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4‑Hydroxy‑2‑nonenal, an oxidative stress marker in crevicular fluid and 
serum in type 2 diabetes with chronic periodontitis
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Abstract
Objective: Chronic periodontitis (CP) is a common, chronic inflammatory disease initiated by bacteria, which has an increased 
prevalence and severity in patients with type 2 diabetes mellitus (t2 DM). A variety of reactive oxygen species are able to 
cause direct damage to proteins, deoxyribonucleic acid, carbohydrates and lipids. Lipid peroxidation is always combined 
with the formation of reactive aldehydes like 4‑Hydroxy‑2‑nonenal (HNE). The purpose of this study was to determine the 
presence of the HNE‑His adducts levels in serum and gingival crevicular fluid (GCF) in t2 DM among CP subjects and to 
find an association, if any. Materials and Methods: A total of 40 subjects (20 males and 20 females) were selected based 
on their clinical parameters into three groups: Group 1 (10 healthy), Group 2 (15 subjects, CP without t2 DM), Group 3 
(15 subjects, CP with t2 DM). Serum and GCF samples were collected to estimate the levels of the HNE‑His adducts by 
the enzyme linked immunosorbent assay. Results: The mean HNE‑His adducts concentration both in serum and GCF was 
highest for Group 3 followed by Group 2 and least in Group 1. Conclusions: All samples in each group tested positive 
for HNE‑His adducts assay. Serum and GCF HNE‑His adducts concentration both in t2 DM with CP and non‑diabetic CP 
subjects were higher than the healthy controls. Further large scale longitudinal studies should be carried out to confirm 
positive correlations.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic syndrome, 
which has reached epidemic proportions world-wide 
and represents a serious public health concern. Type 2 
diabetes mellitus (t2 DM) is characterized by defective 
insulin secretion in pancreatic β-cells in response to 
glucose and by deficiencies in the action of insulin on its 
target tissues. Current evidence suggests that oxidative 
stress may be the underlying pathological condition 
associated with the development of pre-diabetic and 
diabetic conditions and may also be responsible for the 
complications of diabetes.[1] Periodontitis is implicated as 
the sixth complication of DM.[2]

Chronic periodontitis (CP) is considered an inflammatory 
disorder that damages tissues through complex interactions 
between the periodontopathic bacteria and host defense 
systems. Several mechanisms of periodontal tissue destruction 
have been proposed and include a complex array of factors such 
as those derived from the immune response, direct bacterial 
influence and the host system in response to this trauma. 
The popularist view would hold that a primary etiological 
influence is the engagement of bacterial and host enzymes, 
including proteases, metalloproteinases and glycosidases, in 
the destruction of periodontal tissues.[3-5] There is no doubt 
that this is a major causative effect, but it is now clear that the 
influence of other damaging metabolic species, like reactive 
oxygen species (ROS), cannot be overlooked.

A defined role for ROS in the tissue destruction that 
characterizes periodontitis has been described.[6] Within 
the gingival crevice, neutrophils perform an innate cellular 
host defense role and contribute half of the leukocytes 
infiltrating the junctional epithelium and 90% of the leukocytes 
isolated from crevicular fluid.[7] The combination of bacterial 
phagocytosis and secretion of proteolytic enzymes and 
immunomodulatory compounds that assist in the killing 
and digestion of bacteria, is accompanied by a “respiratory 
burst” – the sudden increase in non-mitochondrial oxidative 
metabolism, producing superoxide radicals and a battery of 
other ROS via the leucocyte nicotinamide adenine dinucleotide 
phosphate-oxidase (NADPH-oxidase) complex.[8] Unfortunately, 
during the course of this upregulated neutrophil activity, ROS 
may cause excessive and indiscriminate “collateral” host-tissue 
damage when the ROS-antioxidant balance is upset.[9]
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Oxidative stress is defined as the condition occurring when 
the physiological balance between oxidants and antioxidants 
is disrupted in favor of the former with potential damage 
for the organism.[10] It is known that ROS, particularly the 
active OH radical, can degrade a number of structurally and 
metabolically functional macromolecules in an effort to 
balance its unpaired electronic state. A variety of ROS are 
able to cause direct damage to proteins, deoxyribonucleic 
acid, carbohydrates and lipids.[11]

Lipid peroxidation is always combined with the formation 
of reactive aldehydes.[12,13] 4-Hydroxy-2-nonenal (HNE) is 
a major aldehydic end product, which derives from n-6 
polyunsaturated fatty acids such as linoleic acid, linolenic 
acid and arachidonic acid.[13] The compound undergoes a 
number of reactions with proteins, peptides, phospholipids 
and nucleic acids. Therefore, HNE has a high biological activity 
and exhibits a number of cytotoxic, mutagenic, genotoxic 
and further signal effects.[14,15]

HNE is present in cells and tissues under normal conditions[16] 
and the detection of its increased steady-state level is often 
taken as a specific marker of oxidative stress.[17]

Quantitatively, proteins and peptides represent the most 
important group of HNE-targeted biomolecules. Adduction 
to and modification of functional and/or signaling proteins 
most likely represents one of the main mechanisms by which 
HNE can influence physiological as well as pathological 
processes.[18]

Until date, no study has reported HNE-His (HNE-Histidine) 
adducts levels in gingival crevicular fluid (GCF) in CP patient 
with and without type 2 diabetes neither correlated them 
with HNE-His levels in serum. In this context, this present 
clinic-biochemical study is designed to assess the role of 
HNE-His levels in periodontal disease and diabetes as a 
marker of oxidative stress in GCF and serum.

Materials and Methods

The study was carried out from June 2011 to November 
2011. The study group consisted of 40, age and gender 
balanced subjects (25-45 years; gender: 20 males and 
20 females) attending the out-patient section, Department 
of Periodontics, Government Dental College and Research 
Institute, Bangalore. Written informed consent was obtained 
from those who agreed to participate voluntarily. Patients 
with aggressive periodontitis, hypertension, a smoking 
habit (current or former), gross oral pathology, heart 
diseases, rheumatoid arthritis, tumors, or any other systemic 
disease that can alter the course of periodontal disease, or 
those who had any course of medication affecting periodontal 
status or had received periodontal therapy in the preceding 
6 months were excluded from the study. The Ethical 
Clearance was approved by Institutional Ethical Committee 

and Review Board. Each subject underwent a full-mouth 
periodontal probing and charting, body mass index (BMI) 
charting as per World Health Organization guidelines[19] 
and periapical radiographs were taken using the long cone 
technique. Only subjects having BMI in the normal range of 
18.5-22.9 kg/m2,[19] were selected in this study. Radiographic 
bone loss was recorded dichotomously (presence or absence) 
to differentiate patients with CP from other groups. Subjects 
were categorized into three groups based on the gingival 
index (GI),[20] probing pocket depth (PPD), periodontal 
attachment level (PAL) and radiographic evidence of 
bone loss. Group 1 (healthy) consisted of 10 subjects 
with clinically healthy periodontium, GI = 0 (absence of 
clinical inflammation), PPD ≤3 mm and PAL = 0, with no 
evidence of bone loss on radiographs. Group 2 (CP without 
t2 DM) consisted of 15 subjects who had signs of clinical 
inflammation, GI > 1, PPD ≥ 5 mm and PAL ≥ 3 mm, with 
radiographic evidence of bone loss, Group 3 (t2 DM among 
CP subjects) consisted of 15 subjects who had signs of clinical 
inflammation, GI > 1, PPD ≥ 5 mm and PAL ≥ 3 mm, 
hemoglobin A1c (HbA1c) ≤7% with radiographic evidence of 
bone loss. Only well‑controlled (HbA1c ≤ 7%) t2 DM subjects 
were selected based on American Diabetes Association’s 
criteria for diagnoses of diabetes.[21]

Site selection and GCF fluid collection
All clinical examinations, radiographs, group allocations 
and sampling site selections were performed by one 
examiner (ARP) and the samples were collected on the 
subsequent day by a second examiner (EA). This was to 
prevent contamination of GCF with blood associated 
with the probing of inflamed sites. A calibrated examiner 
performed all the clinical assessments using a University of 
North Carolina-15 periodontal probe, to ensure adequate 
intra-examiner reproducibility in patients with CP, the site 
showing the greatest PAL and signs of inflammation, along 
with radiographic confirmation of bone loss, were selected 
for sampling. After making the subjects sit comfortably in an 
upright position on the dental chair, the selected test site 
was air dried and isolated with cotton rolls. Without touching 
the marginal gingiva, supragingival plaque was removed to 
avoid contamination of the paper strips and the GCF was 
collected using the paper strips (Periopaper) (Ora Flow 
Inc., Amityville, NY USA) using the intracrevicular method 
“superficial” developed by Loe and Holm-Pederson for 30 s.[22] 
The absorbed GCF volume of each strip was determined 
by electronic impedance (Periotron 8000, ProFlow Inc., 
Amityville, NY, USA). The same method was used to obtain 
GCF samples from the control group.

Two Periopaper strips that absorbed GCF for each subject 
were pooled and the Periopaper strips were placed in 
a sterile eppendorf vial containing 400 µl of phosphate 
buffer saline and kept at − 70°C until analyzed. Periopaper 
strips contaminated with blood and saliva were excluded or 
discarded. Periodontal treatment scaling and root planning 
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was performed for periodontitis patients at the same 
appointment after GCF collection.

Blood collection
A total volume of 2 ml of blood was collected from the 
antecubital fossa by venipuncture using a 20-gauges 
needle with 2-ml syringe and immediately transferred to 
the laboratory. The blood sample was allowed to clot at 
room temperature and after 1 h serum was separated from 
blood by centrifuging at 3000 g for 5 min. The serum was 
immediately transferred to a plastic vial and stored at −70°C 
until the time of assay.

Method of estimation of 4‑hydroxynonenal
The samples were analyzed using HNE-His Adduct ELISA 
Kit, Cell Biolabs, Inc., San Diego, CA, USA. The GCF sample 
tubes were homogenized for 30 s and centrifuged for 5 min 
at 1,500 g to elute. Assays were carried out according to 
the manufacturer’s recommendations. Briefly bovine serum 
albumin (BSA) standards or protein samples were adsorbed 
onto a 96‑well plate for 2 h at 37°C. The HNE‑protein adducts 
present in the sample or standard were probed with an 
anti-HNE-His antibody, followed by an Horseradish peroxidase 
(HRP) conjugated secondary antibody. The HNE-protein 
adducts content in an unknown sample was determined 
by comparing with a standard curve that is prepared from 
pre-determined HNE-BSA standards.

Statistical analysis
All data were analyzed using a software program (SPSS Inc., 
version 17.1, Chicago, IL, USA). Test for the validity of the 
normality assumption using standardized range statistics 
was carried out and it was found that the assumption is 
valid. Analysis of variance (ANOVA) and Scheffe’s test was 
carried out for a comparison HNE-His adducts levels between 
the groups. Using Pearson’s correlation coefficient, the 
relationship between HNE-His adducts concentration and the 
clinical parameters were analyzed using a software program. 
P < 0.05 was considered statistically significant.

Results

The descriptive statistics along with the mean ± SD of both 
serum and GCF (of all groups) are tabulated in Table 1. All 
samples in each group tested positive for HNE-His assay. 
The mean HNE-His concentration both in serum and GCF 
was highest for Group 3 followed by Group 2 and least in 
Group 1. To find out the equality of means between the 
three groups ANOVA test was carried out [Table 2]. Table 3 
shows multiple comparisons using Scheffe’s test, which was 
carried out to find out, which pair or pairs differ significantly 
at 5% level of significance. When Groups 1 and 2, 1 and 
3, 2 and 3 were compared the differences in their means 
were statistically significant in both serum and GCF. Pearson 
correlation coefficient between the clinical parameters and 
HNE-His levels (serum and GCF) are tabulated in Table 4. The 

correlation between serum and PPD was found to be weak in 
Group 3, but strong and statistically significant in Group 1 
and Group 3. However, the correlation between serum and 
GI was found to be positive and statistically significant in 

Table 4: Results of pearson correlation coefficient test

Parameters Group 1 Group 2 Group 3

Serum

GI - 0.023 −0.141

PPD −0.667* −0.465 0.063

PAL - −0.425 0.057

GCF

GI - −0.124 −0.030

PPD −0.220 −0.135* 0.681*

PAL - 0.090 0.734*

Serum

GCF 0.461 0.314 0.302
*Significant at P<0.05. GI: Gingival index; PPD: Probing pocket depth; 
PAL: Periodontal attachment level; GCF: Gingival crevicular fluid

Table 1: Descriptive statistics of study population 
(mean±SD)

Study group Group 1 
(n=10)

Group 2 
(n=15)

Group 3 
(n=15)

Age (in years) 28.20±4.31 35.80±5.93 36.60±3.31

GI - 2.133±0.51 2.133±0.51

PPD 1.70±0.48 6.93±1.48 9.67±1.04

PAL - 6.13±1.18 7.73±0.79

Serum HNE-His (µmol/l) 0.29±0.03 0.38±0.05 0.63±0.00

GCF HNE-His (µmol/l) 0.48±0.05 0.57±0.04 0.96±0.01
GI: Gingival index; PPD: Probing pocket depth; PAL: Periodontal 
attachment level; HNE: Hydroxy-2-nonenal; SD: Standard deviation; 
GCF: Gingival crevicular fluid

Table 2: Results of ANOVA comparing the mean serum 
and GCF HNE-His (µmol/l) between three groups

Study groups Serum GCF

F value P value F value P value

Group 1 185.141 <0.001* 378.549 <0.001*

Group 2

Group 3
*Significant at P<0.05. ANOVA: Analysis of variance; GCF: Gingival 
crevicular fluid; HNE: Hydroxy‑2‑nonenal

Table 3: Pair-wise comparison using Scheff’s test for 
serum and GCF HNE-His (µmol/l)

Study groups Serum 
P value

GCF 
P value

Group 1 and group 2 <0.001* <0.001*

Group 1 and group 3 <0.001* <0.001*

Group 2 and group 3 <0.001* <0.001*
*The mean difference is significant at P<0.05. GCF: Gingival crevicular fluid; 
HNE: Hydroxy-2-nonenal
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Group 2 and weak (not statistically significant at P > 0.05) 
correlation in Group 3. The correlation between Serum 
and PAL was found to be positive but weak in Group 2 and 
positive and statistically significant in Group 3 [Table 4].

The correlation between GCF and PPD was found to be 
weak and negative in the Group 1, negative and strong in 
Group 2 and positive and strong Group 3. The correlation 
between GCF and GI was found to be negative in the Group 2 
and 3 (P > 0.05). Also, statistically significant positive 
correlation was observed between GCF and PAL in Groups 3. 
Furthermore, there was no significant correlation between 
GCF and serum values in any group.

Discussion

Periodontitis has been identified as the sixth complication of 
diabetes[2] and its prevalence in type 2 diabetic patients is 
more than twice that of non-diabetic patients.[23-26] Diabetic 
patients display an increased severity of disease[25,27,28] with 
severity being related to diabetic control[25] but unrelated 
to diabetic duration.[27] However, periodontitis appears to 
have a reciprocating negative impact on diabetic status[28] 
and significant relationships between periodontitis and 
both impaired glucose tolerance[29] and diabetic retinopathy 
have been reported.[30] Furthermore, periodontitis patients 
have been reported to have higher resting plasma glucose 
levels than control patients[31] and experimental periodontitis 
increases blood glucose levels in diabetic rats.[32]

That periodontitis is a strong independent predictor of 
mortality from ischemic heart disease and the development 
of diabetic nephropathy has been suggested by a prospective, 
longitudinal study of 628 diabetic subjects (type 2) of the 
Pima Indian race.[33] Support for this has come from several 
studies that have shown that improved periodontal health, 
achieved through periodontal therapy, improves the metabolic 
control of type 2 diabetes as measured by HbA1c levels.[34-36]

We suggest that oxidative stress and consequently lipid 
peroxidation is a common factor in periodontal disease, 
type 2 diabetes and perhaps the “pre-diabetic” condition and 
that the imbalance in redox control resulting independently 
from these disease states acts synergistically and amplifies in 
a bidirectional manner the biochemical and clinical course of 
these diseases.

Lipid peroxidation is always combined with the formation 
of reactive aldehydes.[12,13] 4-HNE is a major aldehydic end 
product, which derives from n-6 polyunsaturated fatty acids 
such as linoleic acid, linolenic acid and arachidonic acid.[13] The 
compound undergoes a number of reactions with proteins, 
peptides, phospholipids and nucleic acids. Therefore, HNE has 
a high biological activity and exhibits a number of cytotoxic, 
mutagenic, genotoxic and further signal effects.[14,15]

Quantitatively, proteins and peptides represent the most 
important group of HNE-targeted biomolecules. Therefore, 
this present clinic-biochemical study was performed to assess 
the role of HNE-His levels in periodontal disease and diabetes 
as a marker of oxidative stress in GCF and serum.

Our study comprised of three groups (healthy, CP without t2 
DM and t2 DM with CP), these groups helped us to evaluate 
the role of HNE-His in periodontal disease with or without t2 
DM. The influence of age and gender on the PC concentration 
was minimized by including an equal number of males and 
female in each group and selecting the subjects within the 
specified age group (25-45 years).

In the present study, GCF was collected using the absorbent 
filter paper strips. The advantages of the technique are that 
it is quick and easy to use, can be applied to individual sites 
and possibly, is the least traumatic when correctly used. The 
electronic measuring device, the Periotron, allowed accurate 
determination of the GCF volume and subsequent laboratory 
investigation of the sample composition.[37] The variability of 
HNE-His concentration within the patients of each group can 
be attributed to the role of HNE-His in different stages of the 
disease process at the time of collection of GCF and serum 
samples. The wide range observed in the HNE-His levels in 
healthy and periodontitis could result, in part, from differences 
in disease activity and crevicular fluid flow as well as from the 
variations in the number of  Polymorphonuclear neutrophils 
migrating into the crevice. The HNE-His levels found in healthy 
subjects in the absence of diseased sites may be because many 
of our diseased sites were probably stable and some healthy 
sites may have been undergoing active attachment loss.

The results of the present study indicated that concentration 
of HNE-His in serum and GCF increased progressively from 
healthy to periodontitis sites, while in periodontitis sites in 
type 2 diabetes subjects (Group 3) the mean concentration 
of HNE-His was higher than the concentrations obtained 
in Group 1 and Group 2, suggesting that oxidative stress 
increases as the periodontal disease advances from health 
to CP and is much higher in CP subjects with t2 diabetes.

Thus, suggesting the role of oxidative stress and emphasizing 
the role of HNE-His adducts as a marker of oxidative stress 
in CP and t2 diabetes.

Thus, current evidence points to a bidirectional interrelationship 
between diabetes and periodontitis. Excess ROS generated by 
peripherally primed neutrophils in the periodontitis state and 
reduced peripheral antioxidant levels[38,39] may further tax an 
already compromised local and peripheral antioxidant defense 
in the diabetic state. When both conditions co-exist the balance 
is tipped towards stimulation of redox-sensitive pathways with 
downstream upregulation of inflammation and associated 
insulin resistance, compromising blood glucose control and 
contributing to the development of diabetic complications.
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There is a need for more detailed studies on the relevance of 
lipid peroxidation, which is stated to play a significant role 
in the etiology and pathogenesis of various diseases such as 
diabetes and periodontitis. Identification of lipid peroxidation 
products may provide new diagnostic biomarkers for 
oxidative damage, which occurs in periodontitis and diabetes 
and to clarify the correlation between the two.

Efforts to develop therapeutic strategies aimed at limiting 
ROS production or increasing the rate of removal by 
antioxidant mechanisms in diabetic patients have been 
advocated.[40,41] Further work is required to develop treatment 
strategies aimed at improving the antioxidant capacity in 
the periodontitis state both as local and systemic therapy, 
especially in high-risk patients with diabetes.
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