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Protein carbonyl: An oxidative stress marker in gingival crevicular fluid in 
healthy, gingivitis, and chronic periodontitis subjects
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Abstract
Background: A defined role for reactive oxygen species (ROS) in the tissue destruction that characterizes periodontitis has been 
described. Protein carbonyl (PC) is the most widely used biomarker for oxidative damage to proteins, and reflects cellular damage 
induced by multiple forms of ROS. The purpose of this study is to determine the presence of PC in gingival crevicular fluid (GCF) in 
healthy, gingivitis, and chronic periodontitis (CP) subjects and to find an association, if any. Materials and Methods: A total number 
of 75 subjects (38 males and 37 females) were selected based on their clinical parameters into three groups: Group 1 (25 healthy 
subjects), Group 2 (25 gingivitis subjects), and Group 3 (25 CP subjects). GCF samples were collected to estimate the levels of PC. 
Results: The PC concentration in GCF was highest in subjects with CP as compared to gingivitis and healthy subjects and a significant 
association was observed between GCF PC levels and all periodontal parameters. Conclusion: There was an increase in PC levels 
in GCF as the disease process progressed from healthy to gingivitis and CP, suggesting a role for increased oxidative stress in CP.
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Introduction

Periodontal disease is an inflammatory disorder in which 
tissue damage occurs through the complex interactions 
between periodontal pathogens and components of the host 
defense mechanism.[1,2] Diagnosis of periodontal disease has 
been primarily based upon clinical and radiographic measures 
of periodontal tissue destruction. While these parameters 
provide a measure of past destruction, they are of limited use 
in diagnosis.[3‑5] The periodontitis phenotype is characterized 
by hyperinflammation involving excess oxygen radical release 
by neutrophilic polymorphonuclear leucocytes[6] and excess 
release of proteolytic enzymes such as neutrophil elastase.[7] 
Evidence is emerging to implicate oxidative stress in the 
pathogenesis of periodontitis.

Oxidative stress is a state of altered physiological equilibrium 
within a cell or tissue/organ, defined as “a condition arising 

when there is a serious imbalance between the levels of free 
radicals in a cell and its antioxidant defences in favour of 
the former.”[8] It is estimated that 1‑3 billion reactive oxygen 
species (ROS) are generated/cell/day, and given this, the 
importance of the body’s antioxidant defense systems to the 
maintenance of health becomes clear.[9]

ROS is a collective term which includes oxygen‑derived free 
radicals  (ODFR), such as the superoxide radical, hydroxyl 
radical, and nitric oxide radical species, and non‑radical 
derivatives of oxygen, such as hydrogen peroxide and 
hypochlorous acid. The presence of one or more unpaired 
electrons in the outer orbitals of ODFR makes such species, 
especially the hydroxyl species, extremely reactive in 
nature.[10]

Protein carbonylation is a type of protein oxidation that 
can be promoted by ROS. ROS can react directly with the 
protein or they can react with molecules such as sugars 
and lipids, generating products (reactive carbonyl species) 
which then react with the protein. Direct oxidation of 
proteins by ROS yields highly reactive carbonyl derivatives 
resulting either from oxidation of the side chains of lysine, 
arginine, proline, and threonine residues  –  particularly 
via metal‑catalyzed oxidation[11] – or from the cleavage of 
peptide bonds by the α‑amidation pathway or by oxidation 
of glutamyl residues. Glutamic semialdehyde, a product 
of oxidation of arginine and proline, and aminoadipic 
semialdehyde, a product of oxidation of lysine, are the main 
carbonyl products of metal‑catalyzed oxidation of proteins, 
this reaction being a major route leading to the generation 
of protein carbonyls  (PCs) in biological samples.[12] PC is 
the most widely used biomarker for oxidative damage to 
proteins, and reflects cellular damage induced by multiple 
forms of ROS.[13‑15]
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Individuals manifesting the most advanced periodontal 
disease exhibit the high levels of salivary PCs[16,17] and 
also gingival crevicular fluid (GCF) and serum PC levels are 
significantly higher in chronic periodontitis (CP) group.[18]

Thus, in view of the aforementioned findings, this 
clinico‑biochemical study was undertaken to estimate the 
PC levels in GCF in clinically healthy periodontium, gingivitis, 
and CP subjects and to assess the role of PC as a marker of 
oxidative stress.

Materials and Methods

The study population consisted of 75 age‑  and gender-
balanced subjects  (37  females and 38  males; age range: 
25‑45  years) attending the outpatient section of the 
Department of Periodontics, Government Dental College 
and Research Institute, Bangalore, Karnataka, India. Written 
informed consent was obtained from those who agreed to 
participate voluntarily. Ethical clearance was obtained from 
the institution’s Ethical Committee and Review Board. Subjects 
with aggressive periodontitis, hypertension, a smoking 
habit, 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. Each subject underwent a full 
mouth periodontal probing and charting, along with periapical 
radiographs using the long‑cone technique. Radiographic bone 
loss was recorded dichotomously  (presence or absence) to 
differentiate CP patients from other groups. Furthermore, no 
delineation was attempted within the CP group based on the 
extent of alveolar bone loss. Based on the gingival index (GI),[19] 
probing pocket depth (PPD), clinical attachment loss (CAL), and 
radiographic evidence of bone loss, subjects were categorized 
into three groups. Group 1 (healthy) consisted of 25 subjects 
with clinically healthy periodontium, with GI = 0, PPD ≤ 3 mm, 
and CAL = 0, with no evidence of bone loss on radiograph. 
Group 2  (gingivitis) consisted of 25 subjects who showed 
clinical signs of gingival inflammation, GI > 1, PPD ≤ 3 mm, 
and had no attachment loss or radiographic bone loss. 
Group 3 (CP) consisted of 25 subjects who had signs of clinical 
inflammation, GI > 1, CAL > 1, in 30% of sites with radiographic 
evidence of bone loss and PPD ≥ 5 mm 4 mm in 30% of sites.

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  (PB). 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 CAL and signs of inflammation, along 
with radiographic confirmation of bone loss, was 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 GCF was collected 
with Periopaper (Ora Flow Inc., Amityville, NY, USA) using the 
intra‑crevicular method “superficially” developed by Loe and 
Holm‑Pederson.[20] 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 for gingivitis patients and scaling and root 
planing for periodontitis patients, was performed at the same 
appointment after GCF collection.

Blood collection
Two milliliters of blood were collected from the antecubital 
fossa by venipuncture using a 20‑gauge 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.

PC analysis
The samples were analyzed using PC Assay Kit  (Cayman 
Chemical Company, Ann Arbor, MI, 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.

Statistical analysis
The data were analyzed using statistical software  (SPSS 
version 10.5, SPSS, Chicago, USA). Power calculations were 
performed before the study was initiated. To achieve 90% 
power and detect mean differences of the clinical parameters 
between groups, 25 sites per group were required. Analysis 
of variance (ANOVA) and Bonferroni’s test were carried out 
for a comparison of GCF PC levels between the groups. Using 
Pearson’s correlation coefficient, the relationship between 
GCF PC levels and the clinical parameters were analyzed. 
P < 0.05 were considered statistically significant.

Results

The descriptive statistics along with the mean ± SD of age, 
sex, PPD, and CAL of the sites of GCF sample collection (of 
all groups) are tabulated in Table 1. All the samples in each 
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group tested positive for PC. Table 2 shows that mean PC 
concentration in GCF was highest for Group 3 followed by 
Group 2 and least in Group 1. When Groups 1 and 2, 1 and 3, 
and 2 and 3 were compared, the differences in the mean GCF PC 
concentrations were statistically significant [Table 2]. Pearson 
correlation coefficients between the clinical parameters and 
PC levels are tabulated in Table 3. The correlation between 
PC levels and PPD was found to be significantly strong in all 
the groups. However, the correlation between PC levels and 
GI was found to be significant only in Group 2 and weak 
positive (not statistically significant at P > 0.05) correlation in 
Group 3. The correlation between PC levels and CAL was found 
to be positive and statistically significant (P > 0.05) in Group 3.

Discussion

There now exists convincing evidence that oxidative stress 
and ROS play an important role in the etiology and/or 
progression of a number of human diseases.[21] Actually, 
the medical significance of oxidative stress has become 
increasingly recognized to the point that it is now considered 
to be a component of virtually every disease process. More 
recently, evidence has also emerged for a crucial role of ROS 
in periodontal tissue destruction.[22] ROS generation secondary 
to polymorphonuclear leukocyte infiltration, a key host 
defense mechanism against bacterial invasion,[23‑27] has been 
implicated in “bystander” destruction of periodontal tissue. 
To investigate the role of oxidative stress and ROS in the 
pathogenesis and/or progression of human diseases, the use of 
appropriate biomarkers is necessary. In determining whether 
to use lipids, DNA, or proteins as a marker of oxidative stress, 
the nature of the ROS will play a significant role.

Many different types of protein oxidative modification 
can be induced directly by ROS or indirectly by reactions 
of secondary by‑products of oxidative stress.[28] Protein 
carbonylation is a type of protein oxidation that can be 
promoted by ROS and protein carbonylation is the most 
widely used biomarker for oxidative damage to proteins, 
and reflects cellular damage induced by multiple forms of 
ROS.[13‑15] PC has a major advantage over lipid peroxidation 
products as markers of oxidative stress: Oxidized proteins 
are generally more stable. PC forms early and circulate in the 
blood for longer periods (its elevation in serum is stable for 
at least 4h),[29] compared with other parameters of oxidative 
stress, such as glutathione disulfide and malondialdehyde. 
The formation of PC seems to be a common phenomenon 
during oxidation, and its quantification can be used to 
measure the extent of oxidative modification.

Our study comprised of three groups  (healthy, gingivitis, 
and CP); these groups helped us to evaluate the role of PC 
in periodontal health and disease. The influence of age 
and gender on the PC concentration was minimized by 
including an equal number of males and females in each 
group and selecting the subjects within the specified age 
group (25‑45 years). In this study, significantly higher levels 
of serum and GCF PC in CP than gingivitis and periodontal 
healthy subjects were found and it may be a sign of significant 
increase in local periodontal oxidative damage in CP.

The results of this study indicated that concentration of PC 
in GCF increased progressively from healthy to periodontitis 
sites, whereas in periodontitis sites  (Group  3), the mean 
concentration of PC was higher than the concentrations 
obtained in Groups 1 and 2, suggesting that oxidative stress 
increases as the periodontal disease advances from health to 
gingivitis and is much higher in CP. The results of this study 
are also in accordance with those of Baltacioglu et al., which 
reported an increase in PC levels in both serum and GCF of 
patients with CP as compared to healthy controls. Also, the 
concentration of PC in healthy controls and CP patients in 
both serum and GCF in their study was of similar range as 
found in this study.[18]

In this 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 

Table 2: Results of analysis of variance and pair‑wise comparison using Bonferroni’s test of the mean gingival crevicular 
fluid protein carbonyl levels between three groups

Study groups Protein carbonyl 
(mean+SD)

ANOVA Pairs Bonferroni’s test

F value P value Mean 
difference (I‑J)

P value

Group 1 114.37±19.52 55.74 <0.001* Group 1 versus group 2 −53.04* <0.001*

Group 2 167.41±46.06 Group 1 versus group 3 −113.54* <0.001*

Group 3 227.91±42.89 Group 2 versus group 3 −60.59* <0.001*

*Significant at P value<0.05. ANOVA: Analysis of variance

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

Study group Group 1 
(n=25)

Group 2 
(n=25)

Group 3 
(n=25)

Age (in years) 32.80±4.383 34.67±3.623 36.70±5.299

Sex (M/F) 13/12 12/13 13/12

GI ‑ 1.83±0.29 2.12±0.56

PPD 1.52±0.51 2.52±0.51 7.36±1.22

CAL ‑ ‑ 5.84±1.25
GI: Gingival index; PPD: Probing pocket depth; CAL: Clinical attachment 
loss
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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. GCF 
samples were pooled per subject to ensure sufficient assay 
sensitivity and the patient was used as the unit of analysis. 
Site‑specific differences were therefore not analyzed. The PC 
levels found in healthy subjects in 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.

Elevated levels of PC are generally a sign not only of oxidative 
stress but also of disease‑derived protein dysfunction 
and oxidative damage contributing to complicate the 
pathophysiology of the disease.[14,30] In addition to the 
well‑established roles of protein carbonylation in oxidative 
stress, this oxidation process may also play roles in cell signal 
transduction as described by Suzuki et al.[31,32] This suggests 
that cellular regulatory mechanisms of protein carbonylation 
may be complex, which might include means to promote 
and eliminate PC.

These pathophysiological roles of protein carbonylation 
in oxidation stress and oxidant signaling suggest that 
compounds, which regulate carbonyl content, may have 
clinical value. Identification of carbonylated‑proteins may 
provide new diagnostic biomarkers for oxidative damage 
which occurs in periodontitis.

Conclusion

Increase in GCF concentration of PC confirms the critical role 
of PC in periodontal destruction and shows that oxidative 
stress increases as the periodontal disease advances from 
health to CP. Within the limitations of this study, it can 
be postulated that increased concentrations of PC can be 
detected in GCF in healthy, gingivitis, and CP subjects. 
However, further longitudinal studies are needed to validate 
PC as a “marker of oxidative stress” in periodontal disease 
progression.
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