, India.
2. Head, Department of Periodontics, JSS Academy of Higher Education and Research, Mysore, Karnataka, India.
3. Head, Department of Medicine, JSS Academy of Higher Education and Research, Mysore, Karnataka, India.
4. Student, Department of Periodontics, JSS Academy of Higher Education and Research, Mysore, Karnataka, India.

PlaGiariSm checkinG methODS: [Jain H et al.]

•  Plagiarism X-checker: Jun 04, 2021
•  Manual Googling: Sep 30, 2021
•  iThenticate Software: Mar 30, 2021 (18%)

etymOlOGy: Author Originname, aDDreSS, e-mail iD OF the cOrreSPOnDinG authOr:
Dr. Sheela Kumar Gujjari,
Head, Department of Periodontics, JSS Academy of Higher Education and Research, 
Mysore, Karnataka, India.
E-mail: sheelagujjari@gmail.com

Date of Submission: jun 03, 2020 
Date of Peer Review: jul 14, 2020
Date of Acceptance: jan 18, 2021

Date of Publishing: apr 01, 2021

authOr DeclaratiOn:
•  Financial or Other Competing Interests:  None
•  Was Ethics Committee Approval obtained for this study?  Yes
•  Was informed consent obtained from the subjects involved in the study?  Yes
•  For any images presented appropriate consent has been obtained from the subjects.  Yes


