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Abstract: 
 

Title of Thesis: Antioxidants in Periodontitis: A systematic review 

Gonzalo Blasi Beriain, Master of Science, 2016 

Thesis Directed by: Dr. Mary-Elizabeth Aichelmann-Reidy  

The involvement of reactive oxygen species in periodontal disease is still not clear but it 

will possibly be modulated by antioxidants defense. There is some evidence of reduced 

antioxidant defense in periodontitis. The goal of this review is to determine local 

antioxidant capacity in gingival crevicular fluid as seen in periodontal disease and in 

health.  

A comprehensive literature search through January 2016 was performed using Ovid 

Medline, Scopus and Cochrane Library for all literature related to antioxidant markers in 

gingival crevicular fluid in health and disease in humans. Seventeen articles satisfied the 

inclusion and exclusion criteria. Four antioxidants including, total antioxidant capacity 

(TAOC), superoxide dismutase (SOD) and melatonin were significantly reduced in 

periodontitis when compared to healthy controls. In contrast, lactoferrin levels increase in 

periodontal disease GCF. 

In conclusion, our findings suggest that TAOC, SOD and melatonin are quantitatively 

higher in healthy gingiva than diseased and appear to reflect increased oxygen radical 

activity during periodontal inflammation. Lactoferrin is elevated and represents the level 

of oxidative stress in periodontitis. 
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I. Introduction: 

 

A. Periodontitis (definition and pathophysiology): 

Periodontal disease is one of the most prevalent inflammatory conditions that affects 47% 

of adults, with moderate severity, in the United States [1]. The inflammatory process, 

initiated by the microbial biofilm results in destruction of the supporting structures of the 

dentition, namely bone, cementum and the periodontal ligament which ultimately results 

in tooth loss. The inflammatory process is initiated and perpetuated by a small group of 

predominantly gram-negative, anaerobic bacteria that colonize the subgingival area. 

These bacteria produce toxic products and indirectly influence the inflammatory process 

by activating and modulating the host defense systems. The inflammatory and immune 

response caused by this bacteria colonized the periodontal tissues can ultimately affect 

the peripheral systems of the body via systemic circulation. This creates a complex bi-

directional series of host microbial interactions involving cellular and humoral factors, as 

well as, networks of cytokines, chemokines and growth factors [2-4]. 

 B. The role of neutrophils in periodontal disease (oxidative stress): 

Neutrophils (PMNs) are the most predominant leukocyte within the healthy connective 

tissue and epithelium of the gingiva. These cells constitute the primary cellular host 

resistance factor against infection.  [5] 

They provide more than just a passive barrier function. Neutrophils provide antimicrobial 

function in two ways: they possess a secretory structure (reactive oxygen species [ROS] 
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and proteolytic enzymes) as well as a unified phagocytic apparatus. This protection is not 

without cost as a clear association between neutrophil infiltration into the periodontal 

tissues and the severity and progression of inflammatory periodontal disease has been 

demonstrated. Upon recognition of a phagocytic or soluble stimulus, neutrophils 

experience a ‘respiratory burst’, which is characterized by an increase in oxygen 

consumption, activation of the hexose-monophosphate shunt and generation of free 

radicals, reactive species and their metabolic products. [6] [7] 

Free radicals are defined as atoms that contain one or more unpaired electrons. These are 

highly reactive and try to extract electrons by oxidizing different biomolecules to 

stabilize themselves. Once the free radicals are formed, they tend to initiate a chain 

reaction that can result in the disruption of a living cell. At sites of chronic inflammation, 

there is considerable over production of free radicals and reactive species. The species 

implicated in inflammatory injuries to tissues include oxygen derived free radicals, 

reactive chlorine species and reactive nitrogen species. This process results in host tissue 

damage and thus, may contribute to the destructive process in severe periodontal disease. 

[8] [9] [10] 

C. Reactive Oxygen Species (ROS) 

One of the most common free radicals are the reactive oxygen species (ROS). In health, 

ROS are produced during various physiologic processes. ROS not only play an important 

role in cell signaling and metabolic processes but also contribute to pathogenic processes 

in a variety of inflammatory disorders. [8, 11]  
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Oxidative stress arises when the balance between ROS and antioxidant is disturbed from 

either an excess of ROS or a reduction of antioxidants. [12] 

There are two sources of reactive oxygen species. Exogenous sources include heat, 

trauma, ultrasound, ultraviolet light, ozone, smoking, exhaust fumes, radiation, infection, 

excessive exercise, and therapeutic drugs. Endogenous sources include bi-products of 

metabolic pathways and �functional generation by host defense cells.  [13] 

The mechanism by which ROS cause periodontal tissue damage and destruction include: 

lipid peroxidation, protein damage and DNA damage.[8] 

D. The role of ROS and antioxidants in chronic periodontitis. 

Chronic periodontitis is a result of an inflammatory and inmmune response to bacterial 

plaque in the gingival tissues and a prolonged release of PMN enzymes and ROS. The 

role of ROS in tissue damage can be direct or indirect. Chronic inflammatory conditions, 

such as periodontal disease, are associated with increased oxidative stress due to the 

generation of oxidative burst by neutrophils and other phagocytes. Several studies 

suggest that the hyperreactive phenotype of PMN could have local tissue-damaging 

consequences. [49]  

ROS are not only microbicidal but they establish an adequate environment suitable for 

killing and digestion by enzymes. Factors present at diseased sites may enhance ROS 

production. For instance, polyamines are significantly increased at diseased sites and may 

enhance ROS production by neutrophils. [50, 51]  

Furthermore, a variety of cytokines have been shown to have a priming effect on the 
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oxidative burst of PMN. [52] Products of oxidative stress damage, can lead to more ROS-

induced damage by priming and chemotactic effect on PMN.  This could activate protein-

1 and nuclear factor-kB resulting in tissue damage in the periodontal tissues. [53]  

The importance of antioxidants relies on the maintenance of cell and tissue homeostasis 

and viability through the prevention and repair of ROS damage. Aerobic organisms have 

integrated antioxidant systems, which include enzymatic and nonenzymatic antioxidants 

that are usually effective in blocking harmful effects of ROS. In pathological conditions, 

the antioxidant systems can be overwhelmed. Another important role of antioxidants is 

controlling the redox-regulated gene transcription. In general, periodontally compromised 

patients have a decrease antioxidant defense, whether this reflects a hyperreactive 

response of PMN, a decrease vitamin intake or a polymorphism in key redox-regulating 

enzymes still remains unclear. [10, 54]  

 

E. Antioxidants 

Any substance is defined as an antioxidant if, when present at lower concentrations than 

those of an oxidable substrate, it significantly delays or prevents oxidation of that 

substrate. [5] 

 In normal physiology there is a dynamic equilibrium between ROS activity and 

antioxidant defense capacity and when that equilibrium shifts in favor of ROS, either by a 

reduction in antioxidant defenses or an increase in ROS production or activity, oxidative 

stress results. Oxidative stress causes a disturbance in the pro-oxidant–antioxidant 

balance in favor of the former, leading to potential damage. [14] The removal of ROS by 
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antioxidant defense systems is essential for healthy aerobic life. [9] [15] 

Tissue injury due to free radical production has been suggested to be enhanced in 

individuals with periodontal disease due to a lack of adequate antioxidant defense.[8, 16] 

Several classifications exist depending on mode of action (preventive or scavenging), 

location (intracellular, extracellular or membrane associated), solubility (water soluble or 

lipid soluble), structures they protect (DNA protective, protein protective or lipid 

protective) and origin (exogenous, endogenous or synthetic). [13] 

Different biologically important compounds have been reported to have antioxidant 

functions. These include vitamin C (ascorbic acid), vitamin E (α-tocopherol), vitamin A, 

b-carotene, metallothionein, polyamines, melatonin, nicotinamide adenine dinucleotide 

phosphate (NADPH), adenosine, co-enzyme Q-10, urate, ubiquinol, polyphenols, 

flavonoids, phytoestrogens, cysteine, homocysteine, taurine, methionine, S-adenosyl-L-

methionine, resveratrol, nitroxides, reduced glutathione (GSH), glutathione peroxidase 

(GPX), superoxide dismutase (SOD), catalase (CAT), lactoferrin, nitric oxide synthase 

(NOS), heme oxygenase-1 (HO-1) and eosinophil peroxidase (EPO).[17]  

Among all antioxidants the most commonly investigated ones in the gingival crevicular 

fluid and gingival tissues include: superoxide dismutase, melatonin and lactoferrin as 

well as total antioxidant capacity.[13] 

Assays of total antioxidant capacity (TAOC) provide an overview of the biological 

interactions between individual antioxidant species and how efficiently these translate 

into host cell protection during periods of oxidative stress. [14, 18-21] 
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Within mammalian tissues the most significant antioxidant is perhaps superoxide 

dismutase (SOD). SOD is an antioxidant which catalyzes the dismutation of O - to H2O2 

and O2 and together with other AO enzymes provides protection. It has been localized in 

the gingival tissues and may be an important defense mechanism against superoxide 

release. [10, 11, 18, 22-26] 

Of particular relevance, melatonin is an indole amine hormone synthesized mainly by the 

pineal gland. It has a diversity of functions including acting as a potent antioxidant action 

against reactive oxygen species.[15, 27-29] 

Another antioxidant that has been commonly investigated is lactoferrin. It is a member of 

the transferrin family and is supposedly a major component of the non-specific defense of 

mucosal surfaces and neutrophils.  It has preventative antioxidants function by enzymatic 

removal of superoxide and hydrogen peroxide or by sequestration of divalent metal ions, 

preventing Fenton reactions and subsequent hydroxyl radical formation. [13, 30-33] 

Most of the studies investigating oxidative stress and antioxidant status both locally and 

peripherally [34] in periodontitis patients reported lower levels of total antioxidant 

capacity, superoxide dismutase, melatonin and increased levels of lactoferrin.  

It seems, therefore, that oxidative stress is a strong feature of periodontitis and the study 

of antioxidant defense systems therefore becomes important in elucidating mechanisms 

of tissue damage and potentially new therapeutic strategies.  
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II. Purpose: The goal of this study is to conduct a systematic review of the literature that 
evaluates the qualitative and quantitative antioxidant defense to oxidative damage in 
humans with periodontitis. 
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III. Materials and Methods 
 
A. Literature Search 
 
Publications were searched using electronic databases including Ovid MEDLINE, 

Scopus, and Cochrane Library. The search was conducted for all controlled human 

clinical trials available through February 15, 2016.  There was no limitation regarding 

publication date or publication status. The search strategy utilized keywords for each 

database based on terms associated and inclusive of periodontitis and were combined 

with related terms of antioxidants and   oxidative stress markers to identify all available 

studies. The searches are defined below.  

The Ovid/MEDLINE Search: 
 
[“exp periodontal diseases/” OR “periodont$.ti,ab.” OR “gingiv$.ti,ab.”]  

AND [“alveolar bone loss/” OR “exp alveolar process/” OR “alveolar.ti,ab.” OR “exp 

periodontal atrophy/” OR “CAL.ti,ab.” OR “(attachment adj loss).ti,ab.” OR “probing 

depth.mp.” OR “periodontal pocket/” OR “PD.ti,ab.” OR “bleed$3.ti,ab.” OR 

“BOP.ti,ab.” OR “gingival crevicular fluid/” OR “GCF.ti,ab.” OR “(gingival adj 

crevicular adj fluid$).ti,ab.”]  

AND [“exp reactive oxygen species/” OR “ROS.ti,ab.” OR “(reactive adj oxygen adj 

species).ti,ab.” OR “Nitric oxide/” OR “(Nitric adj oxide$).ti,ab.” OR “exp nitric oxide 

synthase/“ OR “NOS.ti,ab.” OR “(Oxygen adj radical$).ti,ab.” OR “exp free radicals/” 

OR “(free adj radical$).ti,ab.” OR “Lipid Peroxidation/” OR “(lipid adj peroxida$).ti,ab.” 

[“exp periodontal diseases/” OR “periodont$.ti,ab.” OR 

“gingiv$.ti,ab.”]  
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AND[“alveolar bone loss/” OR “exp alveolar process/” OR “alveolar.ti,ab.” OR “exp 

periodontal atrophy/” OR “CAL.ti,ab.” OR “(attachment adj loss).ti,ab.” OR “probing 

depth.mp.” OR “periodontal pocket/” OR “PD.ti,ab.” OR “bleed$3.ti,ab.” OR 

“BOP.ti,ab.” OR “gingival crevicular fluid/” OR “GCF.ti,ab.” OR “(gingival adj 

crevicular adj fluid$).ti,ab.”] 

AND [“exp antioxidants/” OR “antioxidant$.ti,ab.” OR “superoxide dismutase/” OR 

“(superoxide adj dismutase).ti,ab.” OR “exp peroxidases/” OR “catalase$.ti,ab.” OR 

“peroxidase$.ti,ab.” OR “exp DNA repair enzymes/” OR “(DNA adj repair adj 

enzyme$).ti,ab.” OR “exp Albumins/” OR “albumin$.ti,ab.” OR “lactoferrin$.ti,ab.” OR 

“lactoferrin/” OR “transferrin/* OR “transferrin$.ti,ab.” OR “Haptoglobins/” OR 

“haptoglobin$.ti,ab.” OR “ceruloplasmin/” OR “ceruloplasmin$.ti,ab.” OR “hemopexin/” 

OR “hemopexin$.ti,ab.” OR “exp carotenoids/” OR “carotenoid$.ti,ab.” OR “(ascorbic 

adj acid$).ti,ab.” OR “(beta adj caroten$).ti,ab.” OR “Glutathione Reductase/” OR 

“(glutathione adj reductase$).ti,ab.” OR “Uric Acid/” OR “(uric adj acid).ti,ab.” OR 

“urate$1.ti,ab.” OR “exp Ascorbic Acid/” OR “(vitamin adj c).ti,ab.” exp Cysteine/” OR 

“cysteine$.ti,ab.” OR “Zinc/” OR “zinc.ti,ab.” OR “exp Vitamin E/” OR “(vitamin adj 

E).ti,ab.” OR “tocophenol$.ti,ab.” OR “exp Bilirubin/” OR “Ubiquinone/” OR 

“ubiquinone$.ti,ab.” ] 

 

The Cochrane Library Search: 

(MeSH descriptor “[Periodontal Diseases]”  OR “periodont*” OR “gingiv*” ) 

AND (“MeSH descriptor: [Alveolar Bone Loss]” OR “MeSH descriptor: [Alveolar 

Process]” OR “alveolar” OR “MeSH descriptor: [Periodontal Atrophy]” OR “CAL” OR 
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“attachment” OR “probing” OR “PD” OR “MeSH descriptor: [Periodontal Pocket]” OR 

“bleed*” OR “BOP” OR “MeSH descriptor: [Gingival Crevicular Fluid]” OR “gcf” ) 

AND (“MeSH descriptor: [Reactive Oxygen Species]” OR “ROS” OR “MeSH 

descriptor: [Nitric Oxide]” OR “MeSH descriptor: [Nitric Oxide Synthase]” OR “NOS” 

OR “Oxygen radical*” OR “MeSH descriptor: [Free Radicals]” OR “MeSH descriptor: 

[Lipid Peroxidation]”) 

(MeSH descriptor “[Periodontal Diseases]”  OR “periodont*” OR “gingiv*” ) 

AND (“MeSH descriptor: [Alveolar Bone Loss]” OR “MeSH descriptor: [Alveolar 

Process]” OR “alveolar” OR “MeSH descriptor: [Periodontal Atrophy]” OR “CAL” OR 

“attachment” OR “probing” OR “PD” OR “MeSH descriptor: [Periodontal Pocket]” OR 

“bleed*” OR “BOP” OR “MeSH descriptor: [Gingival Crevicular Fluid]” OR “gcf” ) 

AND(“MeSH descriptor: [Antioxidants]” OR “MeSH descriptor: [Superoxide 

Dismutase]” OR “MeSH descriptor: [Peroxidase]” OR “MeSH descriptor: [Catalase]” 

OR “MeSH descriptor: [Lactoferrin]” OR “MeSH descriptor: [Transferrin]” OR “MeSH 

descriptor: [Carotenoids]” OR “MeSH descriptor: [Ascorbic Acid]” OR “MeSH 

descriptor: [beta Carotene]” OR “vitamin C” OR “MeSH descriptor: [Uric Acid]” OR 

“urate*” OR “MeSH descriptor: [Cysteine]” OR “MeSH descriptor: [Zinc]” OR “MeSH 

descriptor: [Vitamin E]” OR “tocophenol*” OR “alpha-tocophenol”) 

 

The Scopus Search: 

 (TITLE-ABS-KEY (periodontal disease OR periodont OR gingiv) 

AND TITLE-ABS-KEY (reactive oxygen species OR ros OR oxygen species OR nitric 

oxide OR nos OR oxygen radical OR free radical OR lipid peroxida) 
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AND TITLE-ABS-KEY (alveolar bone loss OR alveolar process OR alveolar OR 

periodontal atrophy OR cal OR attachment OR probing OR pd OR periodontal pocket 

OR bleed OR bop OR gingival crevicular fluid OR gcf)) 

(TITLE-ABS-KEY (periodontal disease OR periodont OR gingiv) 

AND TITLE-ABS-KEY (antioxidant OR superoxide dismutase OR peroxidase OR 

catalase OR DNA repair enzyme OR albumin OR lactoferrin OR transferrin OR 

haptoglobin OR ceruloplasmin OR hemopexin OR carotenoid OR ascorbic acid OR beta 

carotene OR glutathione reductase OR uric acid OR cysteine OR zinc OR vitamin E OR 

tocophenol OR bilirubin OR ubiquinone) 

AND TITLE-ABS-KEY (alveolar bone loss OR alveolar process OR alveolar OR 

periodontal atrophy OR cal OR attachment OR probing OR pd OR periodontal pocket 

OR bleed OR bop OR gingival crevicular fluid OR gcf)) 
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Once all available published articles were identified, titles and abstracts were reviewed 

by 3 different individuals to remove articles that did not pertain to the characterization of 

periodontitis patients compared to healthy controls elative to clinical parameters and local 

markers of antioxidants as described by the inclusion and exclusion criteria as follows:  

The selected studies were to include criteria described below. 

Inclusion criteria: 1) human clinical trials, case series and cohort studies of periodontitis 

with matched healthy controls 2) written in the English language 3) must evaluate 

markers of antioxidants in both the periodontitis and healthy controls 4) antioxidant 

markers must be identified localized to the periodontium, gingival crevicular fluid (GCF) 

and/or tissue biopsies 5) clinical parameters of disease should be assessed (probing depth, 

clinical attachment level, gingival index, bleeding on probing). 

Articles were specifically excluded if they met the outlined exclusion criteria: 1) no 

reported antioxidants quantified 2) no evaluation of healthy controls 3) no defined 

periodontitis population (probing depth, bone loss, clinical attachment levels, bleeding on 

probing) 4)  case reports and poster presentations 5) animal studies 6) in-vitro studies 7) 

no evaluation of antioxidant levels 8)studies only quantifying  salivary markers or serum 

markers 9) studies including subjects with systemic diseases without matched healthy 

controls 10) studies with subjects  with aggressive and/or  refractory periodontitis 11) 

studies of  dental implants and not involving teeth. 
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B. Final Article Selection and Data Extraction 
 
Three independent reviewers evaluated the titles and abstracts from the combined search 

of the three electronic databases. If the abstract did not provide sufficient data to establish 

qualification for inclusion, the full report was obtained and reviewed.  

Once a final selection was conducted, data extraction involved tabulating information that 

included: 1) Author and year of publication 2) test population 3) control population 4) 

smoking status 5) systemic health status 6) intervention 7) antioxidant marker evaluated 

8) clinical parameters evaluated 9) GCF collection method and unit of measure 10) 

Blood/serum collection method if applicable 11) p value 12) and whether the site or the 

patient was the unit analysis.  

 

C. Quality assessment 

The protocol for grading the level of evidence was based on the Strength of 

Recommendation Taxonomy (SORT) from the Journal of Evidence Based Dental 

Practice. Assessment was based on Strength-of-Recommendation and Quality of 

Evidence. [35] 

D. PICO (Population, Intervention, Comparison, and Outcomes) Question 

In human adults with periodontal disease, are clinical parameters correlated with GCF 

antioxidant levels compared with healthy patients?  
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Figure 1. Data Flowchart depicting initial search results to final studies 

 
 
 

 

Electronic	Search	of	the	3	
databases	
N	=	2,523	

Total	articles	after	excluding	
duplicates	and	limiting	to	
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N	=	145	

1

TAOC,	Lactoferrin,	SOD	and	
Melatonin	
N	=	57	

Final	selection	
N	=	16	

Titles	
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N	=2378	

Abstracts	
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articles	
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N	=41	

2
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Figure 2. The Basis For Strength of Recommendation[35] 
 

 
Figure 3. The Basis For Grading The Quality of Evidence [35] 

Figure 1 gives information about how to determine the
strength of recommendation grade using an algorithm.

! Reviewers and readers should adjust the strength of rec-
ommendation grade based for an individual patient or
circumstance based on the benefits, harms, and costs
of the intervention being recommended.

STUDY QUALITY

The quality of individual studies is rated levels 1, 2, or 3.
Table 2 explains how to determine the level of evidence
for an individual study. Once the quality grade is known,
it can be ‘‘plugged in’’ to the algorithm in Figure 1, along
with the consistency grade (Table 3) to yield the final SOR

Figure 1. Assigning a Strength-of-Recommendation grade based on a body of evidence. (USPSTF¼U.S. Prevention
Services Task Force)

TABLE 1. Strength-of-Recommendation Grades

Strength of recommendation Basis for recommendation

A Consistent, good-quality patient-oriented evidence*
B Inconsistent or limited-quality patient-oriented evidence*
C Consensus, disease-oriented evidence,* usual practice,

expert opinion, or case series for studies of diagnosis, treatment,
prevention, or screening

*Patient-oriented evidence measures outcomes that matter to patients: morbidity, mortality, symptom improvement, cost reduction, and quality of
life. Disease-oriented evidence measures intermediate, physiologic, or surrogate end points that may or may not reflect improvements in patient
outcomes (e.g., blood pressure, blood chemistry, physiologic function, pathologic findings).

JOURNAL OF EVIDENCE-BASED DENTAL PRACTICE

6A March 2009

grade. Note that studies about etiology are always given
a quality grade of 3 since they represent disease-oriented
evidence.

SUMMARY

There are several advantages to SORT over other systems:

! It is straightforward and comprehensive
! Is easily applied by reviewers and clinicians

! It explicitly addresses the issue of patient-oriented (ef-
fectiveness) versus disease-oriented evidence (efficacy)

SORT strengths also create limitations. Some clinicians
may be concerned that the system is not as detailed in its
assessment of study designs as others, such as the one
previously used by JEBDP, which was adapted from the
Center or Evidence-Based Medicine (CEBM).10 However,
SORT authors believe the primary difference between the
2 systems is that the CEBM version also distinguishes

TABLE 2. Assessing Quality of Evidence

Study quality Diagnosis Treatment/prevention/screening Prognosis

Level 1: good-quality,
patient-oriented
evidence

Validated clinical
decision rule SR/
meta-analysis
of high-quality
studies

High-quality diagnostic
cohort study*

SR/meta-analysis or RCTs with
consistent findings

High-quality individual RCT†
All-or-none study‡

SR/meta-analysis of
good-quality
cohort studies

Prospective cohort
study with good
follow-up

Level 2: limited-quality
patient-oriented
evidence

Unvalidated clinical
decision rule

SR/meta-analysis of lower
quality studies or studies
with inconsistent findings

Lower quality diagnostic
cohort study or diagnostic
case-control study

SR/meta-analysis of lower
quality clinical trials
or of studies with
inconsistent findings

Lower quality clinical trial
Cohort study
Case-control study

SR/meta-analysis of
lower quality cohort
studies or with
inconsistent results

Retrospective cohort
study or prospective
cohort study with
poor follow-up

Case-control study
Case series

Level 3: other
evidence

Consensus guidelines, extrapolations from bench research, usual practice, opinion,
disease-oriented evidence (intermediate or physiologic outcomes only), or case series
for studies of diagnosis, treatment, prevention, or screening

SR ¼ systematic review, RCT ¼ randomized controlled trial.
*High-quality diagnostic cohort study: cohort design, adequate size, adequate spectrum of patients, blinding, and a consistent, well-defined
reference standard.
†High-quality RCT: allocation concealed, blinding if possible, intention-to-treat analysis, adequate statistical power, adequate follow-up (greater
than 80 percent).
‡ln an all-or-none study, the treatment causes a dramatic change in outcomes, such as antibiotics for meningitis or surgery for appendicitis, which
precludes study in a controlled trial.

TABLE 3. Assessing Consistency of Evidence Across Studies

Consistent Most studies found similar or at least coherent conclusions (coherence means that
differences are explainable).

or
If high-quality and up-to-date systematic reviews or meta-analyses exist, they support
the recommendation.

Inconsistent Considerable variation among study findings and lack of coherence
or

If high-quality and up-to-date systematic reviews or meta-analyses exist, they do not find
consistent evidence in favor of the recommendation.

JOURNAL OF EVIDENCE-BASED DENTAL PRACTICE

Volume 9, Number 1 7A
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Table 1. Characteristics of reviewed studies  
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Table 1. Characteristics of reviewed studies (Continued)  
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Table 1. Characteristics of reviewed studies (Continued) 
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IV. Results 
 

A. Article selection: 

The initial search strategy yielded 2,523 articles of the three combined databases. After 

eliminating duplicate articles and those that did not meet the eligibility criteria, the total 

number of articles that were selected for the antioxidant markers group included 145 

articles. Due to the variety of antioxidant markers in the GCF, it was decided to further 

limit the search to the most commonly investigated markers including TAOC, SOD, 

Lactoferrin and Melatonin. This selection consisted of 57 articles.  

 

Furthermore, articles were excluded if 1) only serum or/and salivary or/and plasma 

inflammatory markers were quantified (n=22) 2) no  true healthy control group (n = 12) 

was identified 3) or included gingivitis only (n=2) 4) reviews (5).  The final selection 

consisted of 16 articles. Once the inclusion and exclusion criteria were satisfied.  

 
B. Included studies:  

Characteristics of the participants: 

All of the participants in all studies were systemically healthy and divided by 

periodontitis patients and periodontal diseased patients.  The sample size ranged from 16 

to 114 subjects. The ages of the subjects included in the studies ranged from 20 to 62 

years. Almost all the studies reported the age of the participants.  There was one article 

that did not specify the age of the participants[23]. Some included both range and mean 

age[16, 20-22, 25, 33, 36, 37]. Some failed to report mean age[27, 29-32] while one 

failed to report age range[16] . Three studies did not specify the number of males and 

females [23, 25, 37]. Two studies only included female. [20, 21] 
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Quality of Evidence  

The strength of recommendation is graded either A, B or C rating. An A means 

consistent, quality patient-oriented evidence, B is inconsistent or limited quality patient-

oriented evidence, and C denotes consensus, disease-oriented evidence, usual practice, 

expert opinion, or case series for studies of diagnosis, treatment, prevention, or screening. 

Fig 2 and 3.  All of the studies evaluated were grade 2C studies using limited quality 

patient-oriented evidence.  

Subjects inclusion criteria: 

 All of the studies included systemically healthy patients excluding pregnant women and 

smokers [14, 16, 20-23, 25, 27-33, 36, 37]. Some included subjects that had not received 

periodontal therapy within 6 to 12 months[20-22, 25, 27, 29, 33], within 3 to 6 months of 

antibiotic therapy[14, 16, 20-22, 25, 29-33, 36], anti-inflammatory medication[14, 16, 20-

22, 25, 32, 33, 36], vitamin supplementation[14, 16, 25, 28, 36],  antioxidants[28], 

immunosuppressive agents and sympathomimetics [25], antidepressants or 

antipsychotics[27]. 

C. Clinical parameters: 

Regarding clinical parameters, all of the studies measured probing depths  [16, 20-33, 36, 

38] and the majority of the studies measured clinical attachment level [20-22, 25, 27, 28, 

32, 33, 37], gingival index [20-22, 25, 27, 30-33], plaque index [4, 20-22, 24, 25, 28, 31-

33], gingival bleeding index (GBI)[20-22], percentage of bleeding on probing (BOP)[16, 
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25, 28, 36], gingival crevicular fluid flow (GFC)[20, 30-33] and one article used the 

Russel periodontal index (RPI)[29]. 

 

D. Unit of measure:  

Sites were used as a unit of study measure in 5 studies[23, 24, 30-33] and in the rest the 

patient was the unit of measure[14, 16, 20-22, 24-29, 36, 37]. When the site was used as a 

unit, samples were taken from the same individual using diseased sites and healthy 

sites.[31] There were two studies that divided the subjects into periodontitis and healthy 

groups and used the site as unit of measure.[24, 32, 33] In one study,  samples were 

obtained from diseased sites from periodontitis patients and healthy sites were obtained 

mainly from periodontally healthy individuals but in some cases from periodontitis 

patients as well. [30] In one study, it did not specified if the healthy samples were taken 

from either a periodontitis patient or a healthy patient.[23] 

In the studies where the patient was the unit, the number of subjects ranged from 16 to 

57. As for the studies using sites as a unit, the number of sites ranged from 20 to 89.  

 

 

 
 

 
 



	22	

Table 2. Clinical Parameters   
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Table 2. Clinical parameters (Continued) 
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E. Sampling protocol 

Gingival crevicular fluid: 

In three studies, to avoid irritation, sampling was performed 2 days to 1 week after the 

clinical measurements were performed.[20-22] In all studies test sites were dried and 

isolated with cotton rolls to prevent any contamination with saliva or blood[14, 16, 20-22, 

27, 29-33, 36, 37]. Before gingival crevicular fluid sampling, supragingival calculus was 

removed. [20, 27, 29, 31-33] The samples that were contaminated with blood or saliva 

were discarded. [22, 27, 29, 33]. 

The samples were obtained in 30 s with standardized periopaper strips, and volume was 

measured on a pre-calibrated Periotron 6000 or 8000 with distilled water, [14, 16, 20, 21, 

30-33, 36].  In one study it was obtained in 5s[22]. Others used a microcapillary pipete 

between 5 to 30 minutes.[27, 29] Another collected the GCF sample by washing the 

gingival crevice 12 minutes and aspirating it with a microsyringe.[37] 

Regarding storage, the gingival crevicular fluid samples were stored at  -20°C[22, 27, 29, 

33]; stored in ice [37]; or strips were put in glass tubes and treated by 1 ml, 20 mM tris-

HCl buffer (pH 6.5). The samples were kept at 141C for 30 minutes and then vortexed. 

The extracts were then transferred to tubes and stored frozen.[22] Other, strips were 

eluted in 300 μL 0.1 mmol/L phosphate buffered saline (pH 7.4) at 25°C for one hour 

while being agitated constantly. The elute was then stored at -70°C until assayed [32]; 

strips were eluted in 1ml of PBS containing Tween 0.05% and BSA 0.1% for 1 hour at 

room temperature on a rotating mixer, the strips were then removed and discarded and 
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the eluate aliquoted and stored at -30C[30, 31]. Additionally, other samples were pooled 

in glass tubes and treated with 1 ml 20 mM Tris-HCl buffer (pH 6) and eluted for 30 

minutes at room temperature, and the paper strips were removed and stored in liquid 

nitrogen[14, 16, 20, 21, 36] 

Gingival tissue: 

In four of the included studies, tissue sampling was obtained.[22, 23, 25, 28]  For one 

study, diseased tissue samples were harvested during full-thickness flap operation after 

scaling and polishing[22]. In contrast, in other studies gingival tissue samples were 

collected from chronic periodontitis patients prior to non-surgical therapy.[23, 25, 28] 

In controls, the gingiva surrounding the socket was excised in small pieces, immediately 

after the extraction of the indicated teeth for orthodontic reasons or profound occlusal 

caries.[22] [25]Instead, gingival tissue samples were collected by excision from healthy 

individuals undergoing surgical crown lengthening procedure.[28]  

With respect to storage, the articles differ slightly in their protocols. In two, all the 

gingival tissue samples were washed in saline solution immediately after excision and 

dried with filter papers. Tissue samples were stored in firmly wrapped sterile Eppendorf 

tubes at -20C [22] [28] and -80C [25]until the analysis. In other, one-half of the sample 

was fixed in 10% neutral-buffered formalin for histological analysis; the remaining tissue 

was frozen prior to biochemical analysis. The latter tissues (10 mg wet weight) were 

solubilized by grinding in 1 ml phosphate-buffered saline prior to biochemical analysis. 

[23]
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F.  Laboratory assessments and findings: 

 
Total antioxidant capacity (TAOC): 

Laboratory assessments:  

There are fiur methods used to measure total antioxidant capacity.  

In two studies TAOC in serum and in GCF samples was measured using an automated 

measurement method.[39] The method is capable of measuring endogenous and 

exogenous antioxidants, such as uric acid, Trolox (a water-soluble vitamin E analog), 

vitamin C, and glutathione. [20, 21] 

Another method utilized a standardized solution of Fe2+-o-dianisidine complex reaction 

with a standardized solution of H2O2 by way of a  Fenton-type reaction to produce  OH.  

ROS oxidize the reduced colorless o-dianisidine molecules to yellow-brown colored 

dianisidyl radicals at low pH (1.8). The oxidation reactions progress among dianisidyl 

radicals, and further oxidation reactions develop. The color formation is increased with 

further oxidation reactions. Antioxidants in the sample suppress the oxidation reactions 

and color formation. This reaction can be monitored spectrophotometrically at 444 Nm. 

Trolox, was used as the standard and the results were calculated in mM Trolox 

equivalents (mmol Trolox equivalents/l). The analytical sensitivity of this method has 

been found to be 0.07 mM Trolox equivalents for GCF, and 0.04 mM Trolox equivalents 

for serum. The range of standards that were used for TAOC assay in this study was 0–1 

mM Trolox equivalents (0, 0.2, 0.4, 0.6, 0.8, 1 Trolox equivalent). [20, 21] 

In other three articles, the determination of antioxidant capacity of the  samples was 

related to an external standard calibrant (a water soluble vitamin E analogue 6-hydroxy-
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2,5,7,8-tetramethyl- chroman-2-carboxylic acid – Trolox). TAOC of samples was 

therefore expressed in Trolox equivalents (mM). Standard curves were constructed using 

Trolox standards (20–80 mM), which were run prior to, and on completion of assaying 

clinical samples from each patient and the matched control subject. 100 ml volumes of 

GCF eluate were used without dilution in combination with matched volumes of Trolox 

standards for assay calibration. Each patient’s samples were assayed at the same time as 

the matched control samples.[14, 16, 36] 

Finally, Guarnieri et al used the xanthine oxidase/xanthine reactions as source of O2
-, 

with cytochrome c as the indicating scavenger for this radical. The incubation mixture 

contained: 100mM potassium-phosphate buffer; 0.5mM xanthine; 0.35µM 

ferricytochrome c as enough xanthine oxidase (6µM) to cause A550 = 0.025/min at pH 7.8 

and 25ºC, in a total reaction volume of 800µl. After 1 minute , 10µl of GS were added 

and the reduction of cytochrome c was monitored for 2 minutes. The GS scanvenger 

activity was determined by evaluating the percent difference in the slopes of cytochrome 

c reduction before and after GS addition and considering that 10µg superoxide dismutase 

caused a 90% inhibition.[37] 

 

Laboratory findings:  

Overall, average TAOC values in GCF were lower for the periodontitis groups than in the 

periodontally healthy matched controls.[14, 16, 20, 21, 36]  In the periodontitis groups, 

the levels decreased significantly when measuring GCF TAOC concentrations (mM and 
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µM Trolox equivalent). Akalin et al reported a 47.05% difference between test and 

controls, which was statistically significant (p <0.005).[20]Baltacioglu et al showed a 

41.66% statistically significant difference in the concentrations (p<0.05).[21] Chapple et 

al and Brock et al also demonstrated a significant difference in concentrations with 

50.89% and 40.16% respectively (p<0.0001).[14, 36] In a second study, Chapple et al 

also reported a statistically significant difference of 51.34% (p<0.015). [16] Guarnieri et 

al is the only author that reports that antioxidant activity did not differ between control 

and periodontitis patients. [37] 

Generally, TAOC/30s levels in GCF were lower in periodontal disease groups although 

not statistically significant. There was only one study were TAOC/30s was higher in the 

periodontitis groups than in the healthy group by 21.73%, but it was not statistically 

significant.[14] The article by Akalin et al was the only one finding a statistical 

significant difference between groups by 23.20% (<0.005).[20] Baltacioglu et al and both 

Chapple et al found no statistical differences and reported differences of  28%, 20% and 

25% respectively.[16, 21, 36]  
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Superoxide dismutase (SOD) 

The total SOD levels were measured in the total amount of GCF that was collected in 30 

seconds. SOD concentrations were calculated by dividing the total SOD by the volume of 

GCF. [20] 

 Nitroblue tetrazolium (NBT) SOD assay:   

The measurement of SOD was based on the principle that xanthine reacts with xanthine 

oxidase to generate superoxide radicals, which react with 2-(4-iodophenyl)-3-(4-

nitrophenol)-5-phenyltetrazolium chloride to form a red formazan dye. SOD activity was 

then measured by the degree of inhibition of this reaction. [20-23, 25] 

In two studies, the change in absorbance at 560 nm was measured as a function of time in 

a microplate spectrophotometer.[20-23] Percent inhibition was defined as the following: 

{(Slope without SODaSlope with SOD)/Slope without SOD}x100%. Data were 

expressed as units/mg and units/ml protein, where 1 unit=50% SOD inhibition.[20-23]  

 In Tonguç et al, the activities of SOD were expressed as unit per milligram hemoglobin 

and unit per milligram protein in hemolysates and tissues. [25] 

SOD generation assay:  

The release of O2 by isolated crevicular PMN was determined by SOD inhibitable 

reduction of cytochrome c. After one minute of incubation, the reduction of 

ferricytochrome c was followed at 550nm in a dual-beam spectrophotometer with the 

cuvette holder thermostated at 37oC. After 3 min, 0.1 µL/mL PMA was added to the 
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incubation mixture and the reaction was monitored for 3minutes. A reference cuvette 

containing 10µg/ml superoxide dismutase O2
-  generation was calculated by using an 

absorbance coefficient of 21.1mM-1 cm-1 for reduced cytochrome c. All concentrations 

were reported as ng/10µL.[37] 

Laboratory findings: 

Generally, the mean SOD concentrations in GCF were also lower in periodontitis groups 

than in the control groups. Akalin et al and Baltacioglu et al found a 52.50% (p<0.005) 

and 36% (p<0.05) statistical difference between groups, respectively. Akalin et al also 

found statistical difference in SOD/30s concentration by 41.84% (p<0.005). In contrast, 

Baltacioglu et al did not find a significant difference 34.92%.[20, 21] According to 

Guarnieri et al, found no statistical difference for  healthy and diseased groups (54.54%). 

[37]Akalin et al measured SOD activity by units (U), although the control group showed 

higher GCF SOD activity, the difference was not statistical significant by 14% (p>0.05). 

[22] 

The studies evaluating tissue biopsies found significant differences between health and 

control with the exception of one. Akalin et al found the mean gingival SOD activity 

levels in diseased groups showed a significantly higher percentage (344.77%) compared 

to healthy controls (p<0.0001).[22] Ellis et al divided groups into periodontally healthy 

and moderate and severe periodontitis groups. It was found in this study, a significant 

difference between the moderate and severe groups and periodontally healthy controls 

(p<0.01)(p< 0.001). Finally, Tonguc et al found a 53.71% difference between groups 

which was statistically significant (p<0.01)  



	31	

Melatonin 

ELISA:  

Following elution, Melatonin was quantified by using commercially available enzyme-

linked immunosorbent assays (ELISA). All samples were processed according to 

manufacturer’s recommendations. Concentration of each GCF substance and gingival 

tissue were calculated with a standard curve obtained with each standard recombinant 

substance. Total amount of each GCF substance and gingival tissue was obtained by 

multiplying concentration and GCF volume. [27-29] 

Laboratory findings:  

The three studies evaluating melatonin reported the concentrations by picograms/mL. 

One evaluated gingival tissue and two evaluated GCF.  Almughrabi et al and Srinath et al 

both found a statistical significant difference in concentrations by 37.34% and 96.10%, 

respectively (p<0.05). [27, 29]According to Balaji et al, healthy controls had a 

significantly higher concentration, 65.82%, compared to the disease group (p 0.015). [28] 
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Lactoferrin 

ELISA:  

Following elution, lactoferrin was analyzed by using commercially available enzyme-

linked immunosorbent assays (ELISA). Analyses were performed according to the 

manufacturer’s recommended protocol.  

Concentration of each GCF substance was calculated with a standard curve obtained with 

each standard recombinant GCF substance. Total amount of each GCF substance was 

obtained by multiplying concentration and GCF volume.  

The lactoferrin levels were expressed as absolute amounts in ng/30s, ng/µl, ng/site-30s, 

ng/site, ng/mL-30s, and ng µg-1/30s.[30-33] 

Laboratory findings:  

Lactoferrin was the only antioxidant marker that had higher concentrations in the disease 

groups than control groups with no exception.  Wei et al reported the concentration of  

lactoferrin in healthy sites was 151.03% greater compared to diseased sites and was 

statistically significant (p<0.05).[33] Adonogianaki et al showed similar results with a 

significant difference of 128.42% (greater) between groups. (p<0.003).[30] Murray et al 

and Tsai et al showed a bigger difference compared to the other two studies with-

483.96% and 6288.88% statistically greater difference, respectively.  (p<0.02 and 

p0.001)[31, 32] 
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Table 3. Antioxidants  
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Table 3. Antioxidants (Continued) 
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V. Discussion: 
 
In this review, only studies that took samples from the gingival crevicular fluid and 

gingival tissues were taken into consideration. GCF is the most appropriate fluid to 

sample when investigating periodontal status, because it passes through the tissues and 

accumulates biomarkers of tissue events. There are important differences in the gingival 

crevicular fluid compartment relative to salivary or plasma compartments.  GCF volume 

varies with the degree of inflammation and reflects the activity within the periodontium   

better than saliva. Brock et al reported that the antioxidant capacity of GCF is both 

qualitatively and quantitatively distinct from that of saliva, plasma and serum. [14] 

The primary problem with GCF is that the method of sampling is difficult and it varies 

tremendously from paper to paper. In contrast, the sampling of saliva is easier and more 

tolerable for the patient. [40] Biopsy studies are difficult to implement for ethical reasons, 

but they currently demonstrate the presence of more significant antioxidant markers in 

diseased tissues compared to healthy controls. Among the studies that evaluated gingival 

tissue, one had collected the tissues after having performed scaling and root planing.[22] 

This might have created some bias when evaluating the assay’s results when compared to 

untreated diseased tissues from other studies. 

Moreover, in some studies the site was utilized as a unit and in other studies, the patient 

as a unit of study measure. By regarding the patient as a unit as opposed to the site, we 

are using the average over sites within the patient as a unit of analysis. Despite this, it has 

been reported that there is more correlation between sites within the same patient than 
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those between different patients. By regarding the site as a unit, it may obscure 

meaningful data. [41, 42] 

 There were a few articles that included control and diseased sites from the same 

individuals [30, 31]. In studies investigating inflammatory markers it has been 

demonstrated that healthy sites (teeth without disease) in patients with periodontitis show 

higher levels of these markers thus increasing the likelihood of future damage in these 

sites by disease. [43] This might be true for oxidative markers as well and the opposite 

for antioxidant enzymes. 

As for the clinical parameters, there is an enormous variability on what is reported in 

every study. The threshold of healthy versus disease was not consistent in any of the 

articles.  Srinath et al used the Russell periodontal index to define patients into diseased 

and healthy groups. [29] This index shows many limitations such as not grading clinical 

attachment loss, scoring gingivitis and periodontitis on the same weighted scale, and not 

elaborating on disease distribution. These factors compress all the groups into one group, 

and do not provide information regarding disease progression. [44] 

Many others did not report clinical attachment loss, which is the main parameter of 

periodontal disease classification. [45] Thus, limiting the clarification of antioxidant 

strictly to those with alveolar bone loss and periodontitis versus those with gingivitis.  

Overall, it has been demonstrated in this review that TAOC concentration is decreased in 

periodontitis. Guarnieri et al showed spontaneous generation of superoxide in the 

gingival crevicular fluid of periodontitis subjects, but found no difference in antioxidant 

scavenging capacity between the healthy and diseased groups. However, their method of 
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GCF sampling by crevice washing to oxygenate the samples could have resulted in a 

quick decrease of the scavenging antioxidants.[37] These findings were also confirmed in 

a dog study model in which they found a significant negative correlation between serum 

and gingival crevicular fluid total antioxidant capacity with gingival inflammation. [46] 

Akalin et al. investigated the GCF levels of SOD and showed no significant differences 

between health and disease.[22] This was not surprising given the fact that superoxide 

dismutase is predominantly an intracellular antioxidant enzyme system with very low 

extracellular levels present in GCF.  However, other studies reported significant 

differences, with lower levels of GCF SOD in the periodontitis groups[20, 21]. 

Nevertheless, in cohort studies with gingival biopsies, Ellis et al., Tonguc et al and 

Akalin et al all demonstrated that with increasing pocket depth, there was a decreasing 

level of superoxide dismutase in the gingival tissue.[20, 23, 25] 

 

As shown in the results melatonin in GCF and gingival tissues is also decreased with 

inflammation. Therefore, the decrease of melatonin levels in periodontitis might be the 

result of by-products or mediators that could interfere with the melatonin levels. A 

reduction of melatonin may lead to a greater oxidative attack and further destruction of 

the periodontal tissues.  

 

In contrast with other antioxidants, lactoferrin levels in GCF increase in periodontal 

disease. The total amounts and concentrations lactoferrin in GCF were highly correlated 

with the periodontal clinical parameters. Lactoferrin released from PMNs into the GCF is 

a good indicator of periodontal inflammation.[33] Likewise, iron has been reported to be 
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elevated in GCF in periodontal disease. Iron may increase the oxidative stress through 

catalyzing the formation of ROS and enhancing the bacterial growth. Lactoferrin can 

deprive the bacteria of iron that is essential for their survival. [30, 32, 33, 47]  
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VI. Conclusion: 
 

In conclusion, our findings suggest that the levels of TAOC, SOD and melatonin in GCF 

and gingival tissue are quantitatively higher in healthy gingiva than diseased and appear 

to reflect increased oxygen radical activity during periodontal inflammation. In contrast 

lactoferrin levels increase in periodontal disease GCF.  

Reduced antioxidant defense could result from low grade systemic inflammation induced 

by the host response to periodontal bacteria, or may be an innate feature of the 

periodontitis patient.  In the future, treatment for periodontal disease may include therapy 

targeted to increase antioxidants against reactive oxygen species.  
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